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Acta Chimica Academiae Scientiarum Hungaricae, Tomus 63 (1 ) ,  pp . 1—8 (1970)

MÖSSBAUER PARAMETERS 
OF IRON(II)-SALT HYDRATES

A. V é r t e s *, T . S z é k e l y ** and T . T a r n ó c z y ***
(* D epartm ent o f  Physical Chemistry and Radiology, Eötvös L . U n iversity  o f  Sciences, 

**D epartm ent o f  Inorganic and General Chem istry, Eötvös L . U n iversity o f  Sciences, ***Central
Research In stitu te  fo r  P hysics)

R eceived M ay 24, 1968

The Mössbauer param eters o f iron (II) chlorides and su lfates conta in ing  various 
am ount of water o f crystallization w ere investigated . I t  has been found th a t  increasing  
the water content th e  va lues o f isom er sh ift and quadrupole sp litting  are increasingly  
determ ined by the linkage betw een th e  water m olecule iron(II) ion. A s an exam ple, 
the high nepheloauxetic effect o f ch lorine-m easured  in FeCl2- i s  a lm ost en tire ly  screened 
b y  the H20  m olecules in FeCl2 • 4H 20 .  The therm al behaviour o f  FeSO , • 4H 20  was 
investigated  and on the basis o f th e  m easurem ents it has been estab ilished  th at in 
the presence o f air on 200°C this com pound is oxidized to a basic iron su lfate , which 
is antiferrom agnetic below  — 80°C.

T h e isom er sh if t (ő), th e  q u a d ru p o le  sp littin g  ( AE)  a n d  th e  m ag n etic  
sp li t t in g  (H) are th e  m o s t im p o r ta n t  p a ra m e te rs  of M össbauer s p e c tra  [1, 2]. 
A lth o u g h  i t  is th e  so-called  M össbauer n uc leus (in th is  case Fe) w hose  severa l 
fe a tu re s  are ch a rac te rized  b y  each  o f  th e  above p a ra m e te rs* , one  can  get 
v a lu a b le  in fo rm atio n  a b o u t th e  s t ru c tu re  o f  th e  w hole m olecule  o r  ev en  w hich 
c o n ta in s  as a p a rt th e  M össbauer nuc leu s.

*The isomer shift arises from the interaction  betw een the nucleus and the surrounding 
electric charge, which can be represented b y  th e  charge density o f electrons around the nucleus:

0 = K Z e’ [\V(0)\2 -|V(0)|f] • ( * ! - « ! )

where К  is a constant, characterizing the substance Z  is the atom ic num ber,

|V(0)|S and |v>(0) | |

are eletronic densities a t  the Mössbauer nuclei o f absorber and source; R e and Rg are the 
radii o f  the nucleus in the ground and excited  states, respectively.

The quadrupole sp litting  is due to th e  interaction between the e lectric fie ld  gradient 
and the quadrupole m om ent o f the nucleus (Stark effect). In the case o f iron nuclei

=  1 +  - Ç )  1/2

where eq is the electric field  gradient along the “ Z ” direction (Z is the preferred direction 
belonging to the highest field  gradient), &  is the quadrupole m om ent o f iron nucleus and

V =  ( E XX~  Vyy) Vzz

where Vxx is the electric field  gradient a long the x axis.
The m agnetic sp litting of nucleus leve ls is due to the internal m agnetic  field  o f ferro- 

and antiferrom agnetic substances (Zeem an effect); in the case o f iron it  consists o f  m ostly 
6 lines.

1 Acta ('.him. Acad. Sei. H ung. 63, 1970



2 V É R T E S  e t  al.: MÖSSBAUER PA R A M ETE R S

This is ex p la in ed  b y  th e  fa c t th a t  th e  f in e  s t ru c tu re  o f th e  energy  levels 
o f  n u c le i is d e te rm in ed  b y  th e  s tru c tu re  o f th e  e le c tro n  shell an d  th is  l a t te r  is 
a f fe c te d  b y  th e  a to m s su rro u n d in g  and  c o n n e c te d  to  th e  cen tra l a to m . T h e re 
fo re , as a resu lt, th e  c h e m ic a l and c ry s ta l s tru c tu re s  a re  closely c o rre la ted  
w i th  th e  M össbauer p a ra m e te rs .

T he aim  of th e  p r e s e n t  p ap er is to  in v e s tig a te  th e  e x te n t o f th e  e ffec t 
o f  c ry s ta l  w ater c o n te n t  o n  severa l M össbauer p a ra m e te rs .

As m odels i ro n ( I I )  com pounds w ere ch o sen , b ecau se  in  th e  h igh  sp in  
i r o n ( I I )  com pounds th e  c h a rg e  d is tr ib u tio n  o f  3d 6 e lec tro n s is ra th e r  a sy m 
m e tr ic ,  w hich re su lts  in  a  h ig h  quad rupo le  s p li t t in g  ev en  in  th e  absence o f 
e x te rn a l  field. T h ere fo re  i t  c an  be expected  t h a t  th e  s tru c tu re  d e fo rm atio n a l 
e f fe c t of cry sta l w a te r  m o lecu les  resu lts  in  g re a te r  a b so lu te  A E  change in  
th e  case of iro n (II)  th a n  in  iro n ( I I I ) ,  w here th e  d is tr ib u tio n  of 3d 5 e lec trons 
is  o f  spherical sy m m e try . (T h e  re la tiv e  change w o u ld  lik e ly  be g rea te r  in  th e  
ca se  o f  iro n (III)  c o m p o u n d s , d irec tly , how ever, th e  a b so lu te  change o f q u a d 
ru p o le  sp littin g  can be  m e a su re d , and  so i t  is w o rtw h ile  to  choose th e  case o f 
g r e a te r  abso lu te ch an g e .) O n  th e  o ther h a n d  v a r io u s  iro n (I I )  srd fate- an d  
c h lo r id e -h y d ra te s  can  b e  fa ir ly  easily p re p a re d  (F eA  • a;H20 ,  w here A  =  Cl2 
o r  S 0 4 an d  X =  0 ,1 ,2 ,4 ,7 ), a n d  th e y  are re la tiv e ly  s ta b le  com pounds.

E x p erim en ta l and  resu lts

T he F e S 0 4 • 7 H 20  u s e d  fo r  th e  m easu rem en ts  w as o f  “ R ean a l, P h .H g .V .”  
g ra d e ;  th e  F e S 0 4 • 4 H aO a n d  th e  F e S 0 4 • H 20  c ry s ta ls  w ere p re p a re d  b y  
re c ry s ta ll iz in g  th e  F e S 0 4 • 7 H 20  a t co n tro lled  te m p e ra tu re ;  F e S 0 4 • 4 H 20  
w a s  c rysta llized  a t  60 ^  1°C; F e S 0 4 • F e S 0 4 • H 20  a t  80 ^  2°C. F e S 0 4 
w a s  p re p a re d  b y  h e a tin g  th e  com pound  in  v acu o  a t  250°C fo r 4 hours.

FeC l2 • 4H 30  w as o f  “ R ean a l, pro a n a ly s i”  g rad e ; FeC!2 • 2H aO an d  
a n h y d ro u s  FeCl2 w ere p re p a re d  b y  h ea ting  th e  ab o v e  com p o u n d  in  vacu o  a t  
a b o u t  120°C and  400°C, re sp e c tiv e ly , for 4 h o u rs .

T h e  crystal w a te r  c o n te n t  o f th e  p re p a ra tio n s  w as d e te rm in ed  b y  th e  
K a r l-F is c h e r  m ethod  as w ell as b y  po tassium  p e rm a n g a n a te  t i t r a t io n  (in  th e  
l a t t e r  case x  values w ere  c a lc u la te d  from  th e  d e te rm in e d  F e (I I )  c o n te n t o f  th e  
F e ( I I ) A  • xH 20  c o m p o u n d ). T h e  difference in  th e  re su lts  o b ta in ed  b y  th e  
tw o  m e th o d s  was less t h a n  0.1 H 20 .

T h e  F e S 0 4 an d  F eC l2 so lu tio n s  (of 0.06 m ole/1  c o n c e n tra tio n , p H  =  2) 
w e re  p re p a re d  from  57F e  is o to p e , enriched to  a b o u t 8 0 % .

T h e  M össbauer s p e c tra  w ere recorded w ith  an  a u to m a tic  M össbauer 
s p e c tro m e te r  co n s tru c te d  b y  u s , connected  to  a m u ltic h a n n e l pu lse  lig h t 
a n a ly s e r . The m ode o f w o rk in g  and  th e  m ost im p o r ta n t  p a ram e te rs  o f th e  
e q u ip m e n t  have been p u b lis h e d  in  details [3]. As ra d ia t io n  source, 57Co iso to p e  
o f  a c t iv i ty  1 inCi, d iffu sed  in to  stain less stee l w as u sed .
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T h e m ag n etic  su sc e p tib ility  m easu rem en ts  w ere ca rr ied  o u t b y  a n  e q u ip 
m en t b u il t  in  th e  C en tra l R esea rch  In s t i tu te  o f  P h y sic s . T he m ain  fe a tu re s  
o f  th is  e q u ip m e n t have  been  described  earlier [4].

T h e  th e rm o g ra v iin e tr ic  cu rv e  was recorded  w ith  a “ m assflow ”  th e rm o 
b a lan ce  o f S ta n to n  ty p e .

Tabic 1

A bsorber T e m p era tu re ô*m m /s zJE*m m /e

F e S 0 4 sol. la 1.54 3.36

F eSO ,.7 H 20 la 1.50 3.60

r 1.40 3.20

FeSO,,.4 H20 la 1.48 3.51
r 1.32 3.17

FeSOv H ,0 la 1.45 3.04

r 1.27 2.70

F eS 0 4 la 1.49 3.11
r 1.34 2.94

FeCl2 sol. la 1.50 3.35

FeCL.4 H 20 la 1.42 3.08
r 1.35 2.98

FeCl2.2 H20 la 1.29 2.59
r 1.15 2.24

FcCl.. la 1.23 1.10
r 1.01 0.70

la liquid air temperature 
r — room temperature
* the error of the m easurem ents is not greater than ^  0.05 mm/s

T he resu lts  of M össbauer m easu rem en ts  a re  l is te d  in  T ab le  I .  A s th e  
c h a ra c te r  o f th e  sp ec tra  is v e ry  sim ilar, on ly  tw o o f th e m  are  p u b lish ed  here , 
n am ely  th o se  o b ta in ed  for FeSO,, • H 20 ,  m easu red  a t  room  te m p e ra tu re  an d  
a t  te m p e ra tu re  of liq u id  a ir  (F ig . 1).

Som e o f th e  d a ta  lis ted  in the  ta b le  (FeCU [7], FeCl2 • 2 H 20  [8 ], 
FeCl2 • 41I20  [9], FeSO , • 7 I I20  [10]) have  been  m easu red  b y  o th e r  a u th o rs , 
an d  th e  m a jo rity  of th e  re su lts  is in  good ag reem en t (w ith in  th e  e rro r lim it)  w ith  
o u r re su lts . S ign ifican t d iffe rence  was found in  th e  case of va lues m easu red  
b y  O n o  et al. for FeCl2. T h is  can  likely  be ex p la in ed  b y  th e  fac t t h a t  FeCI2 is 
v e ry  hygroscop ic , and  due  to  w a te r  ab so rp tio n  th e  sp e c tru m  m ay  be d efo rm ed . 
D u rin g  o u r ex p erim en ts  p re c a u tio n  was ta k e n , so th e  d a ta  in ou r p a p e r  seem  
to  be m ore  accu ra te .
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The w a te r c o n te n t  o f  th e  in d iv id u a l sam ples in d ic a te s  t h a t  th e y  are 
n o t  q u ite  hom ogeneous c ry s ta l  h y d ra tes  b u t  c o n ta in  in  som e p e r c e n t (5 — 10% ) 
co m p o n en ts  of d iffe re n t c ry s ta l co n ten t. T h is  su p erp o sitio n  o f  low  in te n s ity , 
h o w ev er, did n o t a ffe c t th e  M össbauer s p e c tra  to  such  an  e x te n t  th a t  th e y

Fig. 1. The M össbauer spectrum  of F e S 0 4 • 4 H 20  a at room tem perature, b 
at the tem perature o f  liquid air

Table I I

W a te r  c o n te n t  o f  F e S 0 4 
(mole H 20 /m o le  F e S 0 4) Ô m m /s J E  m m /s

K a r l—F isc h e r  
m eth o d

K M n 0 4
t i t r a t i o n

la r la r

3.89 3.86 1.44 1.31 3.50 3.16

4.19 4.28 1.52 1.33 3.52 3.18

c o u ld  n o t be e v a lu a te d  p ro p e rly . The d iffe ren ces in  th e  va lu es  o f  M össbauer 
p a ra m e te rs  b ro u g h t a b o u t  b y  th e  w a te r  c o n te n t  change o f  th is  m ag n itu d e  
d id  n o t  exceed th e  e x p e rim e n ta l e rro r (see T a b le  I I ) .

I f  how ever, fo r a n y  reason  th e  q u a n t i ty  o f  “ fo reign”  c ry s ta l  h y d ra te  
in c rea se s , th is  re su lts  in  a superposition  o f  s p e c tra , an d  n o t a single d efo rm a
t io n  o r  sh ift of th e  s p e c tru m . F o r exam ple  in  th e  sp ec tru m  o f FeC l2 exposed 
to  ro o m  te m p e ra tu re  a ir  th e  lines c h a ra c te riz in g  FeCl2-2H 20  w ill also ap p ear 
a f te r  som e hours. H a v in g  b een  tran sfo rm ed  th e  w hole sam ple in to  FeC l2 ■ 2H 20 , 
th e  l a t t e r  tran sfo rm s to  FeC l2-4H 20  b y  fu r th e r  w a te r  a b so rp tio n . T h is process, 
w h o se  in d iv id u a l s te p s  a re  show n in  F ig . 2, is  co m p le te  w ith in  a b o u t 24 hours. 
I n  th is  case, how ever, th e  tw o  su perim posed  sp e c tra  can  be  s e p a ra te d  and  
e v a lu a te d . In  a d d itio n , th e  q u a n tity  of each  co m p o n en t can  be d e te rm in ed  
o n  th e  basis o f th e  M ö ssb au er in tensities.
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F ig. 2. Mössbauer spectra o f iron(II) chloride sam ples containing various am ount o f  w ater of 
crystallization , at liquid air temperature. 1. FeCl2; fL =  0; 2. FeCl2 85% ) +  FeCl2 • 2H 20  
( ~  15% ); t2 =  2 hours; 3. FeCl ( ~  40% ) +  FeCl2 • 2H 20  ( ~  60% ); t3 =  5 hours; 4. FeCl2 

30% ) -f- FeCl2 • 2H 20  70%); t4 =  8 hours; 5. FeCl2 ■ 2H20  (100% ); t5 =  16 hours;
6 . FeCl2 • 2H 20  ( ~  10% ) +  FeCl? • 4H 20  ( ~  90% ); t0 =  22 hours; 7. FeCl2 • 4H 20  ( ~  100% ); 
l1 =  27 hours (where (,■ is the tim e of hydration  o f FeC l2 stored in room tem perature air)

Acta Chim. Acad. Sei. H ung. 63, 1970
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In v e s tig a tin g  th e  M össbauer p a ra m e te rs  o f  iro n (I I )  chloride a n d  su lfa te  
sa m p le s  o f  d iffe ren t c ry s ta l  w a te r  c o n te n t, th e  conclusion can be  d raw n  
t h a t  th e  Ô a n d  A E  v a lu es  o f  sam ples c o n ta in in g  m ore  c ry sta l w a te r  a re  re la 
t iv e ly  n e a r  to  th o se  o f  d ilu te  aqueous F e S 0 4 a n d  FeCl2 so lu tio n  sam p les . 
O n th e  o th e r  h a n d  i t  is  k n o w n  th a t  in  d ilu te  aq u eo u s  iro n (II)  s a lt so lu tio n s  
th e  i r o n ( I I )  ions are  in  th e  fo rm  o f h ex aq u o -co m p lex . A ccording to  th e  above 
i t  is  p ro b a b le  th a t  also in  c ry s ta ls  c o n ta in in g  m ore  cry sta l w a te r  th e  f irs t  
lig a n d -sp h e re  is e n tire ly  o r d o m in an tly  o ccu p ied  b y  w ater m olecules, conse
q u e n t ly  th e  M össbauer p a ra m e te rs  are d e te rm in e d  b y  th e  lin k ag e  b e tw een  
F e 2+ a n d  H 20 .  In  F e S 0 4 • H 20  an d  F e S 0 4 c ry s ta ls , how ever, th e  co n n ec tio n  
b e tw e e n  F e 2+ an d  S 0 42 -  ions is m ore d irec t. T h is  is  in d ica ted  b y  th e  decrease  
o f iso m e r sh if t a n d  q u a d ru p o le  sp littin g . I t  is even m ore e v id e n t in  th e

Fig. 3. The therm ogravim etric diagram  o f  FeSO., ■ 4H20

case o f  FeC l2, w here th e  r a th e r  h igh n ep h e lo au x e tic  effect of Cl ~ is n o t  screened  
b y  H 20  m olecules a n d  so b o th  ô and  A E  v a lu e s  show  sign ifican t d ecrease. 
I t  is  w o rth w h ile  to  n o te  t h a t  changes in  M ö ssb au e r p a ram ete rs  c a n  also  be 
cau sed  b y  th e  change in  co o rd in a tio n  n u m b e r. I n  th e  p resen t case, h o w ev er, 
th is  does n o t  seem  p ro b a b le , fo r th e  change o f  co o rd in a tio n  n u m b e r 6 w ould  
re s u lt  in  th e  increase  o f  q u ad ru p o le  sp lit t in g  [6 ] c o n tra ry  to  th e  decrease  
fo u n d  b y  us.

T h e  th e rm o g ra v im e tr ic  in v es tig a tio n  o f  one  o f th e  exam ined  sam p les  
(F e S 0 4 • 4 H 20 )  w as also ca rr ied  o u t. The re s u lts  in d ic a te  th a t  th e  w a te r  loss 
b eg ins a lre a d y  a t  a b o u t 80°C an d  is com plete  b e lo w  200°C, followed b y  a n o th e r  
s tep  b eg in n in g  a t  a b o u t 400°C (su lfate  d eco m p o sitio n ) (Fig. 3).

F o r  in v e s tig a tin g  fu r th e r  th e  th e rm a l b e h a v io u r  of F e S 0 4 • 4 H 20  a 
sam p le  w as k e p t in  a ir  a t  200°C an d  its  M ö ssb au e r spectrum  w as reco rd ed , 
b o th  on  room  te m p e ra tu re  a n d  on liqu id  a ir  te m p e ra tu re  (Fig. 4) O n th e  
b asis  o f  F ig . 4a, w hich  is th e  superposition  o f  tw o  sp ec tra , one can  e s ta b lish  
t h a t  th e  o b ta in e d  p ro d u c t com posed of a I ’e 11 com pound  (A E  =  3.1 m m /s, 
ô =  1.35 m m /s) an d  a F e  com pound ( A E  =  1.4 m m /s, d =  0 .48  m m /s),
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th is  l a t te r  b e ing  p re se n t in  g re a te r  q u a n t i ty .  T h e  un u su a lly  h igh  q u a d ru p o le  
sp littin g  o f  F e 11 com pound  in d ic a te s  t h a t  th e  charge  d is tr ib u tio n  a ro u n d  
th e  iro n  nu c leu s is ra th e r  a sy m m etric , w h ich , reg a rd in g  th e  3 d 5 s t ru c tu re  
of F e 111 can  be caused  on ly  b y  a g re a t m o le c u la r  a sym m etry .

A lso th e  sp ec tru m  o b ta in ed  a t  liq u id  a ir  te m p e ra tu re  (Fig. 2b) in d ic a te s  
th e  p resen ce  o f iro n  in  tw o d iffe ren t o x id a tio n  n u m b ers , am ong w h ich  th e

vtmm/sl

Fig. 4. The M össbauer spectrum  of î[basis iron(III) su lfate  a at room tem perature, b a
liqu id  air tem perature

Fig. 5. The tem perature dependence o f the reciprocal susceptib ility  of basic iro n (III) su lfate

F e " 1 com p o u n d  h as  an  in te rn a l m ag n e tic  f ie ld  o f  H  =  373 K O e. O n th e  b asis  
o f  m a g n e tic  su sc e p tib ility  m easu rem en ts  i t  cou ld  be estab lish ed  t h a t  th is  
com p o u n d  is an tife rro m ag m etic  an d  n o t fe rro m ag n e tic  ch a rac te r a t  l iq u id  a ir 
te m p e ra tu re , an d  i ts  Neel te m p e ra tu re  is a b o u t —80°C (Fig. 5).

On th e  basis o f  th e  above i t  seem s p ro b a b le  th a t  during  th e  th e rm a l 
decom p o sitio n  o f  F e S 0 4 • 4H 20  b asic  i r o n ( I I I )  su lfa te  Fe20 ( S 0 4)2 is fo rm ed . 
C o n seq u en tly , one p a r t  o f F e 11 is ox id ized  to  F e 111, and  th e  re m a in d e r  of 
F e "  is p ro b a b ly  in  th e  form  o f F e S 0 4 • 4 H 20 ,  as show n b y  th e  M ö ssb au er 
p a ra m e te rs  (see F ig . 2 and  T ab le  I). U sing  th e  ab o v e  assum ption , o n  th e  basis
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o f  th e rm o g ra v im e tr ic  d a ta  i t  can  be c a lc u la te d  t h a t  up to  200°C a b o u t 80 
m o le  p e r  c en t o f F e S 0 4 • 4 H 20  tran sfo rm s in to  F e 20 ( S 0 4)2 and  20 m o le  p e r  
c e n t rem a in s  u n c h a n g e d  F e S 0 4 • 4H 20 .

*
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INVESTIGATIONS ON THE HYDRATIONAL 
AND SOLVATIONAL CONDITIONS OF IRON(II)-SALT 

SOLUTIONS BY MÖSSBAUER EFFECT

A. V É R T E S

(D epartm ent o f  Physical Chemistry and Radiology, E ötvös L . U nivesity o f  Sciences)

R eceived M ay 30, 1968

M össbauer spectra of frozen iron (II)-sa lt solutions have been investigated . 
In the tw o- and three-com ponent solutions the change in the concentration o f the  
com ponents has brought about changes in the quadrupole sp litting, which, according  
to our assum ption, can be related to  the transform ations taking place in the hydrate  
indicating th a t in these solutions tw o types o f  iron-hydrate or solvate layers are in 
equilibrium.

It  could be concluded that M össbauer effect can be applied for the in vestigation  
o f hydrational and solvational conditions in so lutions containing M össbauer atom s.

Introduction

I t  h as  b een  d e m o n s tra te d  ea rlie r t h a t  M össbauer effect can  be  a d v a n 
tag eo u sly  u tiliz e d  fo r s tu d y in g  th e  c o o rd in a tio n  a n d  bon d in g  in  com plexes 
c o n ta in in g  M össbauer a to m s (e.g. F e , Sn) [1 — 6 ], fu r th e r  fo r in v e s tig a tin g  th e  
s tru c tu re  a n d  m ag n e tic  b eh av io u r o f c ry s ta l h y d ra te s  [7] an d  in  som e cases 
also fo r chem ical analysis  an d  s im u ltan eo u s  d e te rm in a tio n  of p o ly m o rp h o u s  
c ry s ta l m o d ifica tio n s  [8 ]. T h e  aim  o f th is  p a p e r  is to  d e m o n s tra te  w h a t p ro p 
erties o f  iro n (I I )  so lu tions can  be ex am in ed  b y  M össbauer effect.

T he ap p lic a b ility  o f th is  m e th o d  fo r th e  in v e s tig a tio n  o f so lu tions seem s 
to  be seriously  red u ced  b y  th e  fa c t t h a t  reco illess resonance  a b so rp tio n  can 
m erely  be p ro d u c e d  b y  c ry s ta ls , i.e. th e  M ö ssb au er sp ec tru m  o f so lu tio n s  
can  be reco rd ed  o n ly  a f te r  freezing  th e  so lu tio n s. W h en  assum ing , h o w ev er, 
th a t  th e  co m p o sitio n  o f th e  im m e d ia te  e n v iro n m e n t (th e  f irs t  lig an d  sp h ere) 
o f  th e  c e n tra l io n  (in th is  case th e  F e2+) does n o t  ch an g e  d u ring  ra p id  freezing  
w ith in  10 12 seconds — an d  th is  a ssu m p tio n  is p ro b a b ly  v a lied  — , on
th e  basis  o f  th e  M össbauer sp e c tru m  o f f reezed  so lu tio n  conclusions ca n  be 
d raw n  on th e  e n v iro n m e n t o f th e  M össbauer a to m s  in  th e  o rig inal so lu tio n ,
i. e. on th e  com position  o f th e ir  h y d ra te  an d  so lv a te  lay e r as well.

Experimental

T he e q u ip m e n t fo r reco rd ing  M össbauer sp e c tra , w hich o p e ra te s  in 
pu lse  m o d u la tio n  m ode an d  is co n n ec ted  to  a m u ltic h a n n e l a n a ly se r , has 
been  described  in  one o f o u r ea rlie r p ap e rs  [9]. A s ra d ia tio n  source, a 57Co 
iso tope , d iffused  in to  s ta in less steel w as used . T h e  v e lo c ity  vs. channel n u m b e r
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c a l ib r a t io n  w as p erfo rm ed  u s in g  F e S 0 4 • 7 H 20  ab so rb er, for w hich  th e  isom er 
s h if t  o n  room  te m p e ra tu re  is ô =  1.40 m m /s a n d  th e  q u ad ru p o le  s p lit t in g  is 
A E  =  3.2  m m /s. F o r th e  s p e c tra  so m an y  p u lses w ere collected  in  each  ch an n e l 
(10 000  — 60 000) th a t  th e  re q u ire d  M össba-uer p a ra m e te rs  could  b e  e v a lu a te d  
w ith  a  0 .05 m m /s p rec ision . T h erefo re  th e  p u lse  n u m b er is d iffe re n t in  each  
s p e c tru m , depend ing  on  th e  57F e  c o n te n t o f  th e  so lu tion .

T h e  ra p id  freezing  o f so lu tio n  sam ples w as ach ieved  b y  liq u id  a ir  an d  
a lso  th e  m easu rem en ts  w ere c a rr ie d  o u t a t  l iq u id  a ir  te m p e ra tu re  in  a c ry o s ta t  
m a d e  o f  p lastic  foam  “ H u n g a ro c e ll” .

T h e  chem icals u sed  w ere  o f a n a ly tic a l p u r ity . A n h y d ro u s FeC l2 w as 
p r e p a r e d  b y  h ea tin g  FeC l2 • 4 H 20  in  a v a c u u m  fu rn ace  a t  a b o u t 400°C for 
a few  h o u rs .

F o r  th e  F e S 0 4-c a p ro la c ta m e -H 20  sy s tem  F e S 0 4 was p re p a re d  b y  d isso lv 
in g  m e ta l l ic  iron  en rich ed  in  57F e to  80%  in  su lfu ric  acid , an d  th u s  even  in  
th e  c a se  o f  ra th e r  low  iro n  co n c e n tra tio n s  ( '~ 0.2 w /w % ) p ro p e rly  m easu rab le  
e ffe c ts  w ere  o b ta ined . T h e  iro n (I I )  p e rc h lo ra te —perch lo ric  ac id  so lu tio n s 
w ere  p re p a re d  b y  d isso lv in g  57F e  (m etal) in  perch lo ric  acid . I n  th e  o th e r 
cases  o rd in a ry  iron  w as u sed , a n d  co n seq u en tly  re la tiv e ly  h ig h er iro n  c o n c e n tra 
t io n  w a s  needed  to  o b ta in  m easu rab le  effec ts . I n  th e  m a jo rity  o f  cases solu-

m ole iro n  ( I I )  s a lt
t io n s  o f  co n cen tra tio n  a b o u t 1 -------------------------- w ere used . In  cases w here

1000 g so lv e n t
th is  c o n c e n tra tio n  cou ld  n o t  be  reach ed  d u e  to  th e  low so lu b ility , s a tu ra te d  
so lu tio n s  (w ith  re sp ec t to  F eC l2) w ere used .

T h e  o x id a tio n  o f i ro n ( I I )  w as p re v e n te d  b y  rem ov ing  o x ygen  fro m  th e  
s o lv e n ts  b y  bubb lin g  h y d ro g e n  th ro u g h  th e m  before d isso lv ing  FeC l2 an d  
also  b y  ca rry in g  o u t th e  d isso lu tio n  in  a  h y d ro g en  a tm o sp h e re . I n  m ore 
c o n c e n tr a te d  acetic  ac id  so lu tio n s th e  p a r t ia l  o x id a tio n  o f i ro n ( I I )  could  
n o t  b e  av o id ed  even b y  using  th e  above m e th o d , because som e o x ygen  rem ain s 
ev e n  a f te r  bub b lin g  h y d ro g e n  for 1 —2 h o u rs .

R esults

A q u eo u s so lu tions o f  FeC l2, F e S 0 4, Fe(C 104)2; an d  th re e -c o m p o n en t 
s y s te m s  FeC l2- L i C l - H 20 ,  FeC l2- K C l  H 20 ,  FeCl2- K F  H 20 ,  FeC l2 
N a F  — H 20  and  F e S 0 4-cap ro lac tam e(C 6H u N 0 )  — H 20  w ere in v e s tig a te d , in  
th e  l a t t e r s  LiCl, KC1, K F , N a F  a n d  C apro lac tam e w ere em ployed  fo r  d ec rea s
in g  th e  a c tiv ity  o f w a te r . I n  a d d itio n , th e  FeC l2—C H 3€ O O H — H 20  an d  
F e S O á— C H 3C O O H —H 20  sy s tem s w ere u sed . T h e  m ost im p o r ta n t  p a ra m e te rs  
o f  th e  M össbauer sp ec tra  o f  th e  above so lu tio n s (isom er sh ift ö a n d  q u a d ru p o le  
s p l i t t in g  A E )  are lis te d  in  T ab le  I .

T h e  change in  th e  v a lu e  o f isom er sh if t h as  scarcely  exceeded  th e  e rro r 
l im i t ;  th is  fac t is q u ite  u n d e rs ta n d a b le  b e cau se  th e  isom er sh if t d ep en d s  on

A c ta  Chim . Acad. Sei. H ung. 63, 1970
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Table I

No
C o m p o n en ts

Com position  
in  w eigh t %

M össbauer p a ra m e te r s  in 
m m /s  u n i ts n *“o

o f  th e  sy stem A E d

l FeCl, 10.58 3.28 1.42

H20 89.42

2 FeCl2 24.64 3.25 1.50
11,0 75.36

3 FeCl2 7.91

LiCl 24.50 3.26 1.50 0.57

H 20 67.59

4 FeCl, 6.91

LiCl 34.20 3.20 1.52 0.30

H20 58.89

5 F e d , 8.19

LiCl 37.80 3.30 1.40 0.24
H 20 54.01

6 FeCl2 6.31

LiCl 39.70 2.45 1.48 0.19
H 20 53.99

7 FeCl2 8.15

KC1 23.32 3.18 1.38 0.85

11,0 68.53

8 FeCl, 9.85

K F 6.31 3.18 1.52 0.96

H 20 83.84

9 FeCl, 9.80

N aF 6.73 3.24 1.50 0.95
H20 83.47

10 FeCl2 12.95

H C104 5.98 3.20 1.44 0.99
H ,0 81.07

11 FeCl, 8.54

н е ю . 14.90 3.28 1.48 0.92

H ,0 76.56

1 2 FeCl2 9.29

н е ю , 26.80 3.33 1.46 0.76

11,0 63.91

Acta Chim. Acad. Sei. Hung. 63, 1970
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Table I co n tin u ed

N o
C o m ponen ts

C o m position  
in  w e ig h t %

M össbauer p a ram e te rs  
m m /s u n its

a *

o f  th e  sy s tem A E Ô

13 FeCl2 3.46

ИС104 43.60 3.18 1.48 0 . 4 3

H20 52.94

14 Fe(C104 )2 0.55

HC104 7.69 3.33 1.46 0.95

15 Fe(C104 )2 0.81

HC104 69.23 3.28 1.50

H20 29.96

16 F eS 0 3 0.51

e-caprolactame 0.00 3.28 1.54 0.99

99.49

17 F eS 0 4 0.51

£-capro-lactame 41.20 3.18 1.54 0.86

H 2o 58.19

18 F eS 0 4 0.51

£-caprolactame 61.40 3.16 1.48 0.75

H 20 38.09

19 F eS 0 4 0.48

£-caprolactame 76.70 3.20 1.54 0.66

H 2o 22.82

20 ** F eS 0 4 0.48

£-caprolactame 76.70 1.94 1.56

1I20 22.82

21 FeCl2 11.75

CH3COOH 3.26 3.28 1.50

H20 84.99

22 FeCL 9.12

CH3COOII 7.22 3.22 1.53

H 20 83.66

23 FeCl2 11.23

CH3COOH 11.25 3.28 1.42

H20 77.52

24 F e€ l2 12.91

CH3COOH 29.43 3.26 1.40

H20 57.66

A cta  Chim. Acad. Sei. H ung. 63, 1970
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Table I continued

N o
C o m p o n e n ts

C o m p o sitio n  
in  w e ig h t  %

M ö ssb a u e r  
in  m m

p a ra m e te rs  
/s  u n its

a 0*

o f  th e  sy s te m A E Ô

25 FeCl2 9.41

CH3COOH 45.20 3.30 1.46

H 20 45.39 2.47

26 FeCl2 11.94 3.24

CH3COOH 60.70 2.56 1.52

H 20 27.36

27 F e d , 3.66 3.20

CHgCOOH 81.12 2.50 1.48

H 20 15.22

28 FeCIj 3.66

CH3COOH 96.34 2.43 1.44

H 20 0.00

29 F eS 0 4 11.60

CH3COOH 15.55 3.32 1.42

H 20 72.85

* W ater a c tiv ity  values were calculated using the osm otic  coefficient data from  literature  
[10]. For solutions containing caprolactame there are direct a 0 data published [11]. The a 0 values 
refer to solutions that do not contain iron salt.

** The solution was pre-heated at 70°C for 5 hours; the oxidation of F e2+ w as prevented  
hy adding some ascorbic acid.

th e  e lec tro n  d e n s ity  a t  th e  M össbauer n u c leu s ; on  th e  o th e r h an d , th e  chan g es 
ta k in g  p lace in  th e  h y d ra te  an d  so lv a te  la y e r  ca n  e v id e n tly  affect th e  e lec tro n  
d e n s ity  a t  th e  c e n tra l a to m  (w hich can  be  g iven  b y  th e  S ch rô d in g er w ave 
fu n c tio n , I у  (о) |2) o n ly  to  a neglig ib le e x te n t .  T h ere fo re  on th e  basis  o f  iso m er 
sh ift d a ta  one c a n n o t ex p ec t to  o b ta in  a n y  in fo rm a tio n  ab o u t th e  h y d ra te  
an d  so lv a te  lay e r.

T he v a lu e  o f  q u ad ru p o le  sp littin g , h o w ev e r, is de te rm ined  b y  th e  sy m 
m e try  o f  th e  ch arg e  d is tr ib u tio n  a ro u n d  th e  M össbauer nucleus, a n d  th is  can  
be in flu en ced  to  a g re a te r  e x te n t b y  th e  co m p o sitio n  and  sy m m e try  o f  th e  
h y d ra te  an d  so lv a te  lay e r. On th e  basis  o f  th e  ab o v e  fac t one m a y  assum e 
th a t  changes ta k in g  p lace in  h y d ra te  an d  so lv a te  layers are re fle c ted  in  th e  
value o f q u ad ru p o le  sp littin g . In  acco rd an ce  w ith  th is  assum ption  th e  changes 
found  in  th e  e x p e rim e n ta l resu lts  c o n ce rn in g  A E  exceed th e  e x p e rim e n ta l 
e rro r som etim es b y  one o rd e r o f m a g n itu d e . (See, e.g. th e  d ifference b e tw een  
m easu rem en ts  5 an d  6).

Acta Chim. Acad. Sei. H ung. 63, 1970
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D iscussion

O n  th e  basis o f  th e  ex p e rim en ta l r e s u lts  th e  follow ing co n c lu sio n s can 
b e  d ra w n :

T h e  M össbauer p a ra m e te rs  of a q u eo u s  iro n (II)  so lu tions c o n ta in in g  
d if fe re n t  an ions (Cl , SO4 , C104 ) are th e  sam e  w ith in  th e  e rro r  l im it ,  an d  
th e re fo re  i t  can be co n c lu d ed  w ith  g rea t p ro b a b il i ty  th a t  in  th e  ab o v e  so lu
t io n s  F e  ions are  p re se n t as hexaquo  io n s , i.e. th e  anions do n o t  ta k e  p a r t  
in  th e  fo rm a tio n  o f th e  in n e r  c o o rd in a tio n  sp h e re  a round  th e  F e2+ io n . T h is, 
o f  c o u rse , does n o t m ean  t h a t  th e  anions m a y  n e ith e r  be p resen t in  th e  fu r th e r , 
se c o n d  o r th ird  spheres, since  an  an ion  e ffec t ta k in g  place in  second  o r th ird  
sp h e re s  does n o t a p p e a r in  th e  q u ad ru p o le  sp littin g .

- 2 - 1  0 1 2 3 4 v.mm/s

T h e  F e(H 20 )« + co m p lex  ions rem a in  u n ch an g ed  even h y  in c rea s in g  
th e  i ro n ( I I )  sa lt c o n c e n tra tio n  con sid erab ly  since  th e  A E  and  6 v a lu e s  o f  s a tu 
r a te d  F eC l3 so lu tion  (m e a su re m e n t 2) a re  th e  sam e as th e  M össbauer p a r a 
m e te rs  o f  FeClo so lu tion  o f 10 58 w eight p e r c e n t co n cen tra tio n  (m e a su re m e n t
1) a n d  m o reo v er as th o se  o f  th e  0.5 w eigh t p e r  c e n t F e S 0 4 so lu tio n  (m e a su re 
m e n t 16).

In  th e  case, how ever, w hen  th e  a c t iv i ty  o f  w a te r (a0) is d ec reased  som e
h o w , i t  is  possible to  reach  an  a 0 v a lue  w here th e  A E  value of th e  so lu tio n  c h a n 
ges, in d ic a tin g  ce rta in  ch an g e  in  th e  h y d ra te  la y e r  of th e  F e2+ io n . I f  LiCl 
is u s e d  fo r decreasing  a n (m easu rem en ts  3 — 6) th is  change ta k e s  p lace  a t  
a b o u t  a 0 =  0.2 (m easu rem en t 6). I t  seem s p ro b a b le  th a t  th is  d ec rea se  in  
A E  is b ro u g h t ab o u t b y  th e  fa c t th a t  am o n g  th e  6 coo rd ination  p laces  o f  th e  
iro n  tw o  is a lread y  rep laced  b y  Cl~ ions a t  o 0 <  0.2 . T his a ssu m p tio n  is s u p p o r
te d  b y  th e  ten d en cy  o f A E  change , w hich c a n  he  fairly  c o rre la ted  w ith  th e  
r e la t iv e ly  h igh  n ep h e lo au x e tic  effect of c h lo rin e  [5].

A cta  Chim . Acad. Sei. Hung. 63, 1970

F ig. 1. The Mössbauer spectra o f  three-com ponent system s FeCL— LiCl— II,O . a )  FeCL: 
24.64 w % , LiCl: 0.00 w°.... H 20 :  75.36 w% , b) FeCL: 6.91 w°/„, LiCl: 34.20 w% . FLO: 58.89 w% , 

c) FeCL: 6.31 w % , LiCl: 39.70 w % , FLO: 53.99 w%
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I t  is re m a rk a b le  th a t  th e  exchange o f H 20  m olecu les to  Cl-  ions ta k e s  
p lace stepw ise a n d  n o t co n tin u o u s ly  w ith  th e  d ec rease  o f a 0 values. T h is  fa c t 
is in  co rre la tio n  w ith  th e  e x p e rim en ta l re su lts  w h ere  th e  a c tiv ity  o f  w a te r  
w as decreased  b y  KC1 (m easu rem en t 7), K F  (m e a su re m e n t 8), N aF  (m e a su re 
m en t 9), H C 104 (m easu rem en t 10 15) an d  C apro lac tam e (m easu rem en ts
17 —19). In  th e se  cases th e  a 0 =  0.2 va lu e  cou ld  n o t  be a tta in e d  (d em an d in g  
th a t  th e re  sh o u ld  be d isso lved  iro n (I I )  sa lt in  q u a n t i ty  ensu ring  an y  M ö ssb au er 
effect); th e re fo re  in  these  so lu tio n s  th e  A E  v a lu es  rem ain ed  u n ch an g ed . As 
we h av e  n o t fo u n d  an y  d a ta  re g a rd in g  th e  o sm o tic  coeffic ien t o f c o n c e n tra te d  
perch lo ric  acid  so lu tion  (N o. 15), its  a 0 va lu e  cou ld  n o t  be ca lcu la ted .

O ur a ssu m p tio n  concern ing  th e  co rre la tio n  be tw een  A E  change a n d  th e  
d issociation  o f  h y d ra te  la y e r  is su p p o rte d  b y  th e  re su lts  o f m easu rem en t 20 , 
too . A ccord ing  to  th is  e x p e rim e n t, in a C apro lactam e so lu tio n  of ab o u t ~ 3 0 M  =  
=  m ole/1000 g so lven t c o n c e n tra tio n , h e a te d  to  70°C d u rin g  5 hours (w here 
a considerab le  p o ly m eriza tio n  o f C apro lactam e h as  ta k e n  place re su ltin g  in  
gelation  an d  th ro u g h  th is  th e  loosen ing  o f h y d ra te  lay e r) th e  v alue  o f  q u a d - 
rupo le  sp lit t in g  decreased  b y  a b o u t 40 p er c en t (F ig . 2).

As p u b lish ed  a u va lu es  or o sm otic  co effic ien ts  o f  acetic  acid  so lu tio n s  
have  n o t been  ava ilab le , T ab le  1 does n o t in c lu d e  d a ta  on w a te r a c t iv i ty  in 
FeCl2— C H 3C O O H  H 20  sy s tem s (m easu rem en ts  21 28).

On th e  basis  of th e  m e a su re m e n ts  on ace tic  ac id  system s s im ila rly  th e  
presence o f  F e (H 20);l4 ions can  he assum ed  u p  to  a b o u t 40 w eight p e r  c en t 
C H 3COOH c o n te n t (F ig . 3a). In  th e  so lu tio n  c o n ta in in g  45.20 w eight p er 
cen t ace tic  ac id , how ever, a n o th e r  ty p e  o f  sp e c tru m  ap p ears , to o , w ith  
A E  -- 2.47 m m /s q u ad ru p o le  sp littin g  (m e a su re m e n t 25), th e  in te n s i ty  of 
w hich am o u n ts  to  10 15%  o f th e  e n tire  sp e c tru m , i.e. in  th e  so lu tion  10— 15%
of th e  to ta l  i r o n ( l l )  c o n te n t is n o t in  h ex aq u o -co m p lex  (see Fig. 3b). In  a n h y 
drous glacial ace tic  acid th e  w hole iro n (II)  c o n te n t  o f  th e  solu tion  g ives rise

Acta Chim. Acad. Sei. Hung. 63, 1970

Fig. 2. M össbauer spectra of the three-com ponent system  F eSO , 0.48 w% — c-caprolactam e  
76.70 w 0;, H20  22.82 w% : a )  w ithout heating, b) after heating at 70°C for 5 hours
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to  M ö ssb au e r sp e c tru m  o f such , re la tiv e ly  low  q u ad ru p o le  s p li t t in g  ( A E  =  
=  2 .4 3  m m /s; F ig . 3c an d  m e a su re m e n t 28). F ro m  th is  fa c t i t  seem s v e ry  
p ro b a b le  t h a t  in  C H 3C O O H  so lu tions o f  h ig h e r th a n  a b o u t 45 w eig h t p er 
c e n t  c o n c e n tra tio n  also a n o th e r  iro n ( I I )  co m p lex  is p re sen t; a n d  w hile  in c rea s
in g  th e  ace tic  acid  c o n c e n tra tio n  th e  c o n c e n tra tio n  of th e  l a t t e r  com plex  
in c re a se s  a t  th e  expense  o f  th e  h ex aq u o -co m p lex , an d  f in a lly , in  an h y d ro u s  
g la c ia l ace tic  acid  on ly  th is  la t te r  co m p lex  — pro b ab le  FeC l2 • 4 C H 3CO O H  — 
is e x is tin g . T he p ro b a b ili ty  o f  th is  s t ru c tu re  is increased  b y  th e  f a c t  t h a t  th e  
d ie le c tr ic  c o n s ta n t o f g lac ia l ace tic  ac id  is £ =  6.29 (w hile t h a t  o f  w a te r  is

Fig. 3.  M össbauer param eters o f  three-com ponent system s FeCl2— CH3COOH— H 20 :  a)  FeCl,: 
12.91 w % , AcO H: 29.43 w % , H20 :  57.66 w % , b)  FeCl2: 9.41 w%, AcOH: 45.20 w % , H ,0 :  

45.39 w% , c) FeCl2: 3.66 w% , A cO H : 96.“34 w% , H20 :  0.00 w%

e H 2o  =  80) an d , acco rd ing ly , th e  d isso c ia tio n  c o n s ta n t (Ka)  o f  sa lts  (e.g. 
L iC l, KC1) d issolved in  g lacial ace tic  ac id  is a b o u t 1 0 ~ 6— 10 _7 [12].

I t  is w orthw hile  to  n o te  th a t  in  a c e tic  ac id  so lu tions c o n ta in in g  m ore 
th a n  50 w eig h t p e r c en t o f C H 3C O O H  th e  so lu b ility  o f FeC l2 is su rp ris in g ly  
low , a n d  as a consequence th e  in te n s ity  o f  M össbauer sp e c tra  m easu red  in 
th is  c o n c e n tra tio n  ran g e  is v e ry  w eak . D u e  to  th is  fa c t d ifficu ltie s  a rise  in  
e v a lu a t in g  th e  sp e c tra ; th e re fo re  th e  e rro r  o f  m easu rem en ts 26 — 28 ( ^ 0 .0 8  
m m /s) s lig h tly  exceeds th a t  o f th e  fo rm er ex p erim en ts . T h is fa c t, how ever, 
h a s  n o th in g  to  do w ith  th e  above  s ta te m e n ts  because th e  d ifference  betw een  
th e  tw o  ty p e s  o f A E  is even  in  th is  case g re a te r  b y  an  o rd e r o f  m a g n itu d e  
th a n  th e  ex p e rim en ta l e rro r.

I n  one  ex p e rim en t (m easu rem en t 29) — in  re la tiv e ly  d ilu te  ace tic  acid 
s o lu tio n  — F e S 0 4 w as d isso lved  in s te a d  o f  FeC l2. T he resu lts  o b ta in e d  do n o t 
in d ic a te  a n y  an ion  effec t, c o n seq u en tly  on  d isso lv ing  F e S 0 4 also in  th is  case 
F e (H 20 )e  ions are  fo rm ed .

I w ould  like to express m y thanks to Mrs. L. S u ba  for her conscientious and precise 
work, a n d  to Miss K . Go rd o n  for drawing the figures.

A c ta  C h im . A ca d . Sei. H u n g . 63 , 1970



V É R T E S: MÖSSBAUER EFFEC T 17

R E F E R E N C E S

1. K e r l e r , W., N e u w ir t h , W .: Z. P hys. 167, 176 (1962)
2. H e r b e r , R . H ., K in g s t o n , W . R ., W e r t h w im , G. K .: Inorg. Chem. 3, 101 (1964)
3. G o l d a n s k ij , V. I., Rotsev, Y. J ., Chrapov, Y. V.: Doki. Akad. Nauk. SSSR 156, 909

(1964)
4. B u r g e r , K.: M odern koordinációs kém iai vizsgáló m ódszerek (in H ungarian) A kadém iai

K iadó, Budapest, 1967
5. B u r g e r , К ., Vé r t e s , A ., P a p p  M o ln á r , Б.: A cta Chim. A cad. Sei. H ung., 57, 257 (1967)
6. V é r t e s , A ., T a rn ó czy , T ., P a p p  M o ln á r , Б ., B u r g e r , К ., E g y e d , С. L.: A cta . Chim.

Acad. Sei. H ung., 59, 19 (1969)
7. V é r t e s , A ., Sz é k e l y , T ., T a rn ó czy , T.: A cta Chim. A cad. Sei. H ung. 63, 1 (1970)
8. D É zsi, I., V é r t e s , A ., K is s , L.: M agy. Kém . Folyóirat 73, 421 (1967)
9. S o ó s , J ., V é r t e s , A.: M agyar K ém ikusok Lapja, 23, 690 (1968)

10. R o b in s o n , R. A ., S t o k e s , R . H.: E lectrolytic  Solutions. B utterw orths Scien tific  Puhl.
London, 1959

11. E r d e y -G rűz , T., G o lo pe n c z a  B a jo r , O., Ga lly a s , M.: M agy. K ém . F olyó irat 72, 501
(1966)

12. J a n d e r , G., Sp a n d a u , H ., A d d is s o n , C. C.: Chemie in nichtw ässrigen ionisierenden Lö
sungsm itteln. B and IV. Akadem ie-Verlag, Berlin, 1963

A tti la  Vé r t e s; B u d a p e s t V III . ,  P u sk in  u. 11 — 13.

2 Acta Chim. Acad. Sei. Hung. 63 , 1970





Acta Chimica Academiae Scientiarum Hungaricae, Tomus 63 (1) ,  pp. 19 51 (1970)

SPECTROSCOPY OF DIFFUSE SCATTERING SYSTEMS, I
D E P E N D E N C E  OF OPTICAL DATA ON T H E  Q U A N T IT Y  OK TH E SA M PLE

J .  H u s z á r

( Spectroscopic Laboratory, M in istry  o f  the Interior)

Received May 27, 1968

In this apper the author deals w ith relations o f measured optical data and the  
qu antity  o f a scattering sam ple. Under defined conditions the scattering sam ples  
on paper basis can be considered as “ quasi-hom ogeneous” ones. Parallelism s in  the  
dependence of rem ission and transm ission values on substance quantity were in v es
tigated . R elation “ A ” was expressed; also the “ critical quantities” , their form al and 
substantial characteristics and the special optical param eter of samples w ith q u antities  
greater than the critical (z1r value) were determ ined. V alid ity  range of the relations  
w as discussed.

Introduction

C h arac te ris tic s  o f o p tica lly  diffuse s c a tte r in g  system s ( fu r th e r  on: 
sc a tte r in g  system s) can be a t t r ib u te d  to  sc a tte r in g  ph en o m en a . The fu n d a m e n 
ta l p rocesses o f  s c a tte r in g  (firs t o f all: re flec tio n  an d  refrac tion ) o ccu r on 
in te rfaces  o f phases o f d iffe ren t re frac tiv e  in d ex es . T he d irection  o f  p h o to n s  
becom es a lte red . So d iffuse sc a tte rin g  m ean s a m u ltip le  a lte ra tio n  o f  th e  
d irec tio n  o f a b eam , in  ev ery  d irec tion  o f space.

G re a t v a r ie ty  o f  sam ples show  th is  p h en o m en o n . S ca tte rin g  sy stem s 
are  th e  a tm o sp h e re , h y d ro sp h ere , e a rth s ; f lo ra l an d  an im al cell sy s tem s, 
leaves, b lood ; ev e ry  em ulsion  an d  suspension ; severa l in d u s tr ia l p ro d u c ts  
(e.g. te x ti le  fab rics , p ap ers , p r in te d  m a tte rs , p a in ts , ceram ics, m ost o f  foods 
and  m ed ic ines, e tc .). All ca rrie rs  used fo r c h ro m a to g ra p h ic , e le c tro p h o re tic  
or sp o t te s t  analy sis  a re , w ith  no ex cep tions, s c a tte r in g  system s. H u g e  m a jo r 
ity  o f  th e  v isib le  o b jec ts  in  our w orld  fo rm s sc a tte r in g  system s, as d iffuse 
s c a tte r in g  is one o f th e  fu n d a m e n ta l co n d itio n s o f  v is ib ility  of shapes.

S p ec tro sco p y  o f sc a tte r in g  system s is an  in d e p e n d e n t p a r t  o f a b so rp tio n  
sp ec tro sco p y  [7]. S c a tte r in g  as co m p ared  to  sca tte rin g less  co n d itio n s  
a lte rs  th e  p ro b a b ility  o f th e  ab so rp tio n  p rocesses. F o rm u la tio n  o f th e  a b so rp 
tio n  sp e c tru m , its  m easu rem en t an d  e v a lu a tio n  a re  ca rried  ou t u n d e r  c o n s id 
e rab ly  d iffe ren t, m ore  co m plica ted  co n d itio n s th a n  in  th e  classical a b so rp 
tio n  sp ec tro sco p y .

2* Acta Chim. Acad. Sei. Hung. 63, 1970
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M easuring parameters and data o f  scattering samples

In  th e  spectroscopic literature d ifferent, even contradictory sym bols 
are u sed . I t  is reasonable to d ifferentiate betw een  m easuring param eters, m easur
in g  d a ta  and working param eters.

M ea su r in g  param eters

M easu rin g  p a ra m e te rs  can  be  d iv id ed  in to  th re e  g roups:
a)  In te rn a l  p a ra m e te rs  are  th e  p ro p e rtie s  o f th e  co m p o n en ts  a n d  th e  

s y s te m , in flu en c in g  th e  o p tic a l c h a ra c te ris tic s  o f th e  sc a tte rin g  sy s tem .
b)  Q u a n tita tiv e  c h a ra c te r is tic s : q u a n t i ty  of th e  to ta l  sam p le , and  

q u a n t i t y  o f  th e  in d iv id u a l co m p o n en ts  (e.g. ca rr ie r , dye, e tc .).
c )  E x te rn a l  p a ra m e te rs  in c lu d e  th e  co n d itio n s  of th e  i l lu m in a tio n  an d  

o b s e rv a tio n  o f th e  o p tica l m e a su re m e n t ( in s tru m e n ta l cond itions).
T h e  m easu ring  p a ra m e te rs  (these  th re e  g roups to g e th e r) d e te rm in e  th e  

c o n te n t  o f  th e  m easu ring  d a ta .  In  T ab le  I  th e  ran g e  of m easu rin g  p a ra m e te rs  
r e fe r re d  to  in  th is  series o f p a p e rs  is su m m arized .

Table I
M easuring param eters o f the scattering sample 

I Characteristics o f com ponents
. — geometric data o f  dispersed particles (size o f particles, shape of particles)

§  ! — material constants o f components
'S I — absorption coefficient (e.g. £x-i-> çfc2 :> • • •)
S — refractive index (п^.г ; n^.2; . . .)
£ Characteristics o f the system
P- — structural characteristics

'"я — uniform ity of size and shape o f the dispersed particles (by com ponents)
S — uniform ity o f  distribution of com ponents
g  — type ° f  location  of the com ponents
>—< Î — optical characteristics

I — diffuse-scattering (m ultiple change o f direction of photons)
— absorption (jo int result o f ligh t absorption of the individual com ponents)

Q u a n tita tive
character
istics

Substance q u a n tity  o f th e  sam ple 
Q u an tity  o f th e  in d iv id u a l com ponents

T ype of illu m in a tio n  a n d  observation  
-  diffuse o r d irec ted  

— com plex or m o n o ch ro m atic  
I — polarized or non-polarized  

Size of illu m in a ted  a rea  o f th e  sam ple
O ptical a rran g em en t (d e term in ing  th e  in s tru m e n ta l constan t) 
S ensitiv ity  o f th e  in s tru m e n t

D ata  o f  measurement

O nly  the quantitative data o f  the scatterin g  sample and the optical 
characteristics of the to ta l sam ple are d irectly  m easurable. They form  a related  
pair o f  va lu es o f quan tita tive — optical character.

A cta  Chim . Acad. Sei. Hung. 63, 1970
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In  m o st cases th e  o th e r  in te rn a l p a ra m e te rs  can  be d irec tly  m e a su re d  
on ly  o u t o f  th e  s c a tte r in g  sy s tem . In  th e  s c a tte r in g  sam ple  th e ir  o p tic a l e ffec t 
does n o t a p p e a r  s e p a ra te ly , b u t  com bined  w ith  m a n y  o th e r fac to rs . S tu d ie s  
should  be ca rried  o u t  on  rev ea lin g  th e  p o ss ib ility  o f  th e ir  d e te rm in a tio n  on  
th e  base o f  o p tic a l m easu rin g  d a ta  (e.g. d e te rm in a tio n  o f £* of th e  a b so rb in g  
su b stan ce  in  th e  s c a tte r in g  sam ple).

a)  Q u a n ti ta t iv e  d a ta :  th e y  are  c h a ra c te r is tic  to  th e  q u a n tity  o f th e  m a te 
r ia l show ing in te ra c tio n  w ith  ligh t.

T he ap p lied  u n i t  o f m easu rem en t is s tro n g ly  d ep en d en t on th e  ty p e  o f 
th e  sam ple. U se o f  d iffe re n t u n its  m ay  be a d v a n ta g e o u s  in  th e  case  o f  th e  
sc a tte r in g  sam ple  a n d  th e  in d iv id u a l c o m p o n en ts . F o r exam ple, in  co lo red  
m a te ria ls  th e  q u a n t i ty  o f  th e  dye is u su a lly  sm a lle r  th a n  th e  a c c u ra c y  of 
d e te rm in a tio n  o f  th e  q u a n t i ty  o f  th e  carrie r. T h e  ap p licab ility  o f  d a ta  o b 
ta in e d  b y  u su a l m easu rem en ts  o f m echan ical c h a ra c te r  on high q u a n t i t ie s  o f 
sam ples, an d  th e  a p p ro p ria te n es s  o f use o f a b so lu te  o r specific d a ta  m u s t  be 
decided  a f te r  consid erin g  th e  ac tu a l ty p e  o f sa m p le  an d  in v es tig a tio n .

b)  T h e  o p tic a l d a ta  (d a ta  of rem ission a n d  transm ission ) give in fo rm a 
tio n s on th e  re su lts  o f  o p tic a l in te rac tio n s .

T he n o n -ab so rb ed  p h o to n s  are  rem oved  f ro m  th e  sam ple b y  s c a tte r in g , 
th ro u g h  one o f  th e  su rfaces. V alues o f rem issio n  a n d  transm issio n  in d ic a te  
th e  sam e in te ra c tio n s . H ow ever, th e  op tica l c h a ra c te r is tic s  of th e  sa m p le  can  
be o bserved  in  d iffe re n t degrees and  from  d if fe re n t p o in ts  o f view  b y  m e a n s  
o f th is  tw o  ty p e s  o f  m easu rem en t.

T he ra d ia tio n  p ro v id in g  op tica l d a ta  c a n  a lw ay s  be reduced  to  se v e ra l 
com ponen ts [34], w h ich  ta k e  p a r t  in  th e  a b s o rp tio n  in te rac tio n s in  d if fe re n t 
degrees; an d  th e ir  ra tio  dep en d s on m an y  fa c to rs  (e.g. ty p e  of sam ple , q u a n t i ty  
of sam ple, degree o f  s c a tte r in g —ab so rp tio n , e tc .) .

C om ponen ts o f  th e  d iffu se -rem itted  ra d ia t io n  a re : “ ex te rn a l c o m p o n e n t”  
(sum  o f ray s  re f le c ted  “ re g u la rly ”  from  th e  su rfa c e , n o t being passed  th ro u g h  
an y  p a rtic le ) an d  th e  “ in te rn a l co m p o n en t”  ( ra y s  passing  re p ea ted ly  th ro u g h  
th e  p a rtic le s  o f  th e  lay e r).

C om ponen ts o f  d iffu se -tra n sm itte d  ra d ia t io n  a re : rays passing  th ro u g h  
th e  lay e r b e tw een  th e  p a rtic le s ; tho se  p assin g  th ro u g h  th e  p a rtic le s  in  u n a l
te red  d irec tio n ; ra y s  passin g  th ro u g h  th e  p a r tic le s  w ith  m u ltip le  c h a n g e  of 
d irec tion .

So v e ry  com plex  in fo rm a tio n  is re su lte d  from  th e  op tica l d a ta  o f  a 
sc a tte r in g  sam ple .

c)  O ne o f  th e  fu n d a m e n ta l p roblem s o f  sp e c tro p h o to m e try  o f  s c a tte r in g  
system s is th e  d ep en d en ce  o f th e  o p tica l d a ta  on  th e  q u a n tity  of th e  m a te r ia l .  
In v e s tig a tio n  o f  th is  q u estio n  f irs t  resu lts  in  em p irica l re la tions, d isco v e rin g  
th e  d irec t re la tio n sh ip  ex is tin g  betw een  th e  tw o  para lle l m easu rab le  g ro u p s 
of d a ta . I ts  im p o rta n c e  is due  to  th e  fa c t t h a t  s tu d ie s  of all th e  o th e r  p o in ts
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(e.g. e ffe c t o f th e  m e a su rin g  p a ram e te rs , th e i r  in te rac tio n s, g en e ra l re la tio n 
sh ip s)  a re  based  on th e  o p tic a l d a ta  o f an  a c tu a l  q u a n tity  of m a te r ia l  ( s c a tte r 
in g  sy s te m ).

Review of the  l i te ra tu re

L ite ra tu re  of th e  o p tic a l c h a ra c te ris tic s  o f  sca tte rin g  sam p les  a n d  th e ir  
in v e s t ig a tio n  is v e ry  e x te n d e d  and  v a r io u s . Several com p reh en siv e  papers 
a re  a v a ila b le  [15, 17, 20, 21, 30, 34, 37, 4 2 ]. R esu lts  and p rob lem s in d ic a te  a 
b e g in n in g  phase in  th is  b ra n c h  of sp ec tro sco p y .

A  g re a t n u m b er o f  sc ien tis ts  have s tu d ie d  th e  sca tte rin g  sy s te m s . H ow 
e v e r , n o  one o f th e  th eo rie s  could  ta k e  all th e  in fluenc ing  fac to rs in to  consid
e r a t io n  because of th e  co m p lex ity  of th e s e  fac to rs  de te rm in in g  th e  o p tica l 
b e h a v io u r  o f th e  s c a tte r in g  sam ples (T able  I ) . T h e  v a lid ity  an d  a p p lic a b ility  
ra n g e  o f  a given th e o ry  is d e te rm in ed  by  th e  sim plifica tions a n d  n eg lec tions 
in c lu d e d  b y  th e  p h y sica l assu m p tio n s a n d  th e  selected “ w o rk in g ”  p a ra 
m e te rs .

In  rev iew ing  th e  th eo rie s  we w a n t to  p o in t ou t th e  re la tio n s  to  th e  
q u a n t i t ie s  o f th e  m a te r ia l.

Theories on diffuse-reflection*

T h e  re la tiv e ly  m o st g enera l and  m o s t ex te n d e d  theories a re  b a sed  on 
d e te rm in a tio n  of p h o to m e tr ic  ch a rac te ris tic s  o f  th e  lig h t reflected b y  th e  sam ple.

a )  M ost of th e  th eo rie s  dealing  w ith  d iffu se  reflections — th o u g h  show ing 
g re a t  v a r ie ty  of e x p la n a to ry  form s — are  b a se d  on th e  th e o ry  o f G urevic  — 
K u b e l k a  — Munk  (d a ta  o f e lab o ra tio n : 1930 — 1931; fu n d am en ta l p u b lic a 
t io n s :  [11 , 22, 23, 24, 27]). P rem ise  c o n d itio n s  o f  th e  GKM th e o ry :

— ideal-hypothetic sam ple (J u d d ’s term  [16]): hom ogeneous, isotropic  
m ed iu m , uniform ly d istributed  scattering and absorbing properties, plan- 
paralle l surface

— dim ension  o f th e  sam p le : p ra c tic a lly  in f in ite  in  th e  Y Z p la n e  (edge 
e ffec ts  a re  negligible); th ic k n e ss  of th e  lay e r is h ig h  enough to  re su lt  in  p ra c t i 
ca lly  n o n - tra n s p a re n t sam p le

— diffuse illu m in a tio n  b y  m o n o ch ro m a tic  ligh t
l ig h t p a th  can  be rep re sen ted  in  a s im p lified  m anner b y  tw o  co m p o 

n e n ts  o f  oppo site  d irec tio n , p e rp en d icu la r to  th e  surface of th e  sam p le .
R e la tio n sh ip  w as d ed u ced  betw een  o n e  single m easured  d a tu m  ( R m 

re m iss io n  o f a sam ple o f d ^ lay e r th ick n ess) a n d  tw o “ w orking”  p a ra m e te rs  
( K  a n d  S ,  co n stan ts  c h a ra c te r is tic  of a b so rp tio n  an d  sca tte rin g  o f  a la y e r  of 
u n i t  th ic k n e s s ) :  , ,  „

.ft к , -(1 " :
8  2 R ,

*In  the literature '■‘diffuse-reflection” is often  used in the same sense as rem ission.
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A pply ing  R œ th e  p rob lem  co n n ec ted  to  th e  q u a n ti ty  of th e  su b s ta n c e  
is a c tu a lly  e lim in a ted  (change o f la y e r  th ick n ess  o f th e  m easu red  sam p le  will 
n o t a ffec t th e  d a ta  of rem ission).

T he R a fu n c tio n  gives th e  q u o tie n t o f tw o c o n s ta n ts . T h is  re la tio n  
c o n ta in s  no a ssu m p tio n s  re g a rd in g  th e  m em bers o f th e  q u o tie n t (on ly  th e ir  
in d ep en d en ce  from  th e  q u a n t i ty  o f  th e  m a te r ia l is supposed).

I t  is su p p o sed  [18] th a t  d ep en d en ce  o f th e  sc a tte rin g  co effic ien t on 
w av e len g th  is neg lig ib le  for sm all ab so rp tio n  values:

К  ~  e* • const.

This relation is thought to  be suitable for quantitative determ ination  
o f low -absorbing m aterials. Therefore K ortÜm “ d ilutes” the strongly  absorb
ing powder sam ples w ith a chem ically  in active “ w hite” substance [20, 21].

P ara lle l illu m in a tio n  o f  *  =  0 angle w as s tu d ied  b y  R y d e  [31 ] ,  his 
e q u a tio n s  can u lt im a te ly  be considered  id e n tic a l w ith  th e  G K M  fu n c tio n s .

R em ission d a ta  of sam ples h av in g  s ig n ifican t tran sm issio n  a re  d e p e n d 
e n t on  th e  q u a n t i ty  of th e  sam ple  an d  th e  “ b ack g ro u n d ”  b eh in d  th e m  (th is  
can  re tu rn  th e  tra n s m it te d  p h o to n s  in to  th e  sam ple, in creasin g  so th e  va lu e  
o f  rem ission). M any  fu n c tio n s w ere developed  for rem ission o f  s c a tte r in g  
sam ples o f “ d e fin ite  lay er th ic k n e ss”  [42]. In  these  re la tio n s  th e  n u m b e r 
o f  lay e rs  (1 an d  o o )  and  d a ta  o f th e  b ack g ro u n d  (a b lack  or w h ite  m ed ium ) 
se rv e  to  set th e  m easu ring  co n d itio n s. H ow ever, no sy s te m a tic  s tu d y  o f  th e  
d ep en d en ce  of th e m  on th e  q u a n t i ty  o f th e  m a te ria l w as ca rr ied  o u t  y e t. 
S t e n i u s  [36] in v e s tig a te d  th e  d ep en d en ce  o f  sc a tte rin g  coeffic ien ts o f  p ap ers  
on th e  sq u are  w eigh t. T he o b ta in e d  n o n lin ea r cu rve  w as ex p la in ed  b y  th e  
d iffe re n t s c a tte r in g  coefficien ts o f  th e  su rface  an d  cen tra l lay ers  o f  th e  sam ple .

b)  T he th e o ry  of p la n p a ra lle l lay e rs  w as developed  in th e  f if tie s  o f  th is  
c e n tu ry  [2, 3, 24, 33, 37].* L ig h t re flec tio n  o f a real sc a tte r in g  la y e r  w as su p 
posed  to  be e q u iv a le n t to  re flec tio n  on a series o f layers, th e  th ic k n e ss  o f  th e  
in d iv id u a l layers be ing  eq u a l to  th e  av erag e  d iam e te r  o f th e  s c a tte r in g  cen tres . 
L ig h t is p a r t ly  re flec ted  on each  su rface  (accord ing  to  th e  re flec tio n  coeffi
c ie n t) , p a r t ly  ab so rp tio n  o f d e fin ite  degree occurs while passing  th ro u g h  th e  
lay e r. Some a u th o rs  nam e th is  e x p la n a tio n  as “ s ta tis t ic a l”  [42], o th e rs  as 
“ fa c to r ia l”  [32] one. I ts  e q u a tio n s  are  b ased  on th e  o p tica l c o n s ta n ts  o f  th e  
in d iv id u a l p a rtic le s  an d  on R  a n d  T  d a ta  o f th e  in d iv id u a l lay e r.

T he “ B la tts to ss -T h eo rie”  b y  S c h m id t  [32] is based  on th e  in v e s tig a 
tio n  o f a p a p e r “ sh e e t-p a c k e t”  o f  ch angeab le  n u m b er o f layers. D ep en d en ce  
o f  rem ission  v a lu es  on th ick n ess  is ded u ced  from  rem ission o f th e  b u ild in g -u p

"“S ta r tin g  p o in ts  of th e  th eo ry  o f p lan p a ra lle l layers were developed  b y  St o k e s  in 
1860. H ow ever, his eq u a tio n s  c an n o t h e  used  fo r p ra c tic a l purposes because  of th e ir  co m p lex ity .
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la y e rs . I ts  fu n d a m e n ta l id ea  — m odelled  b y  p la n p a ra lle l lay ers  — is th e  fo l
low ing :

----- -— =  co n st. w here  A n — R n+i — R n
d n+1

A n v a lu e  is th e  d iffe ren ce  in  rem ission o f sh e e t p a c k e ts  o f n e ig h b o u rin g  lay e r 
n u m b e rs . A ccord ing  to  S c h m i d t , th e  q u o tie n t  o f  th e  succeeding  A n va lu es  
is c o n s ta n t an d  i t  d ep e n d s  on  th e  rem ission  a n d  tra n sm iss io n  o f th e  in d iv id u a l 
la y e r  o n ly . T he a u th o r  s ta te d  th a t  th e  c o n te n t  o f  h is fo rm ulas is id e n tic a l 
w ith  t h a t  o f th e  G K M  th e o ry , b u t  in  a m o re  sim p le  form .

c)  S everal p a p e rs  d ea l w ith  th e  p ra c tic a l s tu d y  an d  ap p lica tio n  o f th e  
tw o  m ain  groups o f  th e o ry . Such su b jec ts  a re  th e  fo llow ing:

— substitu tion  o f com plicated equations b y  charts or nom ogram s
[5, 6 , 16]

—- a d ju s tm e n t o f  ex p erim en ta l co n d itio n s  to  th e  th e o re tic a l s ta r t in g  
p o in ts  [21]

— d e te rm in a tio n  o f  th e  lim it o f v a lid i ty  fo r c e r ta in  ty p e s  o f sc a tte r in g  
sam p les  [15, 34].

In  science a n d  p ra c tic e  alike in creases  th e  ap p lic a tio n  ran g e  o f th e se  
m e th o d s .

d )  Ivanov [15] su m m arized  th e  e ffic iency  o f  th eo rie s  based  on m easu re 
m e n t o f  rem ission as fo llow s:

—- T hese th e o rie s  em phasize  on ly  one o f  th e  im p o r ta n t  p h o to m e tric  
c h a ra c te r is tic s  o f a s c a tte r in g  sam ple, th e  o th e rs  (tran sm issio n , p o la riza tio n  
p ro p e rtie s , s tru c tu re  o f  ang le  d is tr ib u tio n  o f  th e  ra d ia tio n , etc .) are  a lm o st 
p e rfe c tly  neg lected .

— I t  is n o t su re  t h a t  re flec tion  co effic ien t is a m ost su itab le  fa c to r  for 
sp ec tro sco p ic  in v e s tig a tio n  o f  a sca tte rin g  m e d iu m , especia lly  w hen  co n sid e r
in g , t h a t  th is  is n o t to o  sen s itiv e  to  th e  chan g es o f  in te rn a l p ro p ertie s  o f th e  
lay e r.

— R ela tio n s b a se d  on  m easurab le  p a ra m e te rs  a re  v e ry  co m p lica ted . 
P a ra m e te rs  of sim ple fo rm u la s  are n o t m easu rab le . So th e  eq u a tio n s  a re  a p p li
cab le  fo r ce rta in  d e ta ils  on ly .

T ransm iss ion  o f  scattering samples

S tu d ies  on tra n sm is s io n  of s c a tte r in g  sam ples could  n o t avo id  th e  
q u e s tio n  o f d ep en d en ce  on  th e  q u a n ti ty  o f  th e  m a te r ia l.

a)  D ifferences in  d is tr ib u tio n  of th e  su b s ta n c e  in  sc a tte r in g  sam ples 
r e s u lt  in  s ig n ifican t e rro rs  in  th e  m easu rem en ts  a n d  s tro n g ly  sp read in g  t r a n s 
m ission  d a ta  [13]. D iffe re n t in s tru m e n ts  m a y  give v e ry  d iffe ren t d a ta  o f 
tra n sm iss io n . In c re a s in g  la y e r  th ickness en h an ces  th e  req u irem en ts  for th e  
s e n s it iv ity  o f th e  in s tru m e n t .
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T herefo re  th is  ty p e  o f  m easu rem en t is th o u g h t to  be d isa d v a n ta g e o u s  
[13, 32] th o u g h  th e  h ig h e r se n s itiv ity  o f e v a lu a tio n  based  on m easu rem en t 
o f  tran sm issio n  (co m p ared  to  t h a t  based  on m easu rem en t o f  rem ission) is 
a d m itte d  [12].

b)  Special a t te n tio n  w as la te ly  d raw n  to  th e  in v e s tig a tio n  o f  law s of 
ex ten s io n  of th e  ra d ia tio n  in  g rea te r  d e p th  o f  d iffuse s c a tte r in g  liq u id s . Such 
s tu d ie s  w ere needed  fo r in v e s tig a tio n  o f th e  h y d ro sp h e re  o f th e  E a r th .  I t  has 
sev era l ad v an tag eo u s  possib ilities . Such are :

— law s o f ex ten s io n  o f  ra d ia tio n  are  s tro n g ly  sim plified  in  g re a te r  d ep th , 
an d  m ore  sim plified  re la tio n s  a re  p robab le  b e tw een  th e  o p tic a l c h a ra c te r is 
tic s  an d  spectroscop ic  p ro p e rtie s  o f th e  s c a tte r in g  m edium

— e x te rn a l illu m in a tio n  o f  th e  m ed ium , i ts  su rface  s tru c tu re ,  e tc . have 
no effect on th e  d is tr ib u tio n  o f  in te n s ity .

R esu lts  o f th e o re tic a l re sea rch  w orks (su m m arized  in  [15]), are  no t 
su ita b le  for p ra c tic a l ap p lic a tio n  ow ing to  th e  co m p lica ted  m a th e m a tic a l 
t r e a tm e n t  and  th e  n eed  o f know ledge o f th e  s c a tte r in g  in d ic a tr ix .

E x p e rim e n ta l in v e s tig a tio n  o f th e  “ d e p th  reg im e”  w as c a rr ie d  ou t 
b y  T i m o f e j e v a  [ 3 9 —4 1 ] .  She estab lish ed  sev era l new  em pirica l re la tio n s  on 
th e  basis o f her s tu d y  on  tran sm iss io n  o f m ilk -like m ed ia  o f d iffe re n t d ilu tions. 
A ccord ing  to  her, th e  cu rv e  describ ing  th e  a t te n u a tio n  o f th e  d ire c te d  beam  
in  th e  deepness ( th e  m ed iu m  is o f low -ab so rp tio n ) consists o f  th re e  sections. 
T h e  f ir s t  an d  th ird  ones show  changes o f ex p o n en tia l c h a ra c te r , th e  second one 
is n e a rly  hyperbo lic .

Sidko and  T erskov  [35] n o te  th e  lay e r-th ick n ess  reg ions belonging 
to  sec tions of th e  “ d e p th  reg im e”  cu rve  as d 01, d 12, d23. T h e  th i r d  section 
is o bserved  u sua lly  in  th e  case o f to ta l  s c a tte r in g . To th is  p h en e m e n o n  th e  
p resence  of a sam ple o f  dmin, =  d 01 -)- d 12 la y e r  th ick n ess  is re q u ire d  (th is  is 
a b o u t 300 m in  clear sea -w a te r). V alue o f dmjn depends on th e  w av elen g th .

c) F rom  th e  b eg in n in g  o f th e  fiftie s  o f  th is  c e n tu ry  sev e ra l research  
w orkers d ea lt w ith  “ d ire c t p h o to m e try ”  o f a b so rb in g  su b s ta n c e s , iso la te d  on 
p a p e r  (i.e. m easu ring  tra n sm iss io n  of a sc a tte r in g  sam ple), to  a v o id  th e  tim e- 
con su m in g  and  e rro r-in v o lv in g  o p era tio n  o f e lu a tio n .

T h e  m a jo rity  o f  in v e s tig a tio n s  search  fo r a lin ea r  re la tio n  b e tw een  th e  
q u a n t i ty  of th e  su b s ta n c e  p re se n t on th e  ca rr ie r , an d  th e  m e a su re d  op tica l 
d a ta  (v a lid ity  o f B e e r ’s law ). W e do n o t w a n t to  dea l w ith  th is  q u e s tio n  now.

R eferences fo r re la tio n s  b e tw een  th e  q u a n t i ty  o f th e  to ta l  sam p le  and  
th e  co rrespond ing  tra n sm iss io n  d a ta  are  g iven  in  severa l p ap e rs .

— A fo rm ula  w as deve loped  b y  Falta , b ased  on e q u a tio n s  o f  N eu g e - 
b a u e r , w hich  allow s th e  assu m p tio n  of v a lid ity  o f th e  B o u gu er  — Lambert 
law  fo r th e  tran sm iss io n  degree o f papers o f h ig h  la y e r  th ick n ess  [9].

— Also Falta [8 ] s ta te d  — based  on his m easu rem en ts  on  opaque 
glasses o f  d iffe ren t th ick n esses  — th a t  th e  tran sm iss io n a l e x tin c tio n  does
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n o t  in c re a se  linearly  w ith  in c re a s in g  layer th ic k n e ss . F o r sm aller th icknesses 
th e  in c re a se  is g rea te r t h a n  fo r h igher ones. M easu rem en ts  o f sam ples o f h igh 
th ic k n e s s  resulted  in  a lm o s t  lin ea r  curves.

P rice, H udson  a n d  A shman [28] fo u n d  a lin e a r  re la tio n sh ip  betw een  
th e  n u m b e r  of layers a n d  th e  d en sity  m easu red  u n d e r  special con d itio n s (a t 
254 n m ). The s tu d ied  s a m p le  w as adenilic ac id  on  W h a tm a n  No. 11 filte r-  
p a p e r .

U n ifo rm  treatm ent o f scattering system s

T heories and  re la t io n s  b a sed  on m easu rem en t o f rem ission  or tra n sm is 
s io n  o n ly , m ust be re g a rd e d  as v e ry  re s tr ic te d  ones. B o th  th e  th e o re tic a l and  
th e  em p irica l in v e s tig a tio n s  m ak e  efforts to  d ev e lo p  re la tio n s be tw een  th e  
m e a s u re d  optical d a ta  a n d  ch a ra c te ris tic s  of s c a tte r in g  an d  ab so rp tio n . H ow 
e v e r , m easu rem en ts a re  u s u a l ly  carried  ou t by  one  ty p e  o f th em  on ly . P ara lle l 
s tu d ie s  o f th e  two p h e n o m e n a  are  very  ra re ly  fo u n d  in  th e  li te ra tu re .

A n  in terestin g  in i t ia t io n  is th e  d escrip tio n  o f th e  op tica l p ro p e rtie s  of 
s c a t te r in g  sam ples b y  fu n c tio n s  o f p a th -len g th  o f  th e  lig h t. In  th e  p a p e r  b y  
Ma j o r  [25] parallel c o n s id e ra tio n s  are found  co n cern in g  rem ission an d  t r a n s 
m iss io n  o f sca ttering  sa m p le s . C ertain  p a r t- re su lts  a re  p roved  b y  m easu red  
d a t a  o f  pow ders and  sa m p le s  on paper basis.

P a ra lle l ex p e rim en ta l s tu d ie s  of rem ission a n d  tran sm iss io n  of sc a tte rin g  
s a m p le s  are  accom pan ied  b y  serious d ifficu lties. S uch  are:

- C ertain ty p es o f  sam p le s  (e.g. pow ders, te x t i le  fab rics, p r in te d  p ro 
d u c ts ,  e a r th s , ceram ics, e tc .)  a re  availab le on ly  fo r  m easu rin g  of rem ission , 
w h ile  o th e rs  are su ita b le  o n ly  for m easu rem en ts  o f tran sm iss io n  o n ly  (e.g. 
a tm o s p h e re , hy d ro sp h ere , em u lsio n s, suspensions, e tc .) , possib ilities of m e a su r
in g  th e i r  rem ission are  re s t r ic te d .

— D efin ite  co n d itio n s  o f  m easu rem en t for o p tic a l in v e s tig a tio n  o f s c a tte r 
in g  sa m p le s  ind icate  a d if f ic u lt  an d  neglected p ro b lem . O nly few  a tte n tio n  was 
d ra w n  to  i t ,  in some s tu d ie s  o n  analy tica l su b je c t, a n d  in  th e  fie ld  o f rem ission 
m e a su re m e n ts  [13, 19, 21 , 29].

T he general, m u lt i la te r a l  in v estig a tio n  o f  th e  d ependence  o f m easu red  
o p t ic a l  d a ta  on th e  q u a n t i ty  o f  th e  m a te ria l is m issing  y e t. I t  is ex p ec ted  
t h a t  t h e  ind iv idual ty p e s  o f  sc a tte rin g  sam ples w ill p ro v id e  d iffe ren t po in ts  
o f  v ie w  fo r the  research ers .

S u b jec t o f  the present in v es tig a tio n

P u rp o se  of our in v e s t ig a tio n  pub lished  in  th e  p re se n t p a p e r  are:
- developm ent o f  d e f in e d  conditions fo r m easu rem en ts  of sc a tte rin g  

sa m p le s  on paper basis  b y  sp e c tro p h o to m e te r  fo r  ro u tin e  w ork, fo r para lle l 
m e a s u re m e n t of rem ission  a n d  transm ission
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s tu d y  o f  re la tio n s betw een  th e  o p tic a l an d  q u a n tita tiv e  d a ta  o f  th e  
sam ple  (co rrespond ing  m easu rem en ts o f  rem ission  of th e  exam ined  ty p e  o f 
sam ple , b u t  no tran sm issio n  m easu rem en ts  w ere found  in th e  l i te ra tu re ) .

T he p u b lished  d a ta  and  conclusions a re  o f p h o to m etric  c h a ra c te r ;  no 
d iscussion o f  d ependence  on w av e len g th  is g iven  here. B o th  co lored  an d  
colorless su b stan ces  w ere s tu d ied  as s c a tte r in g  ones. The effect o f  co lo ring  
o f colorless sam ples or m easu rem en ts  a t  d iffe re n t w aveleng ths on th e  p r in c ip a l 
c h a ra c te r  o f th e  o b ta in e d  em pirical re la tio n s  w as stu d ied . (No d iscussion  o f 
th e  ap p e a ra n ce  o f  th e  sp ec tru m  of th e  ab so rb in g  su bstance  p re se n t on th e  
ca rrie r, in  connec tion  to  th e  w av e len g th  d ep en d en ce  of th e  o p tic a l d a ta  o f 
th e  s c a tte r in g  sam ple  is p resen ted  here .)

2. E x p erim en ta l

Instrum ents, procedures

It was investigated , whether conditions su itab le for defined measurement of scattering  
sam ples on paper basis can be assured by m eans of a recording routine spectrophotom eter, 
designed for m easurem ent of absorption of solutions. M easurements on a U nicam  SP 700 
spectrophotom eter prove the m ultilateral app licab ility  o f the instrum ent for determ ination  
of the optical characteristics of papers (and other scattering samples).

As regards the observation of the radiation falling on the detector, the possib ilities o f  
the instrum ent are the same by m easurem ent of solutions and scattering sam ples too. The  
detector is insensitive to the origin of the observed radiation. Applicability o f an instrum ent  
depends on utilization of the character o f the instrum ent and knowledge of the dependence  
of measured data on it.

Instrum ental conditions and their use fo r investigation o f  scattering samples

Scattered radiation leaves the surface o f a sam ple w ith a definite intensity d istr ibution , 
after it no changes of w avelength or indicatrix are possible. B y  measuring rem ission or trans
mission by different instrum ents the in tensity  o f light, reaching the detectors m ay be sign if
icantly different — som etim es they are of different orders [32]. Different instrum ents  
due to their dissimilar optical arrangements use different portions of the radiation leaving  
the sam ple. Also the external parameters o f m easurem ents are dissimilar. The m easured data  
contain different values o f instrum ental constants.

Instrum ental constant of remission m easurem ent by a Unicam SP 700 sp ectrop hoto
m eter, w ith optical arrangement shown in Fig. 2 is:

Ещн) "v-/ 2.6
that o f transm ission measurement:

E(MT) ^  1.8

H owever, the detector (PM 6256) of the instrum ent is so sensitive, that E  ^  4.5 values  
can be reliably measured in the visible spectral region. Full intensity range of rem ission m eas
urem ent is about one order; there are three orders for m easurem ent of transm ission. U tilization  
o f light in transm ission m easurem ents can be increased by alm ost one order (w ith  decrease  
of the instrum ental constant) by placing a condenser lens closely after the sam ple (F ig . 2).

Value of the instrum ental constant is influenced by the location of the sam ple in the 
cuvette space. This means change of the d istance betw een the sample and the first lens. The  
spatial angle, from which photons can reach the detector, also changes. Placing o f the sam ple  
m eans also a very sensitive source of error. To avoid  it, a special sample holder and a base plate  
is required for a well defined placem ent in the cuvette  space.
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Fig. 1. O ptical arrangem ent of U nicam  SP 700 spectrophotom eter
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Springs com pressing the surfaces o f  the sam ple holder provide identical com pression  
of sam ples o f  different layer numbers. Reproducible p lacem ent o f square paper pieces is m ade  
easier b y  adjusting plate. In the reference beam  a series o f  grating was applied for w eakening  
the light. T hey were prepared by cautery o f brass p lates. Reproducibility o f their p lacem ent 
into the ligth  path is ensured by base p lates similar to  those o f the sample holders.

The instrum ent, equipped w ith special sam ple holders, a series of gratings and special 
base plates o f the holders, can be used w ith  the sam e sen s itiv ity , accuracy and reproducib ility

j

Fig. 2. O ptical path in the cuvette space when exam in ing scattering samples. R epresentation  
of ligh t path is qu ite schem atic; after po in t S the ligh t is scattered in all direction in rea lity

S — sample; M —  mirror; К  —  condenser

F ig. 3. The special base plate, sam ple holder and th e  grating for weakening th e  lig h t

degrees as a t m easurem ent of solutions. (E ven  in the case o f very uneven papers, the spread  
o f the obtained results is less than 0.005 ex tin ction  u n it.) Correct and reliable data are obtained  
by m easuring the colored sample and th e  colorless carrier being placed after each other in 
the ligh t path . (In th e  reference beam  th e  grating is found.)

The 100% value being set for air cannot be used  for scattering sam ples, if  also in the  
reference ligh t path  a scattering sam ple is  used. I t  m u st be set by using identical q u an tity  
o f sam ple for every case.

The instrum ent is suitable for exam ination o f scattering sam ples on paper basis in the  
0.250— 2.0 micron w avelength  range. N um ber o f layers o f the sam ple m easurable in  trans
m ission is strongly dependent on the qu ality  o f the sam ple and spectral sen sitiv ity  o f the  
instrum ent.
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Dependence on the instrum ent

Som e of the measured optical data depend upon the used instrum ent. These contain  
an instrum enta l constant. According to the notation  g iven  in Table I I I  these are: 

b y  m easuring remission: R n; EPP 
b y  m easuring transm ission: T»; E (n

H o w ever , using the ratio o f in tensities (or extin ction  differences) the instrum ental constant 
is e lim in a ted . Value of these data m ust be identical w hen  measured by different instrum ents.

Table II

Effect o f instrumental constant on the data o f transmission

S o rt of 
f il te r -p a p e r

S P  700 625 nm )
S zF -1 0  M (625 nm ) 

B e c k m an  D K -2
L u x m  e te r  

(w h ite  lig h t)

E lT ) JE<f> £ < D E iT ) A E

W hatm an  No 1 (W l) 2.514

0.268
0.602

0.264

0.626

0.252

M aclierey-N agel 214 (MIN 214) 2.782 0.866 0.878

E ('T' — transmission extinction

A E (T) =  -  £<m)

T able II sum m arizes data o f two filter papers m easured by three types of instrum ents, 
w ith  strong ly  different optical arrangem ents. Values o f the corresponding E (T) data are 
very  d ifferen t, while values o f zlE^T) are alm ost identical.

Sim ilar agreem ent was found in .:\\P — Ep'li —- E lp  data of the W 1 filter paper with  
increasing num ber of layers (from 1 to 10), measured by different instrum ents. M easurem ents 
carried o u t on instrum ents equipped w ith U lbricht sphere (SzF-10 M and B eckm an D K -2) 
are used  as references. The spherical angle, from th ey  accom m odate photons leaving th e  sam ple, 
corresponds to alm ost the to ta l h a lf sphere. A greem ent in data obtained by the U n icam  SP  
700 and  instrum ents equipped w ith  U-sphere ind icates no effect of layer num ber o f sam ples 
on th e  instrum ental constant o f U n ícam  SP 700. Thus th is instrum ent is suitable for exam ina
tion  o f  sam ples on paper basis under defined conditions.

T he adapter, used for rem ission m easurem ents is o f  “ mirror” arrangem ent (F ig . 2). 
Spectra  recorded by use of it showr excellent agreem ent w ith  those obtained by instrum ents 
equipped  w ith  U-sphere [26]. This “ mirror” arrangem ent excludes the m easurem ent of 
rad iation  resulted  by regular reflection  on the surface o f  the sample (in this case). M ost of 
these  ph oton s comes from the inside of the sam ple. A fter m ultiple direction changes they  
leave  th e  surface of the sam ple under the same angle as th a t of the exam ining beam , entering  
into  it.

E xam ined sam ples

W e studied , whether su itab le conditions of defined optical m easurem ents can be assured 
for sca tter in g  sam ples on paper base (filter papers, colored filter papers, post- and printing  
papers, e tc .)  or not.

Unevenness in distribution o f  substances

In the literature “ evenness” and “ unevenness” o f papers are parallel used concepts 
to characterize the distribution of substance in the sam ple. Irregular distribution of unevenness  
sta t is t ic a lly  results in a certain degree of evenness.

N o m acroscopic cavities (holes, bubbles inside the sam ple, watermark, strong surface 
structure) m ay appear. “ C avity effects” mean o p tica lly  uncontrollable sources o f error, in  
their presence defined spectroscopic m easurem ents cannot be carried out.

A cta  Chim . Acad. Sei. Hung. 63, 1970
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It is im possib le to elim inate the “ structural”  cav ities . They are parts o f structure  
o f the system  (sm all holes appearing betw een fibres o f  the paper). Therefore, also strongly' 
sm oothed papers do not provide sam ples o f “ even” d istr ibu tion  of substance.

—  U nevenness in distribution of substance in the sam ple influences the reproducib ility  
o f  m easurem ent; th is effect depends on the size o f the exam in in g  beam . The smaller the cross- 
section of the light beam , the smaller is the possibility  o f  “ equalization” of unevenness (th is  
is one of the im portant problem s of m icro-m easurem ents o f  scattering samples). The greater
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Fie,. 4. Optical effect o f  unevenness o f  W1 filter paper

the cross-section o f the exam ining light beam , the b etter  is the agreement between optical 
data and the average value of sample quantity .

Data of Fig. 4 show  that in exam ination of the W1 filter paper, an about 2 m m  shift 
of the sample results in 0 .020—0.030 extinction  unit d ifference, if  the size of the light sp ot is 
1 m m 2. In the case o f  a 84 m m 2 cross-section sim ilar m ovem ent results in such a difference  
o f data (0.005 extin ction  unit), which is regarded as good reproducibility even in spectroscopy  
o f solutions too.

At exam ination o f filter papers the shape of cross-section (given in mm2) has no im por
tance.
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32 HUSZÁR: SPECTROSCOPY O F D IF F U S E  SCATTERING SYSTEMS

U nevennesses o f the scattering sam ple in fluence m easurem ent of transm ission  in  greater 
degree, th an  that o f rem ission. This is one o f th e  reasons of neglecting m easurem ent of  
transm ission  [13].

O ptical effect o f unevennesses is greatest a t m easurem ent of a single layer o f the  
g iv en  ty p e  o f sam ple, both  in rem ission and transm ission . Increase of layer th ickness decreases 
th e  im portance of unevennesses. A t transm ission m easurem ents unevennesses o f  the sam ple 
are p laced  on each other, resulting in equalization in  the course of increasing num ber o f  layers. 
A t rem ission  m easurem ents this is supplem ented b y  the fact, that optical effects o f  th e  sec
ond , th ird , etc. layers are considerably sm aller, th an  th a t o f the first.

D efined portion ing o f  substance

F ig . 4 shows th at the W 1 filter paper (and every  other paper) contains also greater 
zones o f  unevennesses. M easurem ents carried out on areas in several cm d istances g ave  signif
ica n tly  different optical data. For our in vestiga tion  w e needed paper layers w ith  identical 
q u a n tities  interacting w ith  a ligh t beam  o f given  cross-section. Mechanical data (th ickness or 
square w eight) are not suitable for such selection .

O ptical m easurem ents m ay be used o f se lect layers o f identical optical effect. This is 
carried o u t by transm ission m easurem ent (a t w avelen gth  used for exam in ation s later). 
R equ irem en ts :

—  identical transm ission data , determ ined as single layer 
— identical effect on the transm ission va lu e , present in a sam ple o f any num ber of 

layers and being anyone of them . These requirem ents are fulfilled on ly  b y  identical 
q u a n tities  o f identical typ e  of sample.

Sam ples obtained from  one single sheet o f  W1 filter  paper (size o f the cross-section  
o f  th e  exam in in g  light beam  was about 95 m m 2; w avelength: 625 nm) gave + 0 .0 2 0  extin ction  
u n it d ev ia tio n  from the average. Am ong 100 sam ples obtained from such a sh eet there are 
6— 8 p ieces fulfilling the above requirem ents (extrem e o f differences AE  <  0.005). T he thicker  
and m ore even  MN214 filter paper shows b etter  ratio.

P ortion ing of qu antity  o f th e  sam ple w as accom plished by producing sh eet packets. 
T he sheet packet is a sam ple consisting of paper layers being assured, th a t the se lected  parts 
o f  sam p le cover each other and are placed so in  th e  ligh t path.

F urther on a “ single sheet packet” m eans a sh eet packet prepared from  layers o f  iden
tica l op tica l effects and a “ com bined sheet p ocket”  is a sample consisting o f layers o f  differ
en t q u a lity .

R ole  o f articulation of the sam ple was in v estig a ted  by means of hand-m ade papers 
(m ade o f  bleached sulphite cellulózé). L ayers o f  d ifferent square w eight were used to  m ake 
sh eet p a ck ets  o f 80, 120 and 160 g /m 2. M easured data  o f sheet packets consisting  o f 1, 2, 3 
layers, w ith  given w eight/m 2 were practically  identical. Significant difference appeared, when  
the in d iv id u a l layers were too th in  (at 20— 30 g /m 2 sm all holes appear) and above 150 g/m 2 
(dry ing  resulted  in roughness on one surface).

S c h m id t  [32] — who introduced the nam e “ sh eet packet” —  gives no requirem ents 
for ex tern a l or internal structure o f the exam ined  papers. There are also very  transparent, 
sh in in g , v ery  thin papers am ong the sam ples. H e did  n ot select the layers for sh eet packets.

Colored f i lte r  paper sam ples

Coloration of filter papers was carried out b y  alcoholic solutions o f di- and tri-aryl- 
m eth a n e  derivatives.*  U se of alcohol avoided sw elling o f cellulózé fibres (w ater results in 
stron g  sw elling of them ; after drying the structure is more loose, than in u n treated  state, 
w a v y n ess m ay  occur, etc.). A lcohol is more advan tageou s in drying too. A b out 0.5%  glacial 
a cetic  acid  was added to the alcoholic colourant so lution  to prevent form ation o f  carbinol 
base from  th e  dyestu ff salt. S tab ility  o f the sam ples is good. Proper storage g ives unchanged  
op tica l behaviour for weeks (som etim es for m onths).

A fter  coloration of the selected  filter  paper layers o f  identical optical characteristics, 
rep eated  selection  gave identical layers w ith  respect to the carrier and the q u a n tity  o f  d ye
s tu ff  too .

*M -marked paints were m ade by M alachite Green ANS; ICI 
А -m arked paints were m ade by A uram in О
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N o ta tio n  o f  m e a su re d  d a ta

a )  Q uantitative data of scattering sam ples on paper base can be given in:

square w eight: [Q] =  g /m 2
layer thickness: [d] =  mm
number of layers: n

Q uantity o f  m aterial in a scattering sam ple is m ost accurately given b y  Q (as noted  
b y  v a n  d en  A k k e r  [1] too). Therefore we present concrete qu an tita tive  data in square weight.

Use of d  is v ery  extended in the literature. Layer thickness is a geom etric datum , 
proportional to the q u a n tity  o f m aterial. (Concrete th ickness data are usually given only for 
liqu ids.) We will use it  for the sake of com parison to literature. I t  has special im portance in 
characterizing processes taking place in different depths o f  scattering sam ples.

Layer number is su itable to describe a com bined sam ple prepared from identical units. 
I t  can be used to g ive  the concrete q u a n tity  o f m aterial on ly , if  Qt is known. H ow ever, for 
investigation  of dependence on substance qu antity , layer num ber is the m ost sim ple w ay to 
describe changes o f quantities.

b)  Optical data  o f a sample are noted as follows: 
transm ission o f a not-scattering sam ple (e.g. a solution):

. - iJo
transm ission o f a scattering sam ple:

T - Ï
remission of a scattering sample:

R ~ J * -1Jo

where J0 is the in ten sity  o f  light falling on the sam ple (directed beam )
I T is the in ten sity  o f  light passed through a non-scattering sam ple
In  and I t are the in tensity  of ligh t reflected or transm itted  by a scattering sam ple, 

resp. г gives the ratio o f  intensities o f the incident and the total transm itted light, w ith  
respect to the incident one. Measured T  and R  contain instrum ental constant too.

In every absorption spectrum w avelength-dependent radiation losses, due to interaction  
o f electrom agnetic rad iation  and the substance are shown. It is advantageous to apply the  
concept o f extinction  to  characterize these radiation losses:

£ <T) = - i g r  
E W  =  — lg T

=  — Jg R

( t, T  and R  are used as upper indexes to allow layer num bers to be the lower ones. Layer  
num ber as the upper ind ex  would suggest an exponent.)

The only loss-com ponent of r and E (r) derived from  it is ligh t absorption. H owever, 
for scattering sam ples in both optical data several reasons o f  radiation losses m ust be consid
ered. Expressing every  loss com ponent as extinction , those o f the m easured data sym boli
cally  are the following:

E {T) f ( E (R) ; E(A) ; E {o) ; E {MT))

E (R) =  f(E(T) ; E(A) ; E {<» ; E(mb))

where Е(Т) Lofs com ponent of rem ission m easurem ent originated from transm ission  
E(K) Lofs com ponent o f transm ission m easurem ent originated from remission 
E(A) rays absorbed by the layer
E(o) lateral losses (in a sample o f “ infin ite”  in lateral extension)
E(MT) instrum ental constant of transm ission m easurem ent 
E(mr) instrum ental constant o f rem ission m easurem ent.

3 Acta Chini. Acad. Sei. Hung. 63, 1970
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Extinction o f the complete sheet packet: negative logarithm  of m easured optical data  
of a sheet packet containing n layers:

e T  =  -  i g  r „

and
Él* = -  Ig K„

E h' ) is resulted by total losses o f radiation present in the m easured value; every further 
calculations are based on it.

A(n 'R) series is obtained from  differences between tw o neighbouring Е (,?'И) values:

C  =  E lTi i  -  e T  thus A\T> =  E [P -  E T

A! /’ =  É P  -  FJP ; etc.
|(Л) u»(Ä) |7t(̂ )/]„ =  t , n  1 C j u

Rem ission of a sheet packet increases w ith increasing layer num ber {En<] value decrea
ses) and radiation losses due to transm ission are smaller. Thus actual An values are negative.

The \(n'R) data represent not the extinction of the n th layer, but a change of the extinc
tion value o f the com plete sh eet packet, due to a quantity  increase corresponding to one layer. 
N otation applied for measured data o f scattering sam ples are given in Table III.

According to Ivanov [14] betw een plots o f rem ission data it is not the lg R  =  /(A ), 
which g ives optimal follow ing o f  lg т =  /(A ) curve of the sam e absorbing substance. In 
our case the only requirem ent was to use equal units for the parallel measured data o f the two 
types o f measurem ent. (Later on will only be investigated  the reason of not perfect following  
o f — lg г =  /(A ) curve of the solution  by the lg R /(A ) curse .)

Model measurements

D ata of tables and graphs were obtained from sheet packets o f optica lly  equivalent
layers.

a )  Table IV and Fig. 5 illustrate  changes in extin ction  values o f rem issional and trans- 
m issional origin, due to changes of layer number. D esignation of the measured sam ples:

W A —  W hatm an No. 1. filter paper (in alcohol, soaked under the sam e conditions 
as colored pain ts Mj and Mu).

M| colored sam ple m ade by a solution of M alachite Green AN S; ICI. (cone, of 
solution: 9 • 10 0 m ole/1)

Mu paint made by a solution  of Malachite Green ANS; ICI. (cone, o f solution: 
4 • 10 5 m ole/1).

Table IV

Change o f  En values according to the number o f  layers

S am ple  1 E j® e ‘"> e \ R) E l * ' Е<й ‘ e S®

W A  2 .815 2 .7 5 0 2 .7 2 8 2 .718 2 .7 1 3 2 .7 0 8 2 .7 0 5 2 .7 0 2

M l  2 .827 2 .7 7 7 2 .7 6 4 2.761 2 .7 5 8 2 .7 6 0 2 .7 6 0 2 .7 5 7

M u  2 .857 2 .8 3 9 2 .8 3 2 2 .8 3 5 2 .8 3 2 2 .8 3 5 2 .8 3 2 2 .8 3 0

S am p le  i e [T^ E [T) E i T> E'.T> е 1г > e It > E lT> E i r >

W A  2 .436 2 .6 9 7 2 .8 6 6 2 .995 3 .1 0 7 3 .2 1 5 3 .3 1 0 3 .3 9 4

M ,  2 .4 5 8 2 .7 7 6 3 .0 3 2 3 .2 7 5 3 .5 0 6 3 .7 4 0 3 .9 7 4 4 .2 0 4

M i ,  2 .4 9 3 2 .9 0 6 3 .3 1 0 3 .6 9 0 4 .0 7 0 —

3 * A cta  C h im . A cad . Se i. H u n g . 63 , 1970
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Fig. 5. A lteration o f  values in function of layer num ber

b)  Curves of both types o f m easurem ent showed linear character w ith  increasing layer 
nu m ber. More accurate studies w ere based on I\?’1) values.

c )  E ffects of changes of layer  num ber on the rem ission data (JR1 —► R œ) were inves
tig a ted  previously, also its character was determined w ith regard to papers [9], [32]. Thus a 
d eta iled  investigation of the relation  betw een transm ission and qu antity  o f m aterial — which  
fie ld  is s till less studied though sh ow ing  far more distinct changes — was carried out b y  us.

On increasing layer number o f  a sheet packet, transm issional radiation losses alter at f ir s t  
in  non -lin ear manner; however, above a certain substance quantity  this relation becomes linear. 
A t  625 nm , under defined con d ition s o f m easurem ent, transm issional density  change of a 
W 1 s h e e t  packet was follow ed up  to  20 layers (E sq* =  4.330). No m easured data indicated  
ch an ge o f  the linear character.

A c ta  C him . Acad. Sei. Hung. 63, 1970
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Table V

E \T) and \(J } values o f Whatman No. 1 f ilte r  paper in function o f wavelength

Я (n m ) F.[T> A p AP A T) AP AP AP AP AP A P AP

40 0 2 .5 1 6 0 .3 4 5 0 .2 8 5 0 .2 5 7 0 .2 5 1 0 .2 4 7 0 .2 4 4 0 .2 4 9 0 .2 4 6 0 .2 4 7 0 .251

417 2 .5 0 0 0 .3 2 7 0 .2 6 4 0 .2 3 3 0 .2 2 6 0 .2 2 0 0 .2 2 4 0 .2 1 8 0 .2 2 5 0 .2 2 5 0 .2 2 6

435 2 .4 9 5 0 .3 1 3 0 .2 4 5 0 .2 1 5 0 .1 9 7 0 .1 9 5 0 .1 9 9 0 .1 9 5 0 .1 9 5 0 .1 9 5 0 .1 9 7

455 2 .4 7 7 0 .3 0 1 0 .2 3 2 0 .201 0 .1 8 7 0 .1 8 4 0 .1 8 0 0 .1 7 8 0 .1 8 5 0 .1 7 9 0 .1 8 6

476 2 .4 7 0 0 .2 9 2 0 .2 1 7 0 .1 8 6 0 .1 6 9 0 .1 6 0 0 .1 6 2 0 .1 5 9 0 .1 6 7 0 .1 6 2 0 .1 6 4

500 2 .4 6 2 0 .2 8 3 0 .2 0 7 0 .1 6 9 0 .1 5 5 0 .1 4 7 0 .1 4 6 0 .1 4 8 0 .1 5 2 0 .1 4 5 0 .1 4 6

5 26 2 .4 4 8 0 .2 7 7 0 .2 0 3 0 .1 6 2 0 .1 4 3 0 .1 3 2 0 .1 3 5 0 .1 3 2 0 .1 3 5 0 .1 3 8 0 .1 3 5

556 2 .4 3 5 0 .2 7 5 0 .1 9 2 0 .1 5 6 0 .1 3 4 0 .1 2 1 0 .1 2 3 0 .1 1 8 0 .1 2 4 0 .1 1 9 0 .1 1 7

588 2 .4 1 7 0 .2 7 1 0 .1 8 8 0 .1 5 0 0 .1 2 7 0.111 0 .1 1 5 0 .1 0 8 0 .1 0 4 0 .1 0 2 0 .1 0 7

625 2 .4 1 6 0 .2 6 6 0 .1 8 4 0 .1 4 2 0 .1 2 6 0 .1 0 8 0 .1 0 8 0 .0 9 7 0 .0 9 9 0 .1 0 2 0 .1 0 0

667 2 .4 1 3 0 .2 6 6 0 .1 8 4 0 .1 4 5 0 .1 2 3 0 .1 0 9 0 .1 0 9 0 .1 0 3 0 .0 9 8 0 .0 9 3 0 .0 9 7

715 2 .4 1 3 0 .2 6 6 0 .1 8 2 0 .1 4 6 0 .1 2 1 0 .1 1 0 0 .1 0 9 0 .1 0 2 0 .0 9 7 0 .0 9 5 0 .0 9 6

770 2 .4 0 4 0 .2 6 3 0 .1 8 2 0 .1 4 3 0 .1 2 2 0 .1 0 7 0 .1 0 9 0 .0 9 7 0 .0 9 2 0 .0 9 6 0 .0 9 2

833 2 .391 0 .2 6 4 0 .1 8 4 0 .1 4 4 0 .1 2 2 0 .1 0 7 0 .1 0 4 0 .101 0 .0 9 4 0 .0 9 3 0 .0 9 4

91 0 2 .3 7 6 0 .2 6 3 0 .1 8 3 0 .141 0 .1 2 2 0 .1 1 0 0 .1 0 4 0 .1 0 4 0 .0 9 6 0 .0 9 7 0 .0 9 9

1000 2 .3 6 9 0 .2 6 8 0 .1 8 6 0 .1 5 0 0 .1 3 2 0 .1 2 1 0 .1 2 1 0 .1 1 4 0 .1 1 8 0 .1 1 4 0 .1 1 5

1111 2 .3 4 4 0 .2 6 2 0 .1 8 2 0 .1 4 7 0 .1 2 3 0 .1 1 5 0 .1 0 9 0.111 0 .1 0 0 0 .1 0 1 0 .101

1250 2 .3 2 7 0 .2 8 6 0 .2 1 9 0 .1 9 2 0 .1 7 6 0 .1 7 0 0 .1 6 5 0 .1 6 3 0 .1 6 6 0 .1 6 1 0 .1 6 6

1326 2 .3 0 6 0 .2 7 6 0 .2 0 4 0 .1 7 1 0 .1 5 5 0 .1 4 7 0 .1 4 6 0 .1 4 3 0 .1 4 3 0 .1 4 7 0 .1 4 5
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T able  V shows dependence o f transm issional radiation  losses on the layer num ber at 
d ifferen t wavelengths.

N ote: An values are very  sensitive to the su bstance quantity and contam inations of 
the in d iv id u a l layers, to aging processes during storage (especially  in chem ical laboratories), 
e tc . In  th e  course of exam ination  o f several sheets o f W1 filter  paper, for exam ple, the series o f  
h ig h est transm ittance gave li ’ =  0.260 at 625 nm ; the sheet packet reached lr after 9 
layers, w ith  measured values fluctuating  between 0.074 and 0.078. (Sim ilarly lower \n ' 
v a lu es were obtained at the other wavelengths too , as com pared to those of Table V.)

T his relation was studied  on other types o f filter  paper (samples No. 1— 7); on post- 
and prin ting  papers containing solid com ponents other than cellulózé too (sam ples 8 —TO): 
and on colored filter papers (designation M m eans pain t b y  Malachite Green. A m eans paint 
b y  A uram in  О): and on colored commercial papers (sam ples 14 18).

Fig. 6. A lteration  o f values in fun ction  of layer number

D iscussion

The  “ quasi-homogeneous” sam ple

S c a tte r in g  sam ples a re  heterogeneous sy s te m s . T hus i t  is th e o re tic a lly  
im p o ss ib le  to  consider th e m  “ hom ogeneous”  in  th e  sam e sense as th e  so lu tio n s.

T h e  id ea l-h y p o th e tic  ty p e  of sam ple  (hom ogeneous an d  iso tro p ic ) 
in tro d u c e d  by  th e  G K M  th e o ry , does n o t e x is t. B est ap p ro x im a tio n  o f th a t  
a re  th e  p o w d er sam ples p re p a re d  by  K o r t u m ; th e se  were g round  a n d  sieved  
w ith  g r e a t  care before  m e asu rem en t [18]. H o w ev e r, perfec tly  u n ifo rm  p a rtic le  
size c o u ld  n o t be o b ta in e d  even  w ith  g rin d in g  fo r  48 hours. A ccu ra te  p o rtio n -

A cta  Chitn. Acad. Sei. Hung. 63, 1970
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in g  o f th ickness o f th e  pow der la y e r  is e x tra o rd in a rily  d ifficu lt, e sp ec ia lly  for 
tran sm iss io n  m easu rem en ts .

A real ty p e  o f sam ple  w as req u ired  for ex p erim en ta l in v e s tig a tio n  of 
o p tic a l p ro p erties  o f sc a tte r in g  sam ples. R eq u irem en ts:

in  th e  sam ple o p tica l inhom o g en eities  should  s ta t is t ic a l ly  re su lt in 
a d is tr ib u tio n , w hich can  be h an d led  s im ila rly  to  “ h o m o g en e ity ” ;

defined  p o rtio n in g  o f  su b s ta n c e  q u a n ti ty  o f th e  sam p le  is req u ired  
(free o f m acro  hole effects; th e  d isp e rg in g  m edium  should  be th e  sam e  as th a t  
th e  lig h t is com ing from ; etc .)

T he above req u irem en ts  a re  well fu lfilled  b y  p ap e r sh ee t p a c k e ts . The 
o p tic a lly  eq u iv a len t layers m a y  be considered  as defined  b u ild in g  u n its . F rom  
th e  p o in t of o p tica l in te ra c tio n s , th e  sam ple  co n stru c ted  from  th e m  show s a 
“ c o n tin u o u s”  in te rn a l s tru c tu re , changes o f  lay e r n u m b er h av e  no e ffec ts  on it. 
A d d itio n  o f a fu r th e r  lay e r a lte r  on ly  th e  su b stan ce  q u a n t i ty  o f  th e  sam ple 
o f  g iven  s tru c tu re , o p tica lly  th e  in d iv id u a l lay e r surfaces are  in e ffec tiv e . In  
th is  sense th e  system  m ay  be  reg a rd ed  as “ quasi-hom ogeneous” . A lso a lte ra 
tio n  o f q u a n ti ty  of a “ quasi-h o m o g en eo u s”  sam ple is considered  to  b e  defined , 
s im ila rly  to  change of lay e r th ic k n e ss  o f  so lu tions.

A “ quasi-hom ogeneous”  sam ple  can  also be op tica lly  a n iso tro p ic . I t  is 
well know n th a t  filam en ts  o f p a p e r  are  m ad e  of cellulózé, an d  i t  is b iré fr in g e n t, 
fu r th e r  on, th a t  th ese  cellulózé fib re s  are  in  a ce rta in  degree d ire c te d  in  th e  
p a p e r  layers.

B y p rep arin g  sheet p a c k e ts , special cond itions of m e a su re m e n ts  can  he 
p ro v id ed , w hich can be ap p lied  fo r sy s te m a tic  in v es tig a tio n  o f d ep en d en ce  of 
o p tic a l d a ta  on su b stan ce  q u a n t i ty ;  o f re su lts  o f sc a tte r in g  a n d  ab so rp tio n  
re la tio n sh ip s ; o f effect o f in h o m o g en e itie s , etc.

Dependence o f  rem ission and  transm ission  on substance qua n tity  r  / the sam pl

L ayers used for sh ee t p a c k e ts  are  “ op tica lly  e q u iv a le n t” , i.e. rep re sen t 
equal su b stan ce  q u a n titie s . H ow ever, e x tin c tio n  o f a sh ee t p a c k e t can  never 
be expressed  as sum  o f e x tin c tio n s  o f  th e  in d iv id u a l lay ers  (no e x tin c tio n  of 
rem issional or tran sm iss io n a l o rig in ). T h is dependence on lay e r n u m b e r  resu lts 
in  c h a ra c te r is tic  cu rve  shape .

T he value o f rem ission*  increases w ith  increasing  su b s ta n c e  q u a n tity , 
and  a t  a ce rta in  lay e r th ick n ess  c h a ra c te r is tic  to  th e  sam p le  (d e n o te d  as d„ 
in  th e  lite ra tu re )  a lim it v a lu e  is reach ed . A fterw ards th e  rem ission  d a tu m  
rem ain s u n changed  w ith  in c reasin g  lay e r n u m b er; i t  is d e n o te d  as Л * . 
E x tin c tio n  of rem issional o rig in  (E ^ )  decreases to  a lim it v a lu e  (F ig . 5).

‘ Rem ission refers to “ rem ission w ith black background” . (Presence o f reflecting  back
ground should be specially noted.)

A da Chim. Acad. Sei. H ung. 63, 1970
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Transm ission  d ec rea ses  w ith  increasing  s u b s ta n c e  q u a n ti ty . E x tin c tio n  
o f  a  sh e e t packe t h as  n o  l im itin g  value. H o w ev er, m a g n itu d e  o f changes due  
to  a d d itio n  of one m o re  la y e r  ten d s  to  a lim itin g  v a lu e . E x tin c tio n s  (E  
o b ta in e d  b y  tran sm iss io n  m easu rem en t in crease  n o n -lin e a rly  u n d er a ce rta in  
q u a n t i t y  of m ateria l, a b o v e  t h a t  linear change o f  e x tin c tio n  is observed  w ith  
c h a n g e  o f substance  q u a n t i ty  (F ig . 5).

Relation  “ A ”

T endency  of c h an g e  o f  rem ission d a ta  as a fu n c tio n  o f lay e r n u m b er 
h a s  b e e n  investig a ted  fo r  a lo n g  tim e. H ow ever, d ep en d en ce  o f transm issional 
r a d ia t io n  losses on su b s ta n c e  q u a n ti ty  req u ires  m o re  d e ta iled  stud ies. F u r th e r  
o n  th e  above described  e m p ir ic a l re la tion  w ill s h o r t ly  be  called  as re la tio n  “ A ”

R e la tio n  “ A” can  be  i l lu s tr a te d  as follow s (F ig . 7):
a )  one m ethod  is to  sh o w  th e  relation  b e tw e e n  tran sm iss io n a l ra d ia tio n  

loss o f  th e  to ta l shee t p a c k e t  a n d  th e  lay er n u m b e r  (or su b stan ce  q u a n t i ty  
e x p re s se d  in  any  o th e r  fo rm ); th is  is a p lo t of =  f ( n )  fu n c tio n

b)  th e  o ther m e th o d  re p re se n ts  the e x tin c tio n  changes due to  ad d itio n
o f  o n e  m o re  layer to  th e  sh e e t p a c k e t, as a fu n c tio n  o f  la y e r  n u m b er: = / ( n ) .

T h e  tw o re p re se n ta tio n s  show  d ifferen t sides o f  th e  sam e re la tio n , in  
g e n e ra liz ed  form.

D e ta ils  of re la tio n  “ A ”  w ill be ex am in ed  on th e  basis o f fu n c tio n

4 P  = / ( « ) •

A cta  Chim . Acad. Sei. Hung. 63, 1970
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T h e  4 P  series describes o p tica l co n seq u en ces o f changes in  s u b s ta n c e  
q u a n t i ty  a fte r  th e  f i r s t  lay e r. To show  c h a ra c te r is tic s  of lo ca tio n  on  cu rv e  
“ A ” , tw o  g roup  d esig n a tio n s w ere in tro d u c e d .

At — A (,P  v a lu e , belong ing  to  th e  n o n  lin e a r  section; At v a lu e s  o f  a 
sh ee t p a c k e t are  n o t equal to  ea c h  o th e r ; A i1 * A%^ ^  . .¥=Ai
(th e  la s t  one)

A r — AIP  v a lu e , be longing  to  th e  l in e a r  sec tion ; Ar va lues o f  a shee t 
p a c k e t a re  p ra c tic a lly  eq u a l. A ri =  А Гг =  . . .  =  A r

In  e v e ry  case th e  A \P  series — w ith  in c re a s in g  su b stan ce  q u a n t i ty  — te n d s  
to  A r.

In  th e  ta b le s  w ide v a r ia tio n  o f A r v a lu e s  is  show n betw een  0 .070  and  
1.300. T h e  sm aller A r v a lu e  is a p p ro x im a te d  b y  t h e / J ^  series, th e  m o re  de
ta ile d  a n d  m in u te  ap p e a ra n ce  o f th e  n o n -lin e a r sec tio n  is observed. T h e  h ig h er 
is th e  v a lu e  of A r, th e  sh o rte r  will th e  n o n -lin e a r  section  be. T h ere  a re  lay e rs  
o f so sm all t ra n s m itta n c e , w hen frac tio n  o f  la y e r  th ickness re p re s e n ts  th e  
c ritic a l su b stan ce  q u a n t i ty .  N on-linear sec tio n  o f  such sam ples c a n n o t  be 
s tu d ie d  on  th e  g iv en  layers.

(N ote: Points corresponding to \„ ] data are connected  w ith a continuous line only  
for the sake of descriptiveness, as the high num ber o f m easured points would not g iv e  a clear 
picture.)

W c p o in t to  th e  im p o rtan ce  o f d e fin ed  cond itions of m e a su re m e n ts . 
In  a d d itio n  to  th o se  fac to rs , w hich  also in  sp ec tro sco p y  of so lu tio n s  defo rm  
th e  s p e c tra  (e.g. lum inescence , n o n -a d e q u a te ly  m onochrom atic  l ig h t , poor 
s e n s it iv ity  o f th e  in s tru m e n t, e tc .), sev era l c h a ra c te r is tic s  of th e  sy s te m  itse lf  
can  p u t  o u t o f sh a p e  th e  above re la tio n s  (e.g. ho le  effects, s tro n g ly  sh in in g  
su rface , uneven  su b s ta n c e  d is tr ib u tio n  o f  th e  c a rr ie r  or the dye , e tc .)

“ P a u sz ”  an d  “ p v c ”  curves in Fig. 8 w ere  o b ta in e d  from  such n o t  “ quasi- 
liom ogeneous”  sam ples.

In  th e  case o f  s c a tte r in g  sam ples on p a p e r  basis th e  em p irica l re la tio n  
“ A ”  co n sis ts  o f tw o  sections. C h a rac te ris tic s  o f  th e  curve:

b eg in n in g  v a lu e  o f re la tio n  “ A ”  (E (4 )  (as well seen in T ab le s  Y  an d  
V I) is n o t in  u n am b ig u o u s  re la tio n  w ith  th e  A \P  series (com pare d a ta  of 
W1 f i l te r  p ap e r a t  435 nm  and  those  o f W 3 f i l te r  p ap er a t 625 nm );

n o n -lin ea r sec tio n  of cu rv e  “ A ”  is o f  hyperbolic  c h a ra c te r . I t  is 
in d ic a te d  by  d a ta  o f  T ab le  V II . As a m o d e l, A (,P  series of W 1 f i l te r  p a p e r  
(m easu red  a t  590 nm ) w as ev a lu a ted  acc o rd in g  to  th e  follow ing e q u a tio n :

/t p  =  ( A f p - A r) - - ± r  +  A r

lin ea r  sec tio n  o f cu rve  “ A ”  show s e x p o n e n tia l dependence o f  t r a n s 
m ission d a ta  on su b s ta n c e  q u a n tity .

Acta Chim. Acad. Sei. llu n g . 63, 1970
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Table VI

E '̂P and A(P  values o f different paper samples

No Sample g/m2 1 Л (nm) f P
1

À T> -dP
1

A,T) A T) л Р л Р л Р A P л Р ÁP

l MN 214 140 625 2.698 0.314 0.226 0.202 0.189 0.182 0.177 0.177 0.175 0.174 0.178

2 937 85 625 2.343 0.261 0.166 0.136 0.116 0.105 0.103 0.098 0.093 0.091 0.093

3 W 3 176 625 2.768 0.312 0.233 0.208 C.193 0.191 0.194 0.200 0.194 0.197 0.202

4 Sch-Sch 2040/A 88 625 2.406 0.268 0.184 0.147 0.125 0.123 0.120 0.114 0.114 0.113 0.115

5 Sch-Sch 2043/B 125 625 2.515 0.295 0.211 0.178 0.169 0.166 0.158 0.158 0.153 0.156 0.156

6 Filtrac 78 625 2.442 0.281 0.196 0.157 0.147 0.141 0.139 0.133 0.131 0.132 0.132

7 MN 619 93 625 2.507 0.269 0.177 0.137 0.115 0.101 0.094 0.090 0.088 0.092 0.088

8 “ Bank-post” 70 625 2.512 0.394 0.362 0.338 0.339 0.334 0.341 0.340 —

9 Sem i wood-free 
book paper

100 625 2.845 0.682 0.676 0.652 0.665 0.663 0.660 — — — —

10 “ India-paper” 44 625 2.586 0.273 0.184 0.148 0.130 0.122 0.115 0.116 0.105 0.103 0.105

11 M! 88 632 2.440 0.425 0.387 C.382 0.396 0.398 0.390 0.395 — — —

12 Mr 88 513 2.450 0.284 0.210 0.183 0.159 0.149 0.146 0.145 0.146 0.148 0.143

13 M„ 88 632 2.500 0.893 0.848 0.850 0.880 — — — — —

14 Ai 88 435 2.480 0.440 0.403 0.394 0.392 0.415 0.402 0.399 — — -

15 AI 88 625 2.410 0.274 0.182 0.146 0.120 0.115 0.112 0.101 0.096 0.101 0.095

16 Fr 40 632 — 0.699 0.296 0.248 0.232 0.240 0.247 0.260 0.247 0.254 0.260

17 Fp 40 535 — 0.544 0.231 0.187 9.182 0.172 0.189 0.181 0.171 0.180 0.169

18 И 100 500 - 1.287 1.252 1.263 — — — — —
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Fig. 8. Em piric 1 I» ' f { n )  curves

Acta Chitn. Acad. Sei. Hung. 63. 1970



44 H USZÁ R: SPECTRO SCOPY  OF D IFF U SE  SCATTERIN G  SYSTEMS

Table V II
(T)  . r

Measured and calculated A)t ' series. (W 1  f i lte r  paper : at 590 nm )

AT' AP AP AP AT)A. AP AP AP AP AP

m easured 0.271 0.188 0.150 0.127 0.111 0.115 0.108 0.104 0.105

ealed. 0.271 0.188 0.147 0.126 0.116 0.110 0.107 0.106 0.105

T h e f irs t e x p o n e n tia l section  — n o tic e d  b y  th e  th e o ry  o f  “ d e p th ”  
re g im e  [39] — w as n o t  o b se rv ed  in  s c a tte r in g  sy stem s on p a p e r  basis. This 
se c tio n  w as d e te rm in ed  w ith  so sm all su b s ta n c e  q u a n titie s  t h a t  ra d ia tio n  
t r a n s m it te d  b y  th em  c o n ta in s  sign ifican t q u a n t i ty  o f n o n -sc a tte re d  ra d ia tio n  
to o . P a p e r  sam ples o f  su c h  lay er th ick n ess  c a n n o t be m easu red  d e fin ite ly  
b e c a u se  o f m acro h o le -e ffec ts .

A ccord ing  to  P rice , H u d s o n  and  A s h m a n  [28], th e  re la tio n  expresses 
o n e  sing le  linear sec tio n  o n ly . G raphs p u b lish e d  b y  th em  in d ic a te d  th a t  th e ir  
p a p e r  layers h ad  A r v a lu e s  1 0 — 21 tim es g re a te r  th a n  ours. (O ne lay e r of 
W h a tm a n  No. 11 f i l te r  p a p e r  a lters th e  e x tin c tio n  of th e  sam ple  w ith  ab o u t 
1 e x tin c tio n  u n it, a n d  one  co n ta in in g  also ad en ilic  acid  has an  effect o f  ab o u t 
2.1  e x tin c tio n  u n its .)  I t  is in te re s tin g  to  n o te  t h a t  in  th e ir  g rap h s all m easu red  
d a ta  be long ing  to  one la y e r  fall u n d er th e  lin e . (A p p earan ce  o f  th e  no n -lin ear 
in te rv a l) .

Parallelism  o f  changes

T endencies o f ch an g es  of rem ission a n d  tran sm iss io n  (due  to  changes 
o f  la y e r  num ber) are  em p h asized  in  T ab le  V I I I .  T hese p a ra lle l changes are:

— in rem ission: — &n
in  series o f d a ta  i t  ch a rac te rizes  fo rm a tio n  o f rem ission  correspond ing
to  h (j^r ; (as is th e  h ig h e s t rem ission v a lu e  o f  th e  series, i t  re p re se n ts  th e
sm a lle s t  ex tin c tio n  v a lu e ; d ifferences d esc rib in g  th e  changes are  n eg a tiv e .)

— in tran sm iss io n : 4T> -  Ar
in  series of A ^  d a ta  i t  c h a rac te rize s  fo rm a tio n  o f  4 r) va lue , A r in  th e  linear 
sec tio n .

As seen from  T a b le  V I I I ,  co n fig u ra tio n  o f th e se  d ifferences in  th e  tw o 
ty p e s  o f m easu rem en t p o in t  to  th e  fo llow ing p a ra lle lism :

— ends a t th e  sam e  lay e r n u m b er;
-  a t  b o th  ty p e s  o f  m easu rem en t t h a t  series, w hich  s ta r ts  w ith  h igher 

v a lu e , w ill have lo n g er co u rse , while th a t  s ta r t in g  w ith  low er v a lu e , w ill have 
s h o r te r  one;

num erica l v a lu e s  o f  th e  para lle l d ifferences are o f co rrespond ing  
m a g n itu d e . D a ta  o f rem iss io n a l origin, s ta r t in g  w ith  h ig h er v a lu e  co rrespond  
to  h ig h e r  values o f d a ta  o f  tran sm iss io n a l o rig in .

Acta Chim. Acad. Sei. Hung. 63, 1970
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Table У Ш

Optical changes due to changes o f layer number

A (n m ) 835 625 1000 525 475 417 400

n re m . tra n s re m . t r a n s . re m . t r a n s . re m . t r a n s . re m . t r a n s . re m . t r a n s . re m . t r a n s .

l . 0 .1 0 7 0 .1 8 6 0 .1 0 6 0 .1 7 6 0 .1 0 3 0 .1 6 4 0 .0 9 4 0 .1 4 8 0 .0 8 0 0 .1 3 5 0 .0 6 7 0 .0 9 4 0 .0 5 9 0 .0 8 5

2 . 0 .0 4 3 0 .0 9 5 0 .0 4 6 0 .0 8 6 0 .0 3 9 0 .0 7 6 0 .0 3 6 0 .0 6 9 0 .0 2 6 0  0 54 0 .0 2 0 0 .0 2 7 0 .0 1 7 0 .0 2 0

3 . 0 .0 1 9 0 .0 6 2 0 .0 2 0 0 .0 6 1 0 .0 1 7 0 .051 0 .0 1 7 0 .0 4 1 0 .0 1 2 0 .0 3 2 0 .0 0 7 0 .0 0 8 0 .0 0 5 0 .0 0 6

4 . 0 .0 1 0 0 .0 3 4 0 .0 1 3 0 .0 2 9 0 .0 0 8 0 .0 2 0 0 .0 0 9 0 .0 1 8 0 .0 0 4 0 .0 1 4 0 .0 0 2 0 .0 0 2 0 .0 0 2 0 .0 0 6

5 . 0 .0 0 6 0 .0 1 6 0 .0 0 8 0 .0 1 8 0 .0 0 3 0 .0 1 3 0 .0 0 5 0 .0 0 9 0 .0 0 1 0 .0 0 9 — — — —

6 . 0 .0 0 4 0 .0 0 8 0 .0 0 5 0 .0 0 7 0 .0 0 4 0 .0 0 4 0 .0 0 3 — 0 .0 0 2 — — —

7 . 0 .0 0 2 0 .0 0 4 0 .0 0 3 0 .0 0 3 _ — 0 .0 0 2 — — — — — — —

Data of this Table refer to W hatm an No. 1 filter paper, and 
in remission Eat) — so all remission data are negative  
in transmission Л» — Ar
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“ Critical ” quan tities

P a ra lle l m easu rem en ts  on a given sh e e t p a c k e t show ed th a t  at produc
ing  sheet packets the d s u b s t a n c e  quan tity  o f  rem ission m easurem ent is the 
sam e va lu e , as at which in  transm ission  the change o f  radiation losses — due to 
change o f  substance q u a n tity  — will become linear.

T h u s  c ritica l su b s ta n c e  q u an titie s  o f  th e  tw o  typ es o f m easu rem en t 
a re  e q u a l;  m ore a c c u ra te ly , th e y  are  id e n tic a l. I t  is reasonab le  to  use un ifo rm  
d e s ig n a tio n : K r  m ay  re fe r to  th e  op tica lly  c r it ic a l  substance  q u a n t i ty .  For 
c h a ra c te r is tic s  of su b s ta n c e  q u a n tity :

n Kr — c ritica l la y e r  n u m b er
Qkt — c ritica l sq u a re  w eight
d/O — critica l la y e r  th ickness.

F o r  o p tic a l c h a ra c te ris tic s :

— e x tin c tio n  v a lu e  ca lcu la ted  from  tran sm issio n  d a tu m  o f critica l 
su b stan ce  q u a n t i ty

E ^ r  — e x tin c tio n  v a lu e  ca lcu la ted  fro m  rem ission va lu e  o f  critica l 
su b stan ce  q u a n ti ty .

T h e  (op tically ) c r itic a l su b stan ce  q u a n t i ty  is a p a ra m e te r  in d ic a tin g  a 
l im i t  in  dependenc o f  o p tic a l d a ta  on su b s ta n c e  q u a n tity ;  above a n d  u n d er 
i t  a l te r a t io n  of th e  o p tic a l d a ta  — due to  ch an g es  of su b stan ce  q u a n t i ty  
t a k e  p lace  accord ing  to  d iffe ren t functions.

In  th e  l ite ra tu re  th e  “ c ritica l su b stan ce  q u a n t i ty ” of rem ission  m easu re 
m e n t a n d  all q u a n titie s  o f  th e  sam ple h ig h e r th a n  th a t  are d e n o ted  b y  d œ. 
T h is  is  d is tu rb in g  in  p a ra lle l ev a lu a tio n  a n d  in te rp re ta t io n  of th e  m easu red  
re m iss io n  and  tran sm iss io n  d a ta .

In  tran sm issio n  m easu rem en ts  — for p ra c tic a l  purposes — th a t  q u a n ti ty  
is c o n s id e red  to  be c ritic a l su b stan ce  q u a n t i ty ,  fo r w hich th e  v a lu e  o f  A ^^  
w ill b e  sm aller th a n  1.1 tim e s  th e  value o f  A ^  * va lu e  of th e  lin e a r  section . 
I n  m o s t  cases n ^ r a p p e a rs  a t  frac tio n  o f  la y e r  nu m b er.

A c tu a l value o f  c ritic a l su bstance  q u a n t i ty  m ay  strong ly  d iffe r b y  sam 
p les a n d  w aveleng ths. In  th e  case of W1 f i l te r  p ap e rs  value o f Q Kr, expressed  
in  s q u a re  w eight is a b o u t 350 g/m 2 a t 435 n m , w hile 550 g/m 2 a t 625 nm .

I t  is in te re s tin g  t h a t  in  tran sm issio n  m easu rem en t of f i l te r  p ap ers , 
v e ry  d iffe ren t E ^  an d  A ^  series gave E ^ }  va lu es  betw een  3.2 an d  3.4 
( E (K} b e in g  d e te rm in ed  acco rd in g  to  th e  m e n tio n e d  conven tional d e fin itio n ; 
i t  c o n ta in s  in s tru m e n ta l c o n s ta n t too). T a k in g  in to  co nsidera tion  th e  in a c 
c u ra c y  o f  m easu rem en t a n d  estim a tio n , value o f  E ^  can be regarded a p p ro x i
m a te ly  constant.

A p p earan ce  o f p a ra m e te rs  of th e  c r it ic a l  su bstance  q u a n t i ty  resu lts  
in  iso la tio n  of fu r th e r  fo rm a tio n  of q u a n ti t ie s  o f pho tons com ing  o u t on
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th e  tw o su rfaces, by  th e  su b s ta n c e  q u a n ti ty  of “ q uasi-hom ogeneous”  s c a tte r in g  
system  b e tw een  th e  tw o su rfaces o f  th e  sam ple. D ecrease o f q u a n t i ty  o f  t r a n s 
m itte d  p h o to n s  due to  fu r th e r  increase  o f lay e r th ick n ess  has no sign if
ic a n t effect on th e  q u a n t i ty  o f  re m itte d  p h o to n s . T he rem ission  becom es 
c o n s ta n t, so — as a loss co m p o n en t — does n o t cause changes in  th e  t r a n s 
m ission v a lue .

A ctu a l va lu e  o f th e  c ritic a l su b stan ce  q u a n t i ty  expresses th e  requ ired  
q u a n ti ty  o f  a sam ple  of g iven o p tic a l p ro p ertie s  to  a ssu re  b y  in te ra c tio n s  the  
c ritica l e x tin c tio n  level o f o p tic a l d a ta  o f diffuse s c a tte r in g  sy stem s.

Optical data o f  sam ples w ith  quantities greater than the critical

a )  O ne im p o r ta n t consequence  o f ex istence  o f  o p tica lly  c r itic a l su b 
stan ce  q u a n t i ty  is to  m ake a v a ila b le  such a ran g e  o f  o p tica l p ro p e rtie s  of 
d iffuse s c a tte r in g  system s, w hich  is inaccessib le fo r rem ission m easu rem en t.

lim  A ff> -+ 0
Л -» Л К г

lim  A ff1 —*■ á r
П-*ПКг

A r is th e  sm allest A„^ va lue , b u t  alw ays h igher th a n  an y  of v a lu es .

A — A ^)  I > / l (R)

A r is linearly  p ro p o rtio n a l to  th e  co rrespond ing  (dn+1 — dn) sam ple  q u an tity ?  
a n d  can lin e a rly  be in te rp o la te d  an d  e x tra p o la te d .

h )  L in ea r section  of re la tio n  “ A ”  show s fo rm al s im ila rity  to  th e  B o u g u er 
L a m b e r t—B eer law . (W hen th e  B L B  law  is v a lid , a change o f q u a n t i ty  of 
th e  exam ined  abso rb ing  su b s ta n c e  will be followed b y  lin ea rly  p ro p o rtio n a l 
change o f e x tin c tio n  of th e  sam ple .) H ow ever, for sc a tte r in g  sam p les:

q u a n ti ta t iv e  changes w ill only  be follow ed by  a lin ea r  e x tin c tio n  
change above a d e fin ite  an d  “ c r itic a l”  su b stan ce  q u a n ti ty ,  c h a ra c te r is tic  for 
th e  ac tu a l ty p e  o f sam ple

— i t  is v a lid  only  for q u a n t i ty  changes b y  m eans o f ch an g e  o f  lay e r 
th ick n ess  (if “ c o n c e n tra tio n ”  o f  th e  abso rb ing  su b s ta n c e  is a lte re d , th e  w hole 
sc a tte rin g  system  itse lf  is a lte re d ). So analogy  is p re se n t on ly  to  th e  B o u 
g u e r— L a m b e rt law.

No analog ies to  B LB  law  w ere found  in d a ta  o f  rem issional o rig in .
c) L in ea r section  of re la tio n  “ A ”  in d ica ted  essen tia l a n a lo g y  to  BL 

law  too.
M agn itude  o f ra d ia tio n  losses invo lved  in  th e  op tica l d a ta , a n d  th e ir  

ra tio  in p ro p o rtio n  to  each o th e r  is in close re la tio n sh ip  w ith  th e  q u a n t i ty  
o f  sc a tte rin g  sam ple. I t  show s c h a ra c te r is tic  changes w ith  change o f su b stan ce  
q u a n ti ty  o f  th e  sam ple. I t  is su p p o sed , th a t  increasin g  q u a n ti ty  o f  su b s ta n c e
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■— gives m ax im a l v a lu e  o f  loss co m p o n en t (E (#)) o f rem ission  a t  th e  
c r i t ic a l  substance  q u a n t i ty ;  th e re  are no ch an g es fu r th e r  on  (th is  is ex p e ri
m e n ta l  fac t)

— la te ra l loss c o m p o n e n t ( E ^ )  w ith  re sp e c t to  lay e r n u m b e r is u n 
c h a n g e d

— iden tica l in s t ru m e n ta l  co n stan ts  (E(m t )) e x is t for ev e ry  la y e r  n u m b er.
F o r  q u an titie s  g r e a te r  th a n  th e  c ritic a l, d o m in a tin g  a n d  d e te rm in in g

c o m p o n e n t of tra n sm iss io n a l ra d ia tio n  losses is E (a)-> th e  loss co m p o n en t due 
to  a b so rp tio n .

I n  scattering system s the B L  law exists under special conditions. Here 
effects o f  absorption are invo lved  in  an other p henom enon , scattering. D iffuse 
s c a t te r in g  increases th e  o p tic a l  p a th  len g th , th u s  in creasin g  th e  p ro b a b ility  
o f  a b so rp tio n  in te ra c tio n s  to o .

d)  T he A r va lu e  is  a m e a su re  of o p tica l p ro p e rtie s  d e te rm in e d  b y  in te r 
n a l  p a ra m e te rs  of th e  sa m p le , expressed  b y  th e  su b stan ce  q u a n t i ty  o f one 
la y e r . W hen  i t  is c o n v e r te d  to  an y  u n it q u a n t i ty  — e.g. 100 g/m 2 — a specific 
o p t ic a l  d a tu m  is o b ta in e d , su ita b le  to  c h a ra c te r iz e  o p tica l b e h a v io u r  of th e  
g iv e n  ty p e  of sam ple.

Special p ossib ilities  o f  em ploym en t o f Aj°° va lu e  are  th e  follow ing:
— i t  is su itab le  to  c o m p a re  d ifferen t ty p e s  o f  sam ples (or d a ta  o b ta in ed  

a t  d iffe re n t w ave leng ths)
Table IX

Specific A, values

Д (n m ) 400 417 435 455 476 500 526 556 588 625

W 1 0.259 0.235 0.209 0.187 0.160 0.152 0.132 0.117 0.106 0.098
M N 214 0.308 0.273 0.240 0.213 0.192 0.170 0.153 0.139 0.128 0.118
2043/B

“ In dia

0.395 0.355 0.323 0.290 0.260 0.238 0.198 0.177 0.151 0.143

p ap er” 1.100 0.965 0.750 0.650 0.565 0.500 0.447 0.380 0.333 0.297

-  W1 and MN 214 in  T ab le  IX  h av e  v e ry  s im ila r o p tic a l p ro p ertie s , 
b u t  d ifferences of th e i r  A]00 va lues are g re a te r  th a n  th e  e x p e rim e n ta l e rro r. 
2 0 43 /B  is a f ilte r  p a p e r  b e in g  m ore co m p a c t th a n  th e  tw o p rev io u s ones, 
“ in d ia  p a p e r” is p r in t in g  p a p e r  con ta in in g  fille rs . (A t 625 n m  its  A„^ series is 
a lm o s t iden tica l w ith  t h a t  o f  W l;  see T ab les Y a n d  V I.)

— “ S pectrum  A]00”  p ro v id es  th e  m o st d e fin ed  p o ss ib ility  o f c h a ra c te r i
z a t io n  o f  ab so rp tio n  p ro p e r tie s  o f a p ap er la y e r . T h e  o n ly  o p tica l d a tu m  of 
a s c a tte r in g  sam ple is A r, w h ich  can be lin e a r ly  e x tra p o la te d  o r in te rp o la te d  
w i th  re sp ec t to  su b s ta n c e  q u a n ti ty . T he E[R:T\  Ai an d  A (f ^  v a lu es  can n o t 
b e  sp ec ifica ted  in  th e  a b o v e  m an n er. “ A J00 sp e c tru m ” of W l f i l te r  p ap e r is 
sh o w n  in  Fig. 9.
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— T he A lruo v a lu e  expresses l ig h t  a b so rp tio n  p ro p e rtie s  o f a p a p e r  lay e r 
in  a sim ple sheet p a c k e t in  th e  p o ss ib ly  m o st d iffe re n tia ted  w ay . T ru e  enough , 
th e  A \ f ’'^ values dt ;crease u n til th e  c ritica l su b stan ce  q u a n t i ty  is reach ed . 
H o w ev er, w ith  in c rease  of d th e  a b so rp tio n  loss co m p o n en t (£(д)) show s 
c o n tin u o u s  increase  up  to  d лГ in  th e  A (,?'T  ̂ v a lues.

O ptical effect o f  one layer in  a sheet packet

In te rn a l p a ra m e te rs  of an a c tu a l  s c a tte r in g  system  d e te rm in e  th e  o p tic a l 
p ro p e rtie s  o f a sam p le  p repared  fro m  i t .  H ow ever, th e ir  a p p e a ra n ce  is n o t 
u n ila te ra l  (as in th e  case of n o n -sc a tte r in g  sam ples — so lu tions — s tu d ie d  
u n d e r  defined  co n d itio n s). O ptical p ro p e rtie s  o f sc a tte rin g  sam ples becom e 
a v a ila b le  th ro u g h  d ependence  of o p tic a l  d a ta  on su b stan ce  q u a n t i ty .

In  an  in a r tic u la te d  “ qu asi-h o m o g en eo u s”  sam ple p a r tic ip a tio n  o f  a 
la y e r  in  th e  series o f  o p tic a l in te ra c tio n s  dep en d s on its  lo ca tio n  an d  th ic k n e ss  
o f  sam p le . O p tica l ro le o f  th e  su rface  lay e rs  is obv iously  d iffe ren t from  th a t  
o f  th e  in te rn a l lay e rs  (th o u g h  h a v in g  id e n tic a l op tica l p ro p e rtie s).

C oncept of “ q u asi-h o m o g en e ity ”  com bines tw o  sides o f  o p tic a l ro le of 
th e  in d iv id u a l lay e rs :

in  one re sp e c t: th e  lay er in c rea se s  su b stan ce  q u a n t i ty  o f  th e  sh ee t 
p a c k e t;  position  o f  th e  lay e r re su ltin g  th e  increase  is ineffec tive  to  th e  e x tin c 
tio n  v a lu e  o f th e  w hole sheet p a c k e t

in  th e  o th e r  re sp ec t: m a g n itu d e  o f p a r tic ip a tio n  o f a la y e r  in  d ev e l
o p m e n t o f ex tin c tio n  v alue  of th e  sh e e t p a c k e t depends on its  lo ca tio n .

T h is  fac t has specia l im p o rta n c e  a t  th e  fo rm atio n  an d  e v a lu a tio n  of 
a b so rp tio n  sp ec tru m  o f a sc a tte rin g  sam ple .

4 A d a  Chim. Acad. Sei. Hung. 63, 1970
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L im its  o f  range o f  the exam ined  phenom ena

In te rn a l p a ra m e te rs  o f  sca tte rin g  sam p les  a n d  e x te rn a l p a ra m e te rs  o f 
m e a su re m e n ts  can  b e  e x tra o rd in a r ily  v a rio u s  a n d  d iverse . T h u s m easu red  d a ta  
re g a rd in g  em p irica lly  s ta te d  re la tions are  conclusive  fo r tlic  a c tu a l ty p e  o f 
in v e s tig a tio n  only .

S ca tte rin g  sam p les  on  p ap er basis show  re la tiv e ly  sm all a b so rp tio n  
a n d  h ig h  sca tte rin g . V a lu e  o f  regu lar re flec tio n  is a b o u t 4 %  [36]. Q u a n tity  
o f  ra y s  tra n sm itte d  in  u n a lte re d  d irec tio n  is neg lig ib le  (low er lim it o f  lay e r 
th ic k n e ss  was se lec ted  so). M easurem ents w ere c a rr ie d  o u t u n d e r co n d itio n s 
p ro v id e d  by  th e  o p tic a l a rra n g e m en t o f U n icam  S P  700 sp e c tro p h o to m e te r . 
D ire c te d , n o n -p o la rized  a n d  m o n o ch ro m atic  l ig h t w as used  for illu m in a tio n .

I t  is supposed  t h a t  th e  o b ta in ed  re la tio n s  a re  v a lid  fo r o th e r  — sim ila r — 
s c a tte r in g  sam ple to o ;  y e t ,  v erifica tio n  need s a c tu a l m easu red  d a ta . “ Q uasi- 
ho m o g en eo u s”  sam p les  on  p a p e r basis w ere fo u n d  to  be th e  m ost su ita b le  
fo r  in v es tig a tio n  o f  th e  d iscussed  p h en o m en a .

*

T h e  a u th o r’s th a n k s  a re  d u e  to  D r. L. L á ng  a n d  G. Ma jo r  fo r th e ir  m an y  v a lu ab le  
a d v ic e s  and  help in design  o f  o p tim a l in s tru m e n ta l co n d itio n s.
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INVESTIGATION OF THE ELECTRONIC STRUCTURE 
OF NUCLEOTIDE BASE ANTIMETABOLITE-TYPE 

POSSIBLE ANTICARCINOGENS, II
M O N O SU BST ITU TED  P U R IN E S, A D E N IN E S  AN D  G U A N IN E S  

J .  Ladik  and G . B i c z ó
(Central Research Institu te fo r  Chem istry o f the H ungarian A cadem y o f Sciences, B udapest)
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The n  electron charge densities o f d ifferent m onosubstituted purines, adenines 
and guanines have been calculated w ith  the aid o f  the semiempirical SCF LCAO MO 
m ethod. The substitu en ts were the same as in th e  previous paper.

On the basis o f the obtained charge d istributions som e probable correlations 
seem  to ex ist betw een the charge densities and the anticarcinogenic a c tiv ity  o f the  
tested  com pounds. To estab lish  better these correlations the calculation o f further  
quantum  chem ical ind ices is necessary.

Acta Chirnica Academiae Scientiarum Hungaricae, Tomus 63 (1) ,  pp. 53 58 (1970)

In troduc tion

in  ou r p rev ious p a p e r  [1], th e  charge  d is tr ib u tio n s  o b ta in ed  fro m  our 
sem iem pirical SCF LCAO MO ca lcu la tions fo r  a series o f m o n o su b s titu te d  
py rim id in es , u rac ils , th y m in e s  and  cy tosines h a v e  been given. In  th e  p re se n t 
p ap e r we give th e  SCF ch a rg e  d is tr ib u tio n s  o b ta in e d  w ith  th e  a id  o f  th e  
sam e m eth o d  and  using  ev ery w h ere  th e  sam e  p a ra m e te rs  ( /,, E,-, Z,-, ß ,

Fig. 1. The num bering of atom s in purine (Pu), adenine (A ) and guanine (G). The arrows ind i
cate those positions o f su bstitu tion  for which the calculations have been perform ed
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Table I

SC F  charge densities o f  mono substituted purines

S u b s titu en t/P o s itio n 1 2 3 4 5 6 7 8 9 1 0 11 12

P u 1.122 0.908 1.136 0.949 1.012 0.924 1.140 0.933 1.876

2 - F 1.144 0.880 1.162 0.946 1.023 0.921 1.139 0.939 1.877 1.968 — —

2 - Cl 1.133 0.898 1.149 0.948 1.018 0.923 1.139 0.937 1.877 1.979 — —

2—Br 1.125 0.905 1.140 0.949 1.014 0.924 1.140 0.934 1.876 1.993 — —

2—J 1.122 0.908 1.137 0.949 1.012 0.924 1.140 0.933 1.876 1.999 — —

6— F 1.149 0.905 1.148 0.948 1.034 0.894 1.141 0.939 1.876 1.967 — —

f t - Cl 1.135 0.907 1.143 0.948 1.023 0.913 1.140 0.937 1.876 1.978 — —

6— Br 1.126 0.908 1.138 0.949 1.015 0.921 1.140 0.934 1.876 1.993 — —

6 -.T 1.122 0.908 1.136 0.949 1.013 0.924 1.140 0.933 1.876 1.999 — —

8— F 1.122 0.914 1.136 0.958 1.007 0.930 1.180 0.904 1.881 1.967 —

8—Cl 1.122 0.912 1.136 0.954 1.009 0.928 1.160 0.928 1.879 1.977 — —

8 -  Br 1.122 0.909 1.136 0.950 1.011 0.925 1.146 0.930 1.877 1.993 — -

8—J 1.122 0.908 1.136 0.949 1.012 0.924 1.141 0.933 1.876 1.999 —

2—OH 1.144 0.866 1.162 0.946 1.023 0.922 1.139 0.940 1.877 1.963 — —

2 -O -C -H 3 1.143 0.891 1.160 0.945 1.022 0.921 1.139 0.938 1.876 1.950 0.921 1.093

2 - S H 1.132 0.898 1.148 0.948 1.017 0.923 1.140 0.936 1.876 1.982 — —
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2— N H , 1.144 0.892 1.162 0.946 1.024 0.921 1.139 0.941 1.877 1.954 — —

2 - C - H 3 1.120 0.916 1.134 0.949 1.010 0.923 1.140 0.931 1.876 0.924 1.077 —

1 -  Г
i  b \ 0 - H 1.088 0.953 1.095 0.950 0.986 0.923 1.143 0.913 1.874 0.565 1.756 1.754

6 - O H 1.148 0.905 1.149 0.947 1.033 0.899 1.141 0.939 1.876 1.962 — —

6 - 0 - C - H 3 1.147 0.905 1.147 0.946 1.032 0.905 1.138 0.942 1.874 1.950 0.921 1.093

6 - S H 1.134 0.907 1.142 0.948 1.022 0.913 1.140 0.936 1.876 1.982 — —

6 — N H j 1.149 0.905 1.149 0.948 1.033 0.906 1.141 0.940 1.876 1.953 — —

6 - C - H 3 1.120 0.907 1.134 0.949 1.010 0.932 1.141 0.930 1.876 0.925 1.077 —

6 - C \ 0 - H
1.082 0.907 1.110 0.949 0.974 0.973 1.137 0.913 1.876 0.568 1.756 1.756

8 — O H 1.122 0.914 1.136 0.958 1.007 0.930 1.180 0.914 1.881 1.962 — —

8 - O - C - H 3 1.122 0.913 1.136 0.957 1.008 0.929 1.175 0.916 1.881 1.949 0.926 1.008

8 — SH 1.122 0.911 1.136 0.953 1.010 0.927 1.155 0.925 1.879 1.981 — —

8 — N H , 1.122 0.915 1.136 0.958 1.007 0.931 1.181 0.917 1.882 1.952 —
_

8 - C - H 3 1.122 0.906 1.136 0.947 1.013 0.923 1.134 0.941 1.877 0.930 1.073 —

К1
o

oVиCO 1.121 0.888 1.136 0.925 1.021 0.906 1.062 0.976 1.875 0 .576 1.754 1.761
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Table II

SC F  charge densities o f monosubstituted adenines

СЛCD

S u b s titu en t/P o s itio n 1 2 3
4

5 6 7 8 9 10 11 12 13

A 1.149 0.905 1.149 0.948 1.033 0.906 1.141 0.949 1.876 1.953 _ ._■

2— F 1.171 0.878 1.175 0.945 1.044 0.904 1.140 0.946 1.877 i  .953 1.968 —
2—Cl 1.160 0.896 1.162 0.946 1.039 0.905 1.140 0.944 1.876 1.953 1.979 —

2—Br 1.152 0.903 1.153 0.947 1.035 0.906 1.141 0.941 1.876 1.953 1.993 — —

2—J 1.149 0.905 1.150 0.948 1.033 0.906 1.141 0.940 1.876 1.953 1.999 — —

Рчcc 1.149 0.912 1.149 0.958 1.028 0.917 1.181 0.911 1.881 1.953 1.967 — —

8 - Cl 1.149 0.909 1.149 0.953 1.030 0.910 1.162 0.930 1.879 1.953 1.978 — —

8—Br 1.149 0.907 1.149 0.949 1.032 0.907 1.147 0.932 1.877 1.953 1.993 — —

8— J 1.149 0.906 1.149 0.948 1.033 0.907 1.142 0.940 1.876 1.953 1.999 — —

2—OH 1.171 0.883 1.174 0.945 1.044 0.904 1.140 0.947 1.877 1.953 1.963 — —

2— 0 — C - H 3 1.170 0.889 1.173 0.944 1.042 0.904 1.140 0.945 1.876 1.952 1.950 0.921 1.093

2—SH 1.159 0.896 1.161 0.947 1.038 0.905 1.141 0.943 1.876 1.953 1.982 — —

2 - N H , 1.171 0.890 1.175 0.945 1.044 0.904 1.140 0.947 1.877 1.953 1.954 — —

2— C— H 3 1.147 0.914 1.147 0.948 1.031 0.906 1.141 0.938 1.876 1.952 1.923 1.079 —

M

o
oC
J1СЯ 1.116 0.950 1.108 0.949 1.007 0.905 1.144 0.920 1.874 1.952 0.565 1.755 1.755

8—OH 1.149 0.912 1.149 0.957 1.028 0.912 1.180 0.916 1.881 1.953 1.962 — —

8—0 - C -  H3 1.148 0.910 1.149 0.957 1.029 0.91 1 1.176 0.922 1.881 1.950 0.925 1.089 —

8— SH 1.149 0.909 1.149 0.952 1.031 0.909 1.159 0.930 1.878 1.953 1.982 — —

8 -N H ., 1.149 0.912 1.149 0.957 1.028 0.913 1.182 0.924 1.881 1.953 1.952 — —

8 - C - H ,

8- c< 8 - h
1.148 0.885 1.149 0.923 1.041 0.889 1.063 0.983 1.874 1.950 0.578 1.755 1.761
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Table III

SC F charge densities o f  monosubstituted guanines

S u b stitu en t/P o s itio n * 2 3 4 5 6 7 8 9 10 11 12 13 14

G 1.887 0.869 1.188 0.953 1.051 0.761 1.119 0.962 1.861 1.405 1.944 _ _ _
8 --F 1.886 0.879 1.185 0.969 1.044 0.763 1.155 0.931 1.867 1.408 1.946 1.968 — —

8 --Cl 1.885 0.875 1.185 0.962 1.046 0.763 1.137 0.991 1 .8 6 4 1.408 1.945 1.978 — —

8 - - B r 1.886 0.872 1.186 0.956 1.048 0.763 1.124 0.960 1.862 1.407 1.945 1.993 — —

8- -J 1.885 0.871 1.186 0.954 1.049 0.763 1.119 0.963 1.867 1.407 1.945 1.999 — —

8 - -O H 1.886 0.879 1.185 0.969 1.044 0.763 1.155 0.936 1.867 1.408 1.946 1.963 — —

8 - - 0  C - H 3 1.887 0.865 1.194 0.961 1.046 0.756 1.146 0.939 1.866 1.415 1.946 1.971 0.919 1.089

8 - SH 1.885 0.875 1.186 0.961 1.046 0.763 1.135 0.951 1.864 1.408 1.945 1.982 — —

8 - - n h 2 1.886 0.880 1.185 0.970 1.044 0.763 1.155 0.944 1.867 1.409 1.946 1.953 — —

8 - - C H 3 1.885 0.867 1.187 0.949 1.049 0.763 1.112 0.971 1.862 1.406 1.944 0.928 1.077 —

8 - r ^ 0
_U4 ) - H 1.884 0.843 1.190 0.909 1.054 0.763 1.045 1.009 1.859 1.398 1.941 0 .5 8 2 1.765 1.766

СЛ
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v a lu e s )  as in  th e  p re v io u s  p a p e r  (see T ables I  a n d  I I  o f [1]), for m onosubsti- 
t u t e d  pu rin es , aden ines a n d  guanines. T he s u b s t i tu e n ts  w ere also th e  sam e, 
as p re v io u s ly  ( — F , —Cl, — B r, — J . O H , — O C H 3, —SH , —N H 2, —C H 3, 
a n d  — COOH).

T h e  num bering  o f  th e  p a re n t com pounds, to g e th e r  w ith  th o se  positions 
o f  su b s ti tu tio n s  w hich  do  n o t  in terfere  w ith  th e i r  a b ility  to  b u ild  in  to  DNA 
a n d  fo r  w hich th e re fo re  th e  calculations h a v e  b een  perfo rm ed , a re  show n 
in  F ig . 1. The g e o m e try  u se d  for th e  p a r e n t  co m pounds w as ta k e n  again  
f ro m  Spencer  [2]. T h e  n u m b e r in g  of th e  s u b s t i tu e n ts  is th e  sam e as in  [1].

R esu lts and d iscussion

In  Tables I, I I  a n d  I I I  we give th e  re s u lt in g  SCF charge d en sities ob
ta in e d  for the  c a lc u la te d  com pounds.

F ro m  th e  d a ta  g iv e n  in  th e  Tallies w e c a n  see, as in  th e  case o f m ono- 
s u b s t i tu te d  p y rim id in e - ty p e  com pounds [1], t h a t  in  m ost cases th e  charge 
d e n s itie s  of th e  p a re n t  co m p o u n d s are c h a n g e d  in  a la rg e r a m o u n t on ly  a t 
th e  p o s itio n  of s u b s t i tu t io n  a n d  a t the  tw o n e ig h b o u r in g  a tom s. In  som e cases, 
h o w e v e r , th e  s u b s ti tu t io n  causes a ra th e r  la rg e  ch an g e  in  th e  ch arg e  d is tr i
b u t io n  o f th e  w hole m o le c u le  (for in s ta n c e  in  th e  cases of 2 — C O O H  — A 
a n d  8 — CO O H —G). I t  is  f u r th e r  w orthw hile  to  m e n tio n  th a t  th e  ch arg e  den
s i ty  o f  n itrogen  a to m  9 (w h e re  these co m p o u n d s b in d  to  th e  su g ar in  th e  n u 
c le ic  acids) changes in  a ll cases  only very  l i t t le  a lso  b y  su b s titu tio n  a t  carbon  
a to m  8 .

C om paring th e  c h a rg e  densities o f th e  te s te d  and  ac tiv e  com pounds 
[4] w i th  those of th e  u n te s te d  ones i t  seem s a g a in  possib le to  f in d  som e p ro b 
a b le  co rre la tions b e tw e e n  th e  SCF n  e le c tro n  charges an d  th e  an tica rc in o - 
g e n ic  a c tiv ity . To e s ta b lis h , how ever, b e t te r  th e s e  co rre la tio n s, i t  is necessary  
a g a in ,  as in  th e  case  o f  th e  m o n o su b s titu te d  p y rim id in e -ty p e  com pounds, 
to  d e te rm in e  fu r th e r , m o re  cha rac teris tic  q u a n tu m  chem ical ind ices. These 
c a lc u la tio n s  are in  p ro g re s s .

W e should like to exp ress our gratitude to Dr. A . U d v a r d y  for collecting m any data in 
th e  literature about the ex p erim en ta lly  tested anticarcinogen ic  a ctiv ity  o f a part o f the 
in v estig a ted  compounds. W e are further indebted to  M iss A. J esze n á k  for tabu lating the 
ca lcu la ted  charge densities.
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POTENTIAL AND ELECTRON ENERGY CURVES 
OF ISOELECTRONTC MOLECULES

S. Szőke , Zs . Y ajna  and G. J alsovszky

(Central Research Institute fo r  Chemistry o f  the Hungarian A cadem y o f  Sciences, Budapest)

R eceived Novem ber 26, 1968

P otential energy curves o f isoelectronic m olecules have been calculated by a 
combined m ethod using adjusted parameters. For these m olecules electronic energy  
curves and electronic force constants are given.

T he p o te n tia l en e rg y  cu rves of isoelec tron ic  d ia to m ic  m olecules, h av in g  
th e  sam e o rb ita l c o n fig u ra tio n , show s im ila rity  in  th e ir  position  as w ell as 
in  th e ir  shape. T h e  sam e s ta te m e n t has been  fo u n d  v a lid  for th e  e lec tro n ic  
en erg y  curves, o b ta in e d  b y  su b tra c tin g  C oulom b a ttr a c t io n  te rm s from  th e  
p o te n tia l energy  d a ta  a n d  b y  ta k in g  in to  c o n s id e ra tio n  fo rm ulas com ing  from  
B ingel u n ited  a to m  th e o ry .

T he e lectron ic  s t ru c tu re  o f th e  SiO m olecu le  can  be w ritte n  acco rd in g  
to  Mulliicen [1]:

S it) [K L K  ( a x f  (ay)2 ( я )4 (a z f ] .

T he sam e s tru c tu re  can  be  d raw n  for th e  P N  a n d  CS m olecules d e sp ite  th e  
th e  fa c t th a t  in  th e  c lassica l descrip tion  P N  h a s  a tr ip le  b o n d , w hile CS an d  
SiO have  double ones. S im ila r is th e  s itu a tio n , o f course , in  th e  case o f  th e  
P 2 an d  SiS m olecules.

Several p a ra m e te rs  o f  th e  above m olecules a re  in  close s im ila rity , am ong  
o th e rs  th e ir  reduced  m asses, b o n d  leng ths, th e  g eo m e trica l m eans o f th e  elec
tro n e g a tiv itie s , th o se  o f io n iza tio n  p o ten tia ls , a n d  e ffec tive  nu c lea r charges. 
T h ere  is no decisive d iffe rence  in  d issociation  en erg ies, e ith er. T he in flu en ce  
on th e  shape of th e  cu rv es  ex e rted  by  th e  d iffe rences in  d issocia tion  energ ies 
ac ts , an y w ay , m a in ly  in  th e  reg ion  of h igher q u a n tu m  n um bers. Som e o f th e  
afo resa id  p a ra m e te rs  a re  lis ted  in  T able I.

On th e  basis o f  th e  s im ila rity  o f th e  m o s t im p o r ta n t  spec tro scop ic  
c o n s ta n ts  — som e o f th e m  being  fam iliar as p o te n tia l  energy  d e riv a tiv e s  of 
d iffe ren t o rd er — analog ies m ay  be expected  in  p o te n tia l  energy  cu rves. F o r 
a reaso n ab le  ju s tif ic a tio n  o f  th e  assum ptions a b o u t th e  analogous b e h a v io u r  
o f e lec tron ic  en erg y  cu rv e s , beyond  th e  B ingel ru les in  th e  R  « R e reg ion  
w here ro u tin e  ca lcu la tio n s  can  h a rd ly  be ca rried  o u t, a m ore accu ra te  p o te n tia l  
en erg y  expression  is re q u ire d  for m edium  an d  h ig h  q u a n tu m  n u m b ers  as w ell.
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Table I
Parameters o f  isoelectronic molecules

(In teratom ic distances in Â, anharm onicity constants, rovibrational coupling constants
and rotational constants in cm -1)

Re 0)ßXe Be

SiO 1.510 6.05 0.0049 0.7623

CS 1.534 6.50 0.0062 0.8205
PN 1.491 6.98 0.0055 0.7862
P2 1.894 2.80 0.0014 0.3032

SiS 1.928 2.56 0.0015 0.3036

In  th e  follow ing a m ore  su ita b le  m e th o d  is p roposed  fo r d e r iv in g  p o te n 
t ia l  e n e rg y  expressions o f im p ro v e d  accu racy  in  th e  field  of som e isoe lec tron ic  
m o lecu les .

The exp erim en ta l p o ten tia l energy curves

T h e  R y d b e rg -K le in -R e e s  (R K R ) e x p e rim e n ta l cu rves w ere ca lcu la ted  
on  th e  b as is  o f d a ta  ta k e n  fro m  th e  m o n o g rap h  o f P earse  an d  Ga y d o n  [2]. 
T h e  sp e c tru m  of P N  w as m e asu red  b y  Curr y  an d  H erzberg  [3], t h a t  o f CS

A cta  Chim. Acad. Sei. Hung. 63, 1970
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b y  J evons an d  by  Craw ford  [4, 5] w hile th e  sp ec tru m  of SiO w as m easu red  
b y  J evons and  Sharma [6 ], an d  th a t  o f SiS by  B arrow  an d  J ev o n s  [7].

T he p o te n tia l en e rg y  cu rv es o f P N  an d  P 2 were recen tly  c a lc u la te d  b y  
R ai an d  Singh  [8 ]. R max and jRmin values w ere ca lcu la ted  for th e  1E  s ta te s  
an d  i t  lias been found  th a t  th e  shapes o f  th e  cu rves o f th e  isoelec tron ic  m olecu les 
a re  v e ry  sim ilar. T he R max— R mjn values are  in  close ag reem en t a t  low and  
m ed iu m  q u a n tu m  n u m b ers .

T h e  e x p e rim e n ta l cu rv es  o f these  m olecules show  th a t  th e  a g re e m e n t 
b e tw een  SiO an d  CS is b e t te r  th a n  betw een  P N  an d  SiO or P N  a n d  CS, re s 
p e c tiv e ly , ju s tify in g  th e  a ssu m p tio n  th a t  th e re  is a m o d era te  d iffe rence  
b e tw een  P N  an d  th e  o th e rs  (F ig . 1).

Empirical potential energy functions using adjusted parameters

T h e com pleteness o f  th e  ca lcu la tio n  o f R K R  p o te n tia ls  is l im ite d  b y  th e  
lack  o f  su ffic ien t sp ec tro sco p ic  d a ta  defin ing  th e  w hole p o te n tia l. In  o rd e r  to  
o b ta in  a com plete  e lec tro n ic  en erg y  cu rve , th e  f irs t  s tep  is to  se lect a su ita b le  
em p irica l fu n c tio n  fo r th e  h igh  an d  m edium  q u a n tu m  n u m b ers . W ith  th e  
a d v e n t  o f d ig ita l c o m p u te rs  th is  p rob lem  has becom e v e ry  sim ple. P ro g ra m s 
can  be w ritte n  able to  c a lc u la te  fiv e  o r six  (or even m ore, i f  i t  is w o rth w h ile )  
em p irica l fu n c tio n s a t  once , an d  to  select th e  m ost co n v en ien t o n e  w ith  
re g a rd  o f  th e  R K R  v a lu es . In  a reas  w here no m ore ex p e rim en ta l d a ta  ex is t 
ca lcu la tio n s  can be ca rried  o u t b y  th e  o p tim a l em pirical fu n c tio n .

W hen  no em pirica l fu n c tio n  can  be found  th a t  f its  th e  e x p e rim e n ta l 
d a ta ,  th e  te rm  d e te rm in in g  th e  sh ap e  o f th e  cu rv e  can  be a d ju s te d  b y  re p la c in g  
co h e re n t U  and  R  va lu es  (R max or Rmin) in to  th e  em pirica l eq u a tio n  se lec ted  
befo re .

A p ro g ram  has been  w ritte n  w ith  th e  ab o v e  claim  and  i t  has b een  fo u n d  
th a t  i t  is th e  R y d b e rg  em p irica l fu n c tio n  th a t  f i ts  well th e  e x p e rim e n ta l 
d a ta .  B y  a d ju s tin g  th e  (k /D )1 2 expression  th e  R y d b e rg  “ 6”  c o n s ta n t  leeds 
to  m ore  a c cu ra te  cu rve . T h e  R y d b e rg  fu n c tio n  has th e  form

D e -  U ( R ) =  D r ( 1 +  bo) e~be ( 1 )

w here b =  (fep/D,.)1 2 an d  q =  R  — R c.
L e t th e  eq u a tio n  be  tra n s fo rm e d  in to

D c U ( R )

D e
(* +  I ) * “*.

B y N ew to n ’s successive a p p ro x im a tio n ,

X n =  / ( * „ _ , ) / / '  ( * n- l )
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г [A]
F ig .  2 . P o te n tia l curves o f P 2. ® deno tes R K R -, 

О em pirical R y d b erg - and  x  th e  ad ju s ted  
R y d b e rg  d a ta

—I--------------1-------i____ i____
1.529 1.929 2.329 2.729 3.129 3.529 

г [A]
F ig . 3 . P o te n tia l curves of SiS. ф  denotes 
R K R -, an d  О th e  a d ju s te d  R y d b e rg  d a ta
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F i g .  4 .  P o te n tia l cu rves 'o f  SiO. o’ 'd eno tes 
R K R -, •  em pirical R y d b erg - and  v the  

ad ju s ted  R y d b e rg  d a ta

w
on
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F ig .  7. E n erg y  curves o f P 2 an d  SiS. I: C oulom b energy , 
I I :  to ta l  p o ten tia l energy , I I I :  e lectro n ic  energy
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a n  ite ra tiv e  so lu tio n  can  be  g iven  for x  a t  d e f in ite  ( U, R )  va lues from  w h ich  к 
as a v a riab le  p a ra m e te r  o b ta in s  a value d iffe re n t from  kc used in  E q  (1). 
T h is p a ra m e te r  leeds to  b e t te r  em pirical a p p ro a c h  th a n  th e  orig inal one , 
w here к is ta k e n  from  th e  l i te ra tu re .

F igures 2, 3, 4 , 5, a n d  6 give th e  e x p e rim e n ta l, th e  R y d b erg  em p irica l 
a n d  th e  a d ju s te d  R y d b e rg  curves o f SiO, CS, P N , P 2 an d  SiS m olecules.

The electron energy function of isoelectronic molecules

A ccording to  one  o f  th e  p o te n tia l a ssu m p tio n s  th e  p o te n tia l en e rg y  can  
he  w ritte n  as a sum  o f tw o  te rm s , n am ely  th e  C oulom b a ttra c tio n  a n d  th e  
e lec tron ic  energy :

U (R )  =  Z A Z B/ R AB +  U e l .

In  th e  region w here  R  <§ R e th e  e lectron ic  en e rg y  can  be given as a pow er 
series expression [9]:

U el — E(0)  +  E 2 R 2 -J- Е я R a ,

where E (0) is th e  u n ited  atom  energy, E 2 and E 3 are electron energy co effi
cients whose more accurate defin ition  can he derived from the R ingel  rules [10]

^  ---^ Z: -L (0 ) /6 ]  - Г R o2,0 (R)dRj
+  Z B [  J o  J

and
£  _  Z B (Z% +  Z-X) / dg  pp

3 ( Z A +  Z Bf  ' 12 ( d R  j 0

w here q deno tes e lec tro n ic  densities an d  tra n s i t io n  densities, re sp ec tiv e ly .
W hen th e  u n ite d  a to m  is com m on an d  MO co n fig u ra tio n s  are  th e  sam e , 

th e  electron ic  cu rves sh o u ld  be also v e ry  s im ila r in  th e  in d ica ted  f ie ld , a n d , 
as a consequence, also o v e r th e  w hole range  o f in te ra to m ic  sep ara tio n s.

F igu re  7 show s th e  C oulom b, th e  p o te n tia l  a n d  th e  e lectron ic  en e rg y  
fu n c tio n s o f P 2 a n d  SiS m olecules in  th e  a rea  w h ere  ca lcu la tio n s can  be  p e r 
fo rm ed . I t  has been  ea s ily  d e m o n s tra te d  t h a t  th e  e lec tron ic  energy  cu rv es  
are  s im ila r to  each  o th e r  in  shape  as well as in  th e  energy  values.

;Electronic force constants of isoelectronic molecules

A ccording to  th e  H e llm an n  -F e y n m a n  th e o ry  th e  e lec tron ic  force 
c o n s ta n ts  can  be o b ta in e d  by  th e  d iffe re n tia tio n  o f th e  H am ilto n ian  o f d ia 
to m ic  m olecules:

H =  -  —  JV A ,  -  +  _ v  —  +  -Z a-Z b . >
2 “ T  i j  r i j  i < j  r i j  R - a b

5 Acta Chim. Acad. Sei. Hung. 63, 1970
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T h e  seco n d  d eriv a tiv e  h as  th e  fo rm

/ „ . « 5 Æ -  z J U . « )
З Д в  I J  4

4 . „  „ Ç do . .. . cos 6h  ,
—  tiq( B , R)  +  ZB —- (r ,f? ) --------— d r . (2)
3 ] J dK r,“

T h e  C oulom b a ttr ib u tio n  is easily  se p a ra te d  an d  th e  re m a in d e r in  expression
(2) is  th e  electronic force c o n s ta n t. W h en  accep tin g  Mu r r el’s p ro p o sitio n  
fo r  c a lc u la tin g  th e  C oulom b te rm  [11], we a re  ab le to  ju s tify  th e  a ssu m p tio n  
t h a t  th e  e lectron ic  force c o n s ta n ts  o f iso e lec tro n ic  m olecules a re  v e ry  sim ilar 
to  e a c h  o th e r. T ab le  I I  show s som e e lec tro n ic  force co n s ta n ts  o f  iso e lec tro n ic  
m o le c u le s  of th e  sam e o rb ita l  c o n fig u ra tio n .

T able  II
F o r c e  c o n s ta n ts , in te r a to m ic  d is ta n c e s  a n d  e le c tro n ic  fo rc e  c o n s ta n ts  o f  iso e le c tro n ic  m o lecu le s

ke Re b

CP 7.83 1.562 16.4

s ín 7.29 1.572 16.5

со 19.02 1.128 58.3

n 2 22.96 1.094 65.2

cs 8.49 1.534 22.2

PN 10.16 1.491 24.5

SiO 9.25 1.510 23.0

p 2 5.56 1.894 11.5

SiS 4.94 1.928 10.6
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The generalization of the m onolayer m odel o f  adsorption from liquid m ixtures 
leads to contradictions. Properties related to the structure of the liquid (association , 
H -bonding, etc.) point to m ultilayer adsorption in the case o f several Г  —  x  isotherm s 
for which precise calculations of the specific surface area of the adsorbent ind icate  
m onolayer adsorption. Furtherm ore, m ulti-valued and “ oscillating” free-energy func
tions are obtained for certain linear isotherm s which is im possible to interpret. These  
contradictions can be resolved by assum ing that the m onom olecular ind ividual adsor
bed am ounts Г у and Г 2 are m ixed w ith one or more m olecular layers o f the bulk phase  
under the influence of surface forces due to structural factors. Thus a m ultilayer surface 
phase is formed in which the experim entally  observed excess substance is th e  sam e as 
w ith  m onolayer adsorption. The resulting m ultilayer adsorption can be described by  
exact mass balance equations.

1. M onolayer adsorp tion  o f  liquids

Since all co n sid e ra tio n s described  in  th e  p re se n t p ap er are  b a se d  on  th e  
gen era l m ass b a lan ce  e q u a tio n  o f Ostw ald  an d  de  Izaguirre [1] fo r  th e  
a d so rp tio n  o f  b in a ry  liq u id  m ix tu re s  on th e  su rface  o f solids, th is  ex p ressio n  
will f ir s t  be d erived . T he basic  re la tio n sh ip s  are

Г  r
*0 = -------- ^ ( 1>

J l o + ^ a .0 Г0

Г  — Г
X =  -  Л -°-----é l ---------- (2 )

/1 ,0  ~  Ц  +  /1 ,0  —  / 2

w here  x 0 an d  x  a re  th e  in itia l an d  eq u ilib riu m  m ole frac tio n s, re sp e c tiv e ly , 
Г 1 0 a n d  Г 2 0 are  th e  n u m b e r o f m oles o f th e  tw o  com ponen ts in  th e  in i t ia l  
m ix tu re  p rio r to  a d so rp tio n , Г 0 is th e ir  sum , i.e. th e  to ta l  n u m b e r o f  m oles 
in it ia lly  p re sen t, an d  Г х an d  Г 2 a re  th e  ex p e rim e n ta lly  observab le  a m o u n ts  of 
th e  tw o com p o n en ts  w h ich  d isa p p e a r  from  th e  b u lk  p h ase  as a re su lt o f  a d s o rp 
tio n . T h e  p o ssib ility  o f e x p e rim en ta l o b se rv a tio n  is due to  th e  fa c t t h a t  from  
E q s  (1) an d  (2) one o b ta in s

t x ) — F ,(1 x) F2x (3) -

5* Acta Chim. Acad. Sei. Hung. 63, 1970
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w here Г  =  Г 0(x 0 — x)  is a directly m easurable quantity  referred to in the  
literature as the “ a p p aren t” am ount o f adsorbed substance, the term  not 
b eing  a m ost fortu n ate one. Schay and N ag y  [2] have pointed out th at th e  
term  “ apparent” is n o t ju stified  since Г  is id en tica l w ith  the excess substance  
in th e  boundary phase as defined by Gib b s  and, therefore, i t  is an exact 
therm odynam ic n otion .

T h e d e riv a tio n  o f  E q . (3) involves no a ssu m p tio n s  ab o u t th e  m a g n itu d e  
o f Г j a n d  Г 2 th u s  i t  does n o t  p rov ide  in fo rm a tio n  concern ing  th e  th ick n ess  of 
th e  a d so rp tio n  p h a se , i.e. th e  n u m b er o f a d so rb e d  layers. As fo r th e  la t te r ,  
one  can  only m ak e  a ssu m p tio n s . In  th is  re sp e c t tw o opposite  co n cep ts  are  
c u r re n tly  in use: (i) th e  m ono layer (m onom olecu la r) m odel, an d  (ii) th e  p o re 
f illin g  m odel to  he  re g a rd e d  essen tia lly  as m u lti la y e r  a d so rp tio n  [3 — 7], th e  
l a t t e r  being  used esp ec ia lly  w ith  porous a d so rb e n ts . The b est c u rre n tly  a v a il
ab le  m onolayer th e o ry  su p p o rte d  by  co n v in c in g  ev idence  has been  developed  
b y  Schay  and  N agy  [2, 8 —13]. The fru itfu ln e s s  of th e ir  th e o ry  is due  to  
h a v in g  re jec ted  th e  a n a lo g y  w ith  gas a d so rp tio n  a n d  show ing th a t  th e  surface 
is a lw ay s fu lly  covered  in  liqu id  a d so rp tio n . T h u s  an y  exchange o f m ass in  
th e  b o u n d a ry  phase  is o n ly  possible b y  m u tu a l  d isp lacem en t of th e  co m p o n en ts . 
S ince th e  resu lts  o f  th e  ab o v e  au th o rs  a re  o f  fu n d a m e n ta l im p o rta n c e , th e  
m a in  po in ts  o f th e  th e o iy  w ill be o u tlin ed  h e re  w ith  special re fe rence  to  th e  
ev id en ce  p o in ting  to  m o n o lay e r a d so rp tio n . I t  w ill also be show n th a t  th is  
ev id en ce  is necessary  b u t  n o t  suffic ien t to  p ro v e  m ono layer a d so rp tio n , re s u lt
in g  in  certa in  c o n tra d ic tio n s  w hich, in  o u r o p in io n , can  only  be reso lv ed  by  
a ssu m in g  th e  ex is ten ce  o f  a special ty p e  o f  m u lti la y e r  a d so rp tio n  to  be  de
sc rib ed  m ore p rec ise ly  in  th e  su b seq u en t se c tio n s  o f th is  p ap er.

Schay an d  N a g y  re g a rd  q u a n titie s  Г y a n d  Г 2 as re fe rrin g  to  m ono- 
m o lecu la r ad so rp tio n , a n d  in tro d u ce  e q u a tio n

Г ХФХ +  Г 2Ф2 =  1 (4)

w h ere  Г у and  Г 2 a re  th e  in d iv id u a l ad so rb ed  a m o u n ts  (/im ole/m 2) in  m o n o lay er 
a d so rp tio n , Фу an d  Ф2 a re  th e  m olar re q u ire m e n ts  o f surface a rea  b y  th e  com 
p o n e n ts  m'-//imole. T h e  com position  of th e  b o u n d a ry  phase (x')  can  be c a l
c u la te d  easily from  E q s  (3) and  (4). T he re su lts  are

Г X +  Г Ф 2
(5)1 1 -

(Фу ф 2) *  +  Ф,

F ,  =
( 1  X ) ГФу

(6 )
(Фу Ф2) л; +  Ф..

X —
Гу x  +  Г Ф 2

( ? )
Гу +  Г  \ + Г ( Ф 2 Фу)

Acta Chim. Acad. Sei. H ung. 63, 1970
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Фу a n d  Ф2 in E qs (5) — (7) are  u su a lly  ca lcu la ted  from  v a p o r a d so rp tio n  d a ta  
w hile  Г  is a d irec tly  m easu rab le  q u a n t i ty  in  liqu id -so lid  b o u n d a ry  ad so rp tio n  
as a re su lt of th e  fo llow ing expression

Г  =  Г 0(х о -  X ) .

Г  c an n o t be d ire c tly  m easu red  in th e  case o f free-su rface  a d so rp tio n , 
th e  on ly  possib ility  be ing  th e  ca lcu la tio n  o f Г  b y  in te g ra tin g  th e  G ibbs eq u a tio n  
if  th e  su rface ten s io n  vs. com position  re la tio n sh ip  is k now n . O th erw ise , there  
is a fa r-reach in g  a n a lo g y  b e tw een  free-su rface and  liqu id -so lid  ad so rp tio n s , 
th e re fo re , th e  follow ers o f  th e  m o n o lay er ad so rp tio n  th e o ry  re g a rd  E q s  (3) 
(7) va lid  for th e  free su rface , too .

T he m easu red  o r c a lc u la ted  Г  — x  iso th e rm s h av e  been su b d iv id ed  by 
Schay  an d  N agy in to  f iv e  g roups (types) show n in  F ig . 1.

N ex t to  th e  Г  — x  iso th e rm  ty p es  in  F ig . 1 we h av e  show n th e  x ’ x, 
Гу  — x, and  Г 2 — x  iso th e rm s , to o , th a t  h av e  been ca lc u la ted  from  E qs
(5) (7) an d  th u s  in v o lv e  th e  assu m p tio n  o f  m o n o lay er a d so rp tio n . Types
I I ,  I I I ,  an d  IV  show  a w e ll-sep ara ted  lin ea r section  as opposed  to  th e  o ther 
ty p e s . I f  E q . (3) is re -w ritte n  as

Г  =  — {Гу +  Г 2) x  +  Гу  (8)

i t  can  easily  be seen th a t  on th e  lin ea r sec tions Гу  an d  Г 2 a n d , co n seq u en tly , 
also x ’ are  c o n s ta n t, i.e. th e  com position  of th e  su rface  p h ase  does n o t  change.

T he second im p o r ta n t consequence o f lin e a r ity  is t h a t  b y  e x tra p o la tio n  
to  x  =  0 and  x  =  1 (cf. F ig . 1) one can d e te rm in e  Гу  an d  Г 2 w h ich  a re  con
s ta n t  in  th e  lin ear in te rv a l. T h is m eans th a t  th e  specific  su rface  a rea  o f an 
a d so rb e n t (F ) can  be d e te rm in e d  by  using  th e  fo llow ing e q u a tio n

Гуфу  +  Г2Ф2 =  F  (9)

w here  I \  and  Г 2 a re  now  th e  in d iv id u a l ad so rb ed  a m o u n ts  p e r  u n it  w eight 
o f  th e  a d so rb e n t (/rm ole/g) o b ta in e d  b y  e x tra p o la tio n . I f  F  is kn o w n  or one 
deals w ith  a free-su rface  iso th e rm , i.e. Гу a n d  Г 2 a re  o b ta in e d  in  ^m o le /m 2 
u n its , th e  re su lt o f  th e  e x tra p o la tio n  shou ld  be in  a g reem en t w ith  E q . (4). 
T h e  ca lcu la tio n  o f F  b y  lin e a r  e x tra p o la tio n  h as  been  g iven  th e  n am e  “ g ra p h i
ca l m e th o d  of su rface  a rea  d e te rm in a tio n ”  an d  as such  i t  h as  been  w idely 
u sed . (In  th e  su b se q u e n t p a r ts  o f th is  p ap e r th e  lin ea r  sec tio n s o f th e  Г  — x  
iso th e rm s from  w hich  one can  ca lcu la te  th e  co rrec t v a lu e  fo r th e  surface 
a rea  w ill be te rm ed  as E -lin e a r sec tions, w hile th e  n o tio n  itse lf, as E -lin ea rity ) .

T he p rac tica l a p p lic a tio n  o f  th e  m e th o d  o f g rap h ica l su rface  d e te rm in a 
tio n  has led , u n d e r p ro p e r  co n d itio n s, to  good ag reem en t w ith  F  va lu es  ob
ta in e d  by  o th e r p ro ced u res . T h e  E -linear sec tions fo r a g iven  p a ir  o f  liqu ids 
on d iffe ren t a d so rb en ts  follow  th e  v a ria tio n s  o f  th e  specific  su rface  area .

Acta  C him . A c a d . S e i ,  H u n g . 63 1070
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Fig. 1. B asic  types of adsorption isotherm s of liquid m ixtures according to Schay  and N agy

T hese  are th e  u n d is p u ta b le  facts reg a rd ed  b y  th e  su p p o rte rs  o f th e  
m o n o la y e r  th e o ry  as ev id en ce  for m onom olecu lar a d so rp tio n  also o u ts id e  
th e  .F -linear iso th e rm  sec tio n s  w ith  th e  ex cep tio n  o f o n ly  a few  ch em iso rp tion  
p h e n o m e n a . H ow ever, i t  c a n  be  seen from  E q s  (1) — (2) t h a t  th e  ev idence 
b a s e d  on  th e  fac t of E - l in e a r i ty  on ly  proves th a t  th e  e x p e rim e n ta lly  observed  
a m o u n ts  o f m ass e x ch an g ed  b e tw een  th e  b u lk  a n d  su rface  phases are  in
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a g re e m e n t w ith  th e  m onom olecu la r co n cep t. T h e  eq u a tio n s d eriv ed  fro m  E q .
(3) c a n n o t give in fo rm a tio n  a b o u t th e  “ fa te ”  on  th e  surface o f th e  a m o u n ts  
Г г a n d  Г 2 t h a t  have  d isap p ea red  from  th e  b u lk  phase , i.e. w h e th e r th e  tw o 
su b s ta n c e s  rem ain  d isc re te ly  s e p a ra te d  in  a sing le  lay e r, or th e y  m ix  w ith  
one o r  m o re  m olecu lar lay e rs  o f th e  b u lk  p h ase  in  an  e x p e rim e n ta lly  in a c 
cessib le m a n n e r . T he re jec tio n  o f  th e  p o ss ib ility  concerning th e  m ix in g  of 
Г 1 an d  Г 2, i.e. th e  com plete  ad h eren ce  to  th e  m ono layer m odel, m a y  le a d  to  
serious c o n tra d ic tio n s . T he tw o  m o st im p o r ta n t  co n trad ic tio n s  w ill b e  a n a l
y zed  in  d e ta il.

T h e  gen era liza tio n  o f m o n o lay e r a d so rp tio n  c o n trad ic ts  th e  in d iv id u a l 
s t ru c tu ra l  p ro p e rtie s  o f liq u id  sy stem s such  as associa tion , h y d ro g e n  b o n d  
fo rm a tio n , p o la r  and  u n p o la r  s tru c tu re s , e tc . T h ese  p henom ena s u p p o r t ,  an d  
in  m a n y  cases also p rove  m u ltila y e r  a d so rp tio n . F o r exam ple , i t  is  k n o w n  
th a t  on  th e  basis  of th e  v an  d er W aals th e o ry , assu m in g  a surface w ith  a m ono- 
m o lecu la r th ick n ess  th e  E ö tv ö s  c o n s ta n t can  be  w ritte n  as

к  7V2/3
&E =  —----- ^  2 c rg /m ole  • degree ( 10)

w here  к  is th e  B o ltzm ann  c o n s ta n t, N  is th e  A vogadro  n u m b er, b is th e  v a n  
d er W aa ls  “ c o n s ta n t” , an d  V  is th e  m o la r  v o lum e. I f  b is reg a rd ed  as a v a r ia b le  
to g e th e r  w ith  th e  vo lum e an d  eq u a l to  one h a lf  of th e  m o lar v o lu m e , one 
o b ta in s  th e  va lu e  o f 2 erg/m ole • degree in  good ag reem en t w ith  th e  e x p e r im e n t. 
H o w ev er, E ö tv ö s  c o n s ta n ts  a re  o ften  o b ta in e d  w hich  are  s tro n g ly  d iffe re n t 
from  th e  v a lu e  ca lcu la ted  from  th e  a ssu m p tio n  of a m o n o lay er b o u n d a ry  
su rface . T h u s , for w a te r, e th a n o l, m e th a n o l, fo rm ic acid , ace tic  a c id , e tc . 
th e  e x p e r im e n ta l k E v a lues a re  in  th e  in te rv a l o f  0.6 1.35. A cco rd in g  to  our
p re se n t know ledge, th is  in d ic a te s  th e  a sso c ia tio n  of m olecules on th e  su rface  
an d  th e  fo rm a tio n  o f m u lt im o lecu la r s tru c tu re s  due to  H -b o n d s o r  o th e r  
fa c to rs .

A s a consequence o f th is , th e  s tr ic t  E - lin e a r ity  o f th e  e th a n o l w a te r  
free su rfa c e  (cf. F ig. 3) an d  o f th e  liq u id  iso th e rm s for th e  e th a n o l—w a te r -  
ch a rc o a l sy s tem  [13], [14] a t  25°C m u st in v o lv e  a c o n tra d ic tio n . “ S tr ic t” 
l in e a r i ty  m eans th a t  on th e  lin e a r  sec tion  o f  th e  free-surface is o th e rm  th e  
Г УФ1 -\- Г 2Ф2 sum  equals u n ity , a n d  th e  specific  surface a rea  c a lc u la te d  from  
th e  iso th e rm  on charcoal is , w ith in  1 —5 % , e q u a l to  th a t  d e te rm in e d  b y  th e  
B E T  m e th o d . N um erous o th e r  ex am p les  are  ava ilab le  in  th e  l i te r a tu r e  for 
w hich th e  possib ility  o f co rrec t specific  su rface  area ca lcu la tio n s  in d ic a te s  
m o n o la y e r ad so rp tio n  w hile o th e r  p h y sica l p a ra m e te rs  an d  th e  an o m a lie s  of 
th e  E ö tv ö s  c o n s ta n t are  in d ic a tiv e  o f m u ltila y e r  adso rp tion .

T h e  o th e r  c o n tra d ic tio n  concerns th e  th e rm o d y n am ic  a p p ro a c h  to  th e  
a d so rp tio n  o f liquid  m ix tu re s . T h e  genera l th e rm o d y n am ic  G ib b s-e q u a tio n
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o f  a d so rp tio n  can be  w r i t te n  for th e  a d so rp tio n  fro m  a b in a ry  liq u id  m ix tu re  
(2 ) as

I \ G = ------ ------------^ ------  (11)
R T  d  In ( f x x)

w h ere  Г ю  is th e  excess o f  com ponen t 1 in  th e  surface phase (^m ole /m 2), 
is th e  ra tio n a l a c t iv i ty  coeffic ien t, i.e. f ±x  is th e  a c tiv ity  of c o m p o n en t 1 in  

th e  h u lk  o f th e  liq u id  p h a se , a n d  у  is th e  su rface  te n s io n  of th e  m ix tu re  m easu red

Fig. 2. Variation of the surface free-energy as a fun ction  o f the activ ity  of com ponent 1

a t  c o n c e n tra tio n  x  ( a t  a c t iv i ty  fyx).  F o r a d so rp tio n  on  a solid su rface  у  is th e  
excess free-energy  o f  th e  p h ase -b o u n d a ry  la y e r  w ith  re sp ec t to  th e  bu lk  
p h ase  o f  id en tica l co m p o sitio n .

S chay  an d  N ag y  [2] h a v e  show n t h a t  Г г q in  th e  G ib b s-eq u a tio n  an d  
Г  d e te rm in e d  from  th e  Ostw ald  — de  I zag uirre  eq u a tio n

Г = Г  о(дг0 — a) (12)

Acta Chim. Acad. Sei. Hung. 63, 1970
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a re  re la te d  b y  th e  exp ression

Л .0 =  — • (13)
1 — X

U sing  E q . (13), th e  G ib b s-eq u a tio n  in te g ra te d  betw een  lim its  0 — f xx  can  
be w ritte n  as

I /,X d y  =  A y 2fa =  R T  Г'* — —  d ln ( f lX ). (14)
Jo Jo 1 — X

I f  th e  ex p e rim en ta l Г  — x  iso th e rm s p lo tte d  as -Z7(l — x ) vs. In f xx  p e rm it 
g ra p h ic a l or o th e r  a p p ro x im a te  in te g ra tio n , th e  free-energy  ch an g e  A y 2 a 
can  be ca lcu la ted . T h e  la t te r  is o b ta in e d  as th e  y 2 0 —  у  d iffe rence, w here

Fig. 3. Free-surface isotherm  for ethanol—water and the free-energy function  
calculated on the basis o f m onolayer adsorption

Acta Chim. Acad. Sei. H ung. 63, 1970
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y2 о i s th e  surface free  e n e rg y  (surface te n s io n ) a t  a c tiv ity  f xx  — 0 , i.e. t h a t  
fo r  p u re  co m p o n en t 2.

T h u s th e  fre e -e n e rg y  change il lu s tra te d  in  F ig . 2 can be c a lc u la te d  on 
th e  b as is  o f E q . (14).

I f  E q . (14) is in te g ra te d  betw een  lim its  1 an d  f xx, one o b ta in s  th e  
— Ziyi ü =  Ух о — У fre e -e n e rg y  change.

T h e  e th an o l—w a te r  free-su rface Г  — x  iso th e rm  ca lcu la ted  b y  in te g r a t 
in g  th e  G ibbs e q u a tio n , a n d  th e  free-en erg y  fu n c tio n  ob ta in ed  b y  m ean s o f 
E q . (14) are  show n in  F ig . 3.

Fig. 4. B enzene—ethanol—charcoal (720 m 2/g) isotherm  and th e  free-energy function  calculated  
on th e  basis of m onolayer adsorption

T h e a ssu m p tio n  o f  m ono layer a d so rp tio n  invo lves th a t  on th e  lin e a r  
se c tio n  o f th e  Г  — x  iso th e rm  x ’ is c o n s ta n t , co n seq u en tly , th e  zly2 0 vs. x '  
fu n c tio n  is m u lti-v a lu e d  w hich  is th e rm o d y n a m ic a lly  in co rrec t b ecau se  i t  
m e a n s  th a t  m ore th a n  one  zly2 0 can be c a lc u la te d  from  a single su rface  phase  
co m position .

I t  is even m ore  d if f ic u lt  to  in te rp re t th e  free -en erg y  fu n c tio n  fo r а Г  — x  
is o th e rm  w hich ch an g es sign  and  is lin e a r  in  th e  v ic in ity  of (p rio r  to  an d
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a fte r) th e  location  w here  th is  occurs. T he y vs. f xx  fu n c tio n  has a m in im um  
a t  Г  =  0 for such iso th e rm s  (cf.  F ig . 2), i.e. th e  Ay% q  vs. x ' has a m ax im u m . 
C o nsequen tly , A y ^ a  inc reases  p rio r  to , and  decreases a f te r , th e  change in  
th e  sign. I f  th is  occurs in  a lin e a r  iso therm  sec tio n , th e  free-energy  change 
a t  a given x '  will be n o t  o n ly  m u lti-v a lu ed  b u t  “ o sc illa tin g ” . F o r exam ple , 
th is  is m an ifested  on th e  free -en erg y  fu nc tion  o f  th e  ty p e  IV  iso th e rm  for th e  
benzene—eth an o l—ch arco a l sy s tem  (720 m 2/g) in  su ch  a m an n e r (2) th a t  th e  
m ax im u m  alm ost co llapses in to  a v ertica l line (cf. F ig . 4). On th e  basis o f 
th is  p henom enon , in e x p lic a b le  b o th  physica lly  a n d  th e rm o d y n a m ic a lly , we 
h av e  reach ed  th e  conclusion  t h a t  th e  m ono layer a d so rp tio n  m odel does n o t 
ap p ly  in  th e  above m e n tio n e d  cases. T he Ay% q v a lu es  o f  th e  A y -2 a v s■ x ' free- 
energy  fu n c tio n  h av e  b een  ca lcu la ted  from  E q . (14) w hich  is co rrec t in  all 
re sp ec ts , th e re fo re , th e  in e x p lic a b ility  of th e  free -en erg y  fu n c tio n s  can  only  
be due  to  th e  x  v a lu es  c a lc u la ted  on th e  basis o f  m o n o m o lecu la r a d so rp tio n .

S um m ariz ing  b r ie f ly  th e  above co n sid e ra tio n s , we h av e  show n th a t  
F - lin e a r ity , a co n v in c in g  ev id en ce  for th e  v a lid ity  o f  th e  m o n o lay er m odel, 
m a y  c o n tra d ic t to  th e  p h y s ica l an d  th e rm o d y n a m ic  p ro p e rtie s  o f  liq u id  
m ix tu re s . In  o u r o p in io n , th is  co n trad ic tio n  is d u e  to  th e  fa c t t h a t  in  th e  
m o n o lay er m odel Т г a n d  Г 2 o rig in a tin g  in  th e  b u lk  p h ase  are  re g a rd ed  as 
d isc ree tly  sep a ra te d  q u a n ti t ie s , d isregard ing  th e  p o ss ib ility  th a t  th e y  m ay  
in te ra c t  w ith  th e  b u lk  p h ase , a lth o u g h  in  a w ay  th a t  h as  escaped  ex p e rim en ta l 
d e tec tio n  as y e t. I f  th e  e x te n t  o f  th ese  in te ra c tio n s  a re  reck o n ed  w ith  on th e  
basis  o f  th e  law s o f liq u id  a d so rp tio n , all c o n tra d ic tio n s  can  be reso lved  and  
p e rh ap s  a m ore g enera l p ic tu r  o f  th e  ad so rp tio n  o f liq u id  m ix tu re s  w ill em erge.

A n y  in te ra c tio n  b e tw een  P v  Г 2 and  th e  b u lk  p h ase  is on ly  possible 
b y  m eans o f m u tu a l d isp la c e m e n t, i.e. th e  p rin c ip le  o f fu ll coverage  m u st 
rem ain  va lid . T h erefo re , we sh a ll assum e th a t  as a re s u lt  o f  th e  above m en tio n ed  
specific  surface forces w h ich  a re  due to  s tru c tu ra l  fa c to rs , an  a m o u n t Гх a o f 
co m p o n en t 1 is t ra n s fe r re d  in to  lay e r 2 w ith  c o n c e n tra tio n  x. In  acco rdance  
w ith  th e  p rincip le  o f d isp la c e m e n t, an  am o u n t 7 \  d o f  co m p o n en t 2 is s im u lta 
neo u sly  tra n s fe rre d  from  la y e r  2  in to  lay er 1. As a re su lt  o f  d isp lacem en t

Ги Фх =  Ги Ф2 .

A fter m ass tra n s p o r t  h as  ta k e n  p lace, we have

Г х , г = Г х - Г х 4 (15)
and

•̂ 2,1 =  +  ^2 ,d (16)

2. M ultilayer ad so rp tio n  as a re su lt o f m ass  tran sp o rt
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w h e re  Г 11 and Г 2 x a re  th e  a m o u n ts  of th e  tw o  com ponen ts in  la y e r  1 a fte r 
th e  ex ch an g e  of m ass h a s  gone to  com pletion . (In  th e  su b se q u e n t p a r ts  of 
th is  p a p e r , the  f irs t  a n d  seco n d  nu m era ls  o f a double  su b sc r ip t w ill re fer to  
th e  co m p o n en t an d  th e  la y e r , re sp ec tiv e ly . A single su b sc rip t re fe rs  to  a com 
p o n e n t  p a rtic ip a tin g  in  m o n o la y e r ad so rp tio n .)  P rio r  to  m ass tra n sp o r t, 
o n e  c a n  w rite  for a m o u n ts  W x2 a n d fF22 p re se n t in  la y e r  2  w h ich , according 
to  th e  m onolayer m odel, a re  n o t  adsorbed

W
* = ------^ -----  (17)

^ ,2  +  ^ ,2
a n d

Щ п Ф, +  Щ 0Ф2 =  1 ' ( l 8 )

F ro m  E q s  (17) and  (18) one  o b ta in s

Wl 2 =  - —  - . (19)
{Ф1 - Ф 2) х  +  Ф2

S im ila r ly ,

W2 2 = -  1 ~ X --------- . (20)
(Ф1 - Ф 2) х  +  Фг

A fte r  mass t r a n s p o r t  h a s  ta k e n  place, th e  am o u n ts  in  la y e r  2  m a y  again 
b e  d e n o te d  by  Г  re se rv e d  fo r  th e  adso rbed  am o u n ts  b ecause , h e re  to o , th e  
c o n c e n tra tio n  is d iffe ren t fro m  th e  equ ilib rium  v a lu e  x:

Л .2 = ^ 1,2 + r Xid

Г2 2 =  W2<2 — Г2 а .

T h u s  the  to ta l  a d so rb e d  am o u n ts  of th e  com ponen ts a re

( 21)

r u  =  /1  +  Wli2 (22 ;

l \ t =  r 2 +  Wv l . (23)

S ince the  O s t w a l d  —  d e  I z a g u i r r e  eq u a tio n  shou ld  be v a lid  in th is  
c a se , to o , we have

^  =  ^ ( 1 - * ) - ^ * .  (24)

I n s e r t in g  E qs (22) a n d  (23) in to  E q . (24), an d  ta k in g  in to  ac c o u n t Eqs 
(19) a n d  (20), one o b ta in s

Г  =  ( / ]  +  W] 2) (1 x)  (Г2 +  W12) x  =  (1 x) Г2х  . (25)
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If, in s te a d  o f  tw o , m ass tr a n s p o r t  involves re lay e rs , i t  is easy  to  see th a t

ru - r ,  + wlt +  ... + w i , - r l +  ; > 0̂ ir
and  (26)

Г 2 , =  Г2 +  Wt  2 +  . . . + W 2 „ =  Г 2 +  * ) -  .2,/ i - T  2.2 T  *•" (0 j  — Ф.,) X Ф.,

Thus id e n t i ty  (25) m ay  he w ritte n  in  a gen era l form  as

r  =  r h t ( l - x ) - r 2t =  r i ( l + x )  Г , х .  (27)

This m ean s th a t  m ass tr a n s p o r t  m ay  lead  to  a m u ltilay e r a d so rp tio n  ph ase  
in w hich  th e  excess a m o u n t Г  is id en tica l w ith  th a t  in a m o n o lay er p h ase .

T h e  to ta l  co n c e n tra tio n  (x /) in  th e  la y e rs  depends on th e  “ d e p th ”  (re) 
of m ass ex ch an g e , i.e.

x  _  J],i [(Ф , Ф 2) x  +  Ф 2] +  (re 1) x
r ul +  r 2it [(Ф , Ф2) х  +  Ф2\ [ Г 1 +  Г2] +  (п  1 ) '

I f  in  E q . (28) Г х and  l \  are  in se rted  acco rd in g  to  E qs (6 ) a n d  (5), one 
o b ta in s

», -  • ГФ (29)
re +  Г(Ф, Ф,)

which for re — 1 becomes identical with equation (7 ) derived by Schay and 
N a g y .

E q . (27) show s th a t  th e  Г  — x  iso th e rm  fo r m u ltilay e r a d s o rp tio n  due 
to  m ass t r a n s p o r t  is id e n tic a l w ith  th a t  fo r m o n o lay er a d so rp tio n , th e  tw o 
iso th erm s b e in g  in d is tin g u ish ab le . F o r b re v ity ’s sak e , th is  m u ltilay e r a d so rp tio n  
e q u iv a le n t to  m ono layer ad so rp tio n  will su b se q u e n tly  he referred  to  as ('equi
v a len t m u ltila y e r)  e.m. a d so rp tio n .

I t  is c lea r  from  th e  above consid era tio n s t h a t  e.m. ad so rp tio n  is im p o ssib le  
if m ass t r a n s p o r t  w ith  one or b o th  co m p o n en ts  is b y  som e reason  fo rb id d e n  
(the  la y e rs  a re  closed). T h is is th e  case if  c h em iso rp tio n  occurs in  th e  f irs t 
layer h u t  p h y sica l ad so rp tio n  tak es  place in  all su b seq u en t lay e rs . S im ila rly  
closed la y e rs  are  p re se n t on a d so rb en ts  w hose p o res  are  accessible o n ly  fo r  one 
of th e  co m p o n e n ts  (m olecu lar sieves), or if  th e  p h y sica l ad so rp tio n  o f  o n e  of 
the  co m p o n e n ts  re su lts  in complete d isp la c e m e n t o f  th e  o th e r from  th e  su rface  
(type  I I  iso th e rm ). T herefo re , i f  m u ltila y e r  a d so rp tio n  occurs in su c h  cases, 
th is  m a y  o n ly  lead  to  а Г  — x  iso th e rm  w hich is different  from  th a t  fo r m o n o la y e r 
a d so rp tio n  (E q . (27) does n o t hold).
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I n  connection  w ith  th e  in te rp re ta tio n  o f  th e se  m ass tra n s p o r t  e q u a tio n s  
i t  sh o u ld  be em phasized  t h a t  no conclusions sh o u ld  be d raw n a b o u t th e  tim e 
c o u rse  o f  e.m. a d so rp tio n  on  th e  basis of th e  m ass  tr a n s p o r t  m echan ism  o u tlin ed  
a b o v e . T h u s  we m a y  n o t  s ta te  th a t  m o n o la y e r ad so rp tio n  occurs f i r s t  and  
m a ss  t r a n s p o r t  to w ard s  d eep er-ly in g  lay ers  ta k e s  p lace su b seq u en tly . O bv i
o u s ly , th e  forces re su ltin g  in  m u ltilay e r a d s o rp tio n  are o p era tiv e  d u r in g  th e  
w h o le  tim e  in te rv a l re q u ire d  to  reach  a d s o rp tio n  equ ilib rium . T h e re fo re , it  
is c o m p le te ly  u n like ly  t h a t  a n  ex tended  p e rio d  e x is ts  during  w hich o n ly  m ono- 
la y e r  a d so rp tio n  occurs. T h e  above s e p a ia tio n  in  tim e  of th e  tw o  k in d s  of 
a d s o rp t io n  was req u ired  o n ly  b y  th e  n a tu re  o f  th e  m a th em a tica l t r e a tm e n t  
u se d . F o r  exam ple, th e  s ta te s  p rio r to  a n d  a f te r  m ass exchange m e n tio n e d  
in  c o n n e c tio n  w ith  E q s  (16) an d  (17) p ro b a b ly  do n o t ex is t for th e  su rface  
fo rc e s . A s fa r  as th ese  fo rces a re  concerned , th e r e  ex ists only  a p o st-ex ch an g e  
s ta te  b e c a u se  i t  is th e  v e ry  ex is ten ce  and  e ffec t o f  su rface forces cau sin g  m u lti
la y e r  a d so rp tio n  th a t  p re v e n t  th e  p re -ex ch an g e  s ta te  (m onolayer ad so rp tio n ) 
fro m  b e in g  a re a lity . T h u s  th e  k inetics o f  e .m .  ad so rp tio n  can be  assum ed  
as t h e  tra n s fe r  of a m o u n ts  Г 1 and  Г 2 fro m  t h e  b u lk  to  th e  su rface  phase 
w h e re  th e y  becom e m ix ed  b e tw een  n layers p r io r  to  adso rp tio n  on th e  su rface 
as a  r e s u l t  of th e  v a r ia tio n  o f  у  w ith  “ d e p th ” . A fte r  th e  exchange o f  m ass  has 
t a k e n  p la c e , th e  su rface  p h a se  is set up a c c o rd in g  to  co n cen tra tio n s x{ . . . x'n 
c h a ra c te r is t ic  for m u lti la y e r  adso rp tio n  w i th o u t  th e  prev ious ex is te n c e  of 
m o n o la y e r  adso rp tio n . H o w ev e r, i t  is possib le , to o , th a t  a lay e r of com p o sitio n  
X co m es in to  ex istence  h u t  is in s ta n ta n e o u s ly  m ixed  w ith  th e  b u lk  phase . 
W h ic h e v e r  o f th e  a s su m p tio n s  is va lid , th e  f a c t  rem ain s th a t  th e  m ech an ism  
o f m a ss  exchange has n o t b een  used to  desc rib e  th e  tim e  course o f e.m.  a d so rp 
tio n  b u t  o n ly  to  illu s tra te  th e  n a tu re  of su rface  fo rces  causing m u ltila y e r  a d so rp 
t io n , i.e. t h a t  in  th e  case o f  o p en  layers th e se  sh o rt-ra n g e  forces (w ith  a range  
o f  o n e  o r  perh ap s a few  m o lecu la r d iam ete rs) e x e r t  th e ir  in fluence  v ia  mass  
exchange.

3. Mass balance eq u a tio n s for m u lti la y e r  liquid adsorption

T h e  assum ed m ech an ism  of m ass e x c h a n g e  lead ing  to  e.m. a d so rp tio n  
can  b e  re g a rd e d  as c o m p le te  only  if  its  co n s is te n c e  w ith  th e  g en era l m ass 
b a la n c e  eq u a tio n s  for a n y  m u ltila y e r  liq u id  a d so rp tio n  is d e m o n s tra te d . The 
s t a r t in g  p o in t o f th e  p ro c e d u re  is again  th e  O s t w a l d  —  d e  I z a g u i r r e  e q u a 
tio n  (24) b u t  now  i t  is n o t  n ecessa ry  to  a ssu m e  t h a t  Г ц  and  r 2i h a v e  been 
re a c h e d  b y  “ m ix ing” .

I f  th e  tre a tm e n t is te m p o ra r ily  r e s tr ic te d  to  doub le-layer a d so rp tio n , 
one  m a y  w rite

Г  =  ( ^ l , i  +  -^1,2) ( 1  x )  ~ ~  ( Д д  +  ^ 2 ,2 ) *  ( 3 0 )

A d a  Chirn. Acad. Sei. Hung. 63, 1970
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w here

and

Г l,( — ^ 1,1 +  ^1,2

Д,( =  Д,1 +  Ц,2 •

E q . (30) can be re -w ritte n  as

Г  =  Г 12( 1 — х) — Г2Х X +  Г ]2 (1 — х)  — Г22х  (31)

E q . (31) in d ica te s  th a t  th e  excess m ass Г  is a sum  o f th e  co rrespond ing  excesses
in la y e rs  1 an d  2, i.e.

Г  =  Г 1 +  Г 2 (32)

w here
Г1 =  Г1Л( 1 - х ) - Г 2Лх  (33)

an d
Г 2 =  Г12 (1 — x) — Г 2 2 X . (34)

As a re su lt o f  fu ll coverage an d  th e  v a l id i ty  o f th e  d isp lacem en t p r in 
c ip le , one can w rite  fo r th e  in d iv id u a l a d so rb e d  am o u n ts  th a t

^1,1 +  Ц.1 — 1 (35)

Г1 2 ФХ -f- Г22Ф2 =  1 . (36)

T h e  c o n c e n tra tio n s  in th e  tw o layers a re  g iven  b y

Г  Г
x[ =  ------ =  -------------------------------- ÍAA-----  . (37)

Ц л  +  П л  ‘ r U2 +  r 2,2

T h e  in d iv id u a l a d so rb ed  am o u n ts  in  th e  tw o  lay e rs  are o b ta in e d  fro m  E qs
(35) — (37)

Г. . =  ------------ ^ --------- —  (38)
’ { Ф , - Ф 2) х [ + Ф 2

Г2 . =  --------- 1 ~ X'X- (39)
’ (Ф1- Ф 2)х'1^ Ф 2

an d

Г. 2 = -------------- ^ ------------ (40)
' (Ф1 - Ф 2) ^  +  Ф2

Г22 = ----------— ^ ----------. (41)
(Фх -  Ф2) *2 +  Ф2

A cta  Chim . Acad. S d .  H u n g . 63 , 1970
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F ro m  E q s  (38) (41) an d  (3 3 )—(34) one o b ta in s

П  = -----------< - x _ -----------  (4 2 )
(Ф, <zg x ' +  ф 2

a n d

Г 2 = --------- ------------------- . (43)
(Ф, - -  Ф2)х'2 +  Ф,

O n th e  b as is  o f E qs (42) a n d  (43), E q . (32) can  be re -w ritten  as

Г ------------X Í ~ * _______  =  ____  ^  -* ______ . (44)
(Ф, -  Ф 2) x[  +  Ф, (Ф, Ф 2) x 2 +  Ф2

I f  a t  a g iv en  x, th e  le f t-h a n d  an d  r ig h t-h a n d  sides of E q . (44) a re  p lo tte d  
a g a in s t  x[  an d  x'2, re sp ec tiv e ly , one o b ta in s  th e  g rap h s show n in  F ig . 5. T he 
u p p e r  g ra p h  refers to  p o s itiv e  and  th e  low er one  to  n egative  Г.

T h e  n a tu re  of th e  p lo t in v o lv es  th a t  E q . (44) is sa tisfied  b y  ev e ry  x{, x 2 p a ir  
c o rre sp o n d in g  to  po in ts  w here  th e  solid cu rv es  in  F ig . 5 in te rse c t w ith  h o r i
z o n ta l  s t r a ig h t  lines. (C /., fo r  exam ple  x{ =  0.600 and  x2 =  0 .126 , e tc ., 
in F ig . 5.)

C o n seq u en tly , only  one x 2 m ay  belong  to  a g iven x\.  In  sp ite  o f  th is , 
an  in f in i te  n u m b er of x[, x'> c o n c e n tra tio n  p a irs  can  be selected  m a th e m a t i 
ca lly  w h ic h  y ie ld  id en tica l Г -s a t  a g iven x .  F o r th e  overall c o n c e n tra tio n  of 
th e  tw o  la y e rs  one m ay  w rite

V, = ------ / bí------ . (45)
r u  +  r . , t

from  w h ic h , ta k in g  E q . (24) in to  acco u n t, one  o b ta in s

r u  =  -  Xj Г  (46)
X( — X

an d

r.,,t =  1  ~  г  . (47)
x t - - X

A t g iv en  x  and  Г ,  Xt m u s t be in d e p e n d e n t o f  all th e  possible c o n c e n tra 
tio n  p a ir s  x{, x2 for th e  tw o la y e rs  because in  th e  opposite  case, a cco rd in g  to  
E q s (46) — (47), Гх t an d  Г 2 t w o u ld  n o t be c o n s ta n t  w hich is im po ssib le . T h is 
c o n s ta n c y  o f  xt is tru e  fo r a ll x \ ,  x'„ p a irs  in c lu d in g  x\  =  x2 =  X/. F o r  th is  
case, E q . (44) can be w ritte n  as

r =  v)
(ф 1 - -  Ф,) X t +  Ф2

(48)

A c ta  C h im . A c a d . S e i. H ung . 63, 1970
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Fig. 5. Graphical determ ination o f the concentration d istribution  in the adsorbed phase
for double-layer adsorption

6 Acta Chim. Acad. Sei. Hung. 63, 1970
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Fig. 6. Ind ividual isotherm s x'  —  x  and Xf —  x relationsh ips for the benzene—ethanol—charcoal 
sy stem  (720 m 2/g) at 25°C calculated for m onolayer and double-layer adsorptions

A d a  Chim. Acad. Sei. Hung. 63, 1970
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ig. 7. E thanol—water free-surface at 25°C. Individual isotherm s, x'  — x  and X[ —  x relation  
ships calculated for m onolayer and double-layer adsorptions

6 * Acta Chim. Acad. Sei. H ung. 63, 1970
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T h e  v a lu e  o f th e  xt co o rd in a te  o f  th e  in te rse c tio n  p o in t P  show n in  
F ig . 5 c a n  he ca lcu la ted  from  E q . (48):

2* +  Г Ф 2
X‘ 2 + Г ( Ф 2 - Ф 1) '

T h is  expression  is id e n tic a l w ith  E q . (29) fo r  th e  special case w h en  n — 2 
th u s  w e h a v e  p ro v ed  th e  fu ll consistency  b e tw e e n  th e  m echan ism  o f m ass 
t r a n s p o r t  an d  th e  m ass b a lan ce  eq u a tio n s.

I t  follow s from  th e  d e te rm in a tio n  o f th e  x{, x!A p a irs  illu s tra te d  in  F ig . 5 
t h a t  th e  c o n c e n tra tio n  p a irs  can  be su b d iv id e d  in to  tw o groups. T h e  f i r s t  
g ro u p  co n sis ts  o f th o se  p a irs  in d ica tin g  a d so rp tio n  o f  th e  sam e sign  fo r b o th  
la y e rs  (p o sitiv e -p o sitiv e  o r n eg a tiv e -n eg a tiv e ), i.e. x{ >  %  )> x  o r x[ <7 x'% <7 x.  
T h e  v a lu e s  for th e  co rresp o n d in g  pairs a re  o b ta in e d  betw een  p o in t P  a n d  th e  
a b sc issa . T h e  tw o fu n c tio n s  in  E q . (44) re a c h  th e  h o rizo n ta l (co n cen tra tio n ) 
ax is  a t  p o in ts  x  an d  x , i.e. th is  co rresponds to  th e  co n cen tra tio n  d is tr ib u tio n  
fo r m o n o la y e r  a d so rp tio n . F o r  th e  x'±, x'% p a irs  o b ta in e d  a t  th e  o p p o site  side 
o f  in te rs e c tio n  p o in t P  we h a v e  x[ 7> x  x'% o r x'x <7 x  <7 x'%, in d ic a tin g  a d so rp 
tio n  w ith  opposite  signs in  th e  tw o layers. T h e  c o n c e n tra tio n  va lu es  asso c ia ted  
w ith  th e  f i r s t  group can  be in te rp re te d  b y  a ssu m in g  th a t  th e  p h y sica l n a tu re  
o f th e  su rface  forces is th e  sam e in  b o th  th e  f i r s t  an d  second la y e rs , b e ing  
h u t  s l ig h tly  w eaker in  th e  second. C on seq u en tly , a cap illa ry -ac tiv e  (or in a c tiv e )  
s u b s ta n c e  w ith  re sp ec t to  th e  f irs t  lay er show s th e  sam e b eh av io u r in  th e  second 
la y e r  a n d  th u s  th e re  is a g ra d u a l tra n s it io n  b e tw e e n  th e  co n cen tra tio n s  in  th e  
su rfa c e  a n d  in  th e  b u lk  p h ase . (F o r exam ple , in  F ig . 5, x'x =  0.600, x% =  0.126, 
x 3 =  x  =  0.100, or fo r n e g a tiv e  ad so rp tio n  x{ =  0 .425, x2 =  0.600, x'3 =  x  =  
=  0 .700 .) T he c o n c e n tra tio n  p a irs  c h a ra c te r is tic  fo r th e  second g roup  in v o lv e  
t h a t  th e  effects of su rface  forces are e s se n tia lly  opposite  in  th e  f i r s t  an d  in  
th e  seco n d  layers.

T h e  above c o n c e n tra tio n  d is tr ib u tio n  fo r co n cre te  system s as well as 
th e ir  in te rp re ta t io n  w ill be t re a te d  in  d e ta il in  P a r t  I I  of th is  series.

I t  sh o u ld  be m e n tio n e d  b rie fly  th a t  th e  a ssu m p tio n  of th e  e.m. a d so rp 
tio n  re so lv e s  th e  p h y sica l a n d  th e rm o d y n am ic  co n tra d ic tio n s  a sso c ia ted  w ith  
th e  E - l in e a r i ty  o f th e  Г  — x  iso therm s since th e  com position  of th e  su rface  
p h a se  is  n o t  c o n s ta n t in  th e se  regions. T h is is p ro v e d  b y  Figs 6 a n d  7 show ing  
th e  v a lu e s  fo r I \  t, Г 21 a n d  xt ca lcu la ted  from  th e  above  m en tio n ed  iso th e rm s 
fo r n =  2 using  E q s (46), (47), an d  (49), as co m p ared  to  th e  Г х, Г 2 an d  x '  
fu n c tio n s  ca lcu la ted  on th e  basis  o f m o n o lay er ad so rp tio n .

T h e  ca lcu la tio n  o f  free-en erg y  fu n c tio n s  a llow ed  b y  e.m. a d so rp tio n  w ill 
be sh o w n  in  P a r t  I I ,  to g e th e r  w ith  th e  m o st im p o r ta n t  concept o f th e  ph y sica l 
ju s t i f ic a t io n  o f e.m. a d so rp tio n , viz. w hy  is m u lti la y e r  ad so rp tio n  p rec ise ly  
e q u iv a le n t  to  m o n o m o lecu la r adso rp tio n .

Acta C him . Acad. Sei. Hung. 63, 1970
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REACTIO N OF T H E  3-M E T H Y L -2,5-R IS(M E T IIY L T H lO )-4 ,4-D IP IIE N Y L -4H - 
-IM ID AZO L-3-IUM  CATION W IT H  RENZYLAM INE
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3-M ethyl-2,5-bis(m ethylthio)-4,4-diphenyl-4/7-im idazol-3-ium  (1) m eth osu lfate , 
when treated w ith  pyridine and benzylam m onium  chloride, furnishes 2 -b en zy lim in o -l-  
-m ethyl-5,5-diphenyl-4-im idazolid inethione (5) as th e  main product, form ed through  
3 by successive benzylam inolysis and S -d em eth y la tio n , and, as a b y-p rod uct, the  
hydrochloride o f 2 ,4-d i(benzylim ino)-l-m ethyl-5,5-d iphenylim idazolid ine (8). S-D em e- 
thylation  during the form ation of 5 is effected  b y  pyridine. The IR and NMR spectra  
of som e of the com pounds (2 —5) revealed finer structural details, such as the electronic  
distribution and, in the case of potentia lly  tau tom eric  compounds, the tau tom eric  
structures.

In  P a r t  X X I I I  [1] o f th e  p resen t se ries , th e  reaction  of 3 -m e th y l-2 ,5 - 
-b is (m e th y lth io )-4 ,4 -d ip h en y l-4 if-im id azo l-3 -iu m  ca tio n  (1; in th e  p a p e r  c ite d : 
II) w ith  b ezy lam m o n iu m  chloride in  p y r id in e  w as described. To th e  m ain  
p ro d u c t (m .p . 313 — 4°C) o f  th e  reac tio n  th e  s t r u c tu r e  o f 2 -b en z y lim in o -l-m e th y l-  
•4 -m ethy lth io -5 ,5 -d ipheny l-3 -im idazo line  (3; in  th e  p ap e r c ited : V) w as a ss ig n 
ed, m a in ly  on th e  basis  o f  an a ly tica l re su lts  a n d  on th e  fac t th a t  th e  c o m p o u n d  
w as found  d iffe ren t from  4 -b en zy lim in o -l-m e th y l* 2 -m eth y lth io -5 ,5 -d ip h en y l- 
-2-im idazoline (2; in  th e  p ap er c ited : XII) (m .p . I l l  —2°C) w h ich  h a s  been  
p rep a red  b y  s tru c tu re  p ro v in g  syn thesis .

1 2 3

R e c e n tly  N M R  sp e c tra  of th e  c o m p o u n d  m eltin g  a t  313 4°C a n d  of
2 h av e  been  o b ta in e d . W hile  in  th e  la t te r  ca se  th e  spectrum  w as c o n s is te n t 
w ith  th e  s tru c tu re  d e riv ed  b y  chem ical m e a n s , s tru c tu re  3 w as d e f in ite ly  
excluded  for th e  co m p o u n d  m elting  a t  3 1 3 —4°C b y  its  NM R s p e c tru m . In

*Part X X V II: J. N y it r a i, R. Ma r k o v its- K o r n is , K. L e m p e r t : Acta Chim . Acad.
Sei. H ung. 60, 141 (1969).
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th e  s p e c tru m  (in CDC13) o f  com pound  2 tw o  sing le ts  a t Ő =  2.65 a n d  2.80 
p p m , co rresp o n d in g  to  th e  N -  an d  S -m e th y l g ro u p s , respective ly , w ere  fo u n d , 
w h ile  th e  sp ec tru m  (in  D M SO -d6) of th e  c o m p o u n d  m elting  a t 3 1 3 —4°C had  
o n ly  o n e  m e th y l signal (a t  2.75 ppm ). T h is o b v io u s ly  m eans th a t ,  in  th e  course 
o f  t h e  re a c tio n  of 1 w ith b e n z y la m m o n iu m  c h lo r id e in  pyrid ine, besides benzy l- 
a m in o ly s is  p a r tia l d é m é th y la tio n  (a t th e  n itro g e n  or sulfur) h a d  o cc u rre d ; 
th is  w a s  orig inally  o v erlo o k ed , since it does n o t  affect s ig n ifican tly  th e  p e r
c e n ta g e  e lem en ta l co m p o sitio n  of th e  p ro d u c t.*

C o n seq u en tly , th e  co m p o u n d  m e ltin g  a t  313 —4°C should be id e n tic a l 
w ith  a n  isom er of th e  k n o w n  [1] 4 -b en zy lam in o -l-m e th y l-5 ,5 -d ip h en y l-3 - 
-im id azo lin e -2 -th io n e  (4; in  th e  p a p e r c ite d : IX ; m .p . 258 9°C).

Ph..,

Me N

NH CH JPh

S
4**

P h ,f-------------- S

Me N M i

C H J 'h
5**

Ph,j 

Me - N

S in ce  S -d em e th y la tio n s  of co m p o u n d s s im ila r to  1 by  a m in es  have  
b een  re p e a te d ly  observed  b y  us (c/., e.g. [2 ]), s tru c tu re  5 (i.e. 2 -b en zy lim in o - 
-l-m e th y l-5 ,5 -d ip h e n y l-4 -im id az o lid e n e th io n e ) w as n e x t tak en  in to  c o n s id e ra 
tio n , th is  s tru c tu re  b e ing  in  good a g reem en t w ith  th e  IR  sp e c tru m  w hich  
c le a r ly  c o n ta in e d  a rN H  b a n d , an d  w ith  th e  re s is tan ce  of th e  c o m p o u n d  to 
w a rd s  a c id  hydro lysis [1]. E a rlie r , w hen s t r u c tu r e  3 was still a c c e p te d , th is  
re s is ta n c e  was ex p la in ed  on  th e  basis o f  th e  o b se rv a tio n  th a t  m e th y lth io  
g ro u p s  a t  position  4 are  g en e ra lly  m uch  m ore  r e s is ta n t  tow ards acid h y d ro ly s is  
th a n  th o s e  a t  position  2 (e.g. t h a t  in  c o m p o u n d  2 ) [1].

S tru c tu re  5 could  f in a lly  be p roved  u n e q u iv o c a lly  by  sy n th es is  o f  th e  
c o m p o u n d  m elting  a t  313 — 4°C, s ta r tin g  w ith  l-m e th y l-2 -m e th y lth io -5 ,5 -  
-d ip h en y l-2 -im id azo lin e -4 -th io n e  (6).

T h e  questio n  n e x t a rises  as to  e x a c tly  how  5 is form ed in  th e  re a c tio n  
o f 1 a n d  b en zy lam m o n iu m  ch lo ride  in  th e  p re sen ce  of pyrid ine , a n d  w hich  
o f th e  tw o  am ines p re sen t in  th e  reac tio n  m ix tu re  is th e  ac tual d e m e th y la tin g  
a g e n t. T w o rou tes, d iffe rin g  on ly  in th e  se q u e n c  of b enzy lam ino lysis  an d  
S -d e m e th y la tio n , could n a m e ly  lead  from  I  to  5 , as shown in S ch em e 1.

* F ound : C 74.63, 74.60; H  5.97, 6.06; N  11.39, 11.23: S 8.06, 8.59 [1]. Calcd. for 3, 
C24H 23N 3S (385.5): C 74.78; H 6.01; N  10.90; S 8.30; for C.,3H ,,N 3S (371.4): C 74.37; H 5.70; 
N  11.31; S 8.62% .

* * P o ten tia lly  tautom eric com pound. The tau tom eric  structure was e lu cidated  by 
sp ectroscop ic  studies which will be described below.
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Scheme 1 

B enzy lam ino lysis
3

S -D em eth -
y la tio n

S -D em eth -
v la tio n

y B enzy lam ino lysis 
6 —  - 5

I t  w ill be show n below  th a t  3 m ay  in d eed  be p re p a re d  by  b e n z y la m in o ly 
sis o f 1 u n d e r p ro p e r  co n d itio n s, and  S -d e m e th y la tio n  o f 3 m ay  be effected  
as well. O n th e  o th e r  h a n d , in  connection  w ith  th e  s tru c tu re  p ro v in g  syn th esis  
o f  5 i t  w as seen t h a t  b enzy lam ino lysis  o f 6 m ay  also be ach ieved . In  sp ite  of 
o u r p rev ious f in d in g  [2 ] th a t  1, too , m ay  he S -d e m e th y la te d  b y  p y rid in e , 
reac tio n  sequence 1 —*■ 6 —>- 5 m ay  nev erth e less  be considered  as to  be  o u t of 
q u es tio n , since S -d e m e th y la tio n  o f 1 y ields th e  isom eric  7 in s te a d  o f  6 [2].

Ph2 J

Me— N  N

SMe C H .Ph

s
7

N - C H 2Ph
8 *

U---
1

j= N —CH .Ph ph. íj"

N N  —Me Me N N

T he question  o f th e  ac tu a l d é m é th y la tio n  a g en t in  th e  re a c tio n  3 —*- 5 
shall be ta k e n  u p  ag a in  below , a fte r  h av in g  d iscussed  reac tio n  1 3.

B y reac tin g  1 a n d  b enzy lam ine  in ch lo ro fo rm  in th e  p resen ce  o f  the 
h y d ro ch lo rid e  o f  th e  la t te r ,  a com pound (m .p . 135 — 6°C) d iffe re n t from  5 
w as o b ta in ed  w hich , on th e  basis o f a n a ly tic a l re su lts  an d  its N M R  sp ec tru m , 
w as a c tu a lly  id e n tic a l w ith  th e  desired  co m p o u n d , 3. F o r th e  p u rp o se  o f id e n ti
f ic a tio n  th e  tw o  sin g le ts  (ô =  2.50 an d  2.65 ppm ) in th e  N M R  sp ec tru m  
(CDC13), co rresp o n d in g  to  th e  S- and  iV -m ethyl g roups of th e  p ro d u c t were

‘ Potentially tautom eric com pound, its tautom eric structure being an open question  
since the spectroscopic properties o f its hydrochloride have only been studied.
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e sp e c ia lly  of im p o rtan ce . F in a l  p ro o f for th is  s tru c tu re  a ss ig n m en t w as o b ta in 
ed  b y  syn thesis . M é th y la tio n  o f 5 b y  m e th y l io d id e  fu rn ish ed  th e  com pound  
o f  m .p . 135—6°C as w ell, a n d  th e  tw o p ro d u c ts  o b ta in e d  b y  d iffe ren t ro u tes  
w e re  fo u n d  to  be id e n tic a l a lso  b y  com paring  th e ir  IR  sp ec tra .

A n  au th en tic  sam p le  o f  3 being  a t o u r d isp o sa l, we could  p ro ceed  to  th e  
so lu tio n  o f th e  p ro b lem  as to  w hich  of th e  tw o  am ines p re se n t is  th e  ac tu a l 
d e m e th y la tin g  agen t in  th e  cou rse  of th e  sy n th es is  o f  5 ach ieved  b y  re a c tin g
1 w i th  b enzy lam m onium  c h lo rid e  in  p y rid in e , th e  in te rm e d ia te  o f th is  reac tio n  
b e in g  3 , as d e m o n s tra te d  a b o v e . Since, w hen  h e a te d  w ith  p y rid in e  in  th e  p re 
se n c e  o f  py rid in iu m  ch lo rid e , 3 becom es d e m e th y la te d  to  5 w hile, w hen  h e a te d  
w i th  ben zy lam in e  in  th e  p re se n c e  o f b en zy lam m o n iu m  chlo ride , i t  y ie ld s a n o th e r 
p r o d u c t ,  i t  follows th a t  in  th e  second step  o f  conversion  1 — 5 p y rid in e  m u st 
b e  th e  a c tu a l d e m e th y la tin g  agen t.

F o r  th e  p ro d u c t o b ta in e d  from  3 w ith  b en zy lam in e , s tru c tu re  8 could 
b e  d e d u c e d  from  its  a n a ly tic a l  d a ta , a lth o u g h  o n ly  th e  h y d ro ch lo rid e  b u t  n o t 
th e  fre e  base  could be  o b ta in e d  in  c ry s ta llin e  fo rm . T he sam e com p o u n d  
re s u l ts  as a b y -p ro d u c t w h e n  1 is reac ted  w ith  b en zy lam m o n iu m  ch lo ride  in  
p y r id in e .  This m ay  be  co n s id e re d  as fu r th e r  ev id en ce  fo r th e  ro le o f 3 as an  
in te rm e d ia te  in  th e  re a c tio n  1 — 5.

Spectroscopic stud ies

I R  an d  N M R s p e c tra  o f  com pounds 6 a n d  7 w ere d iscu ssed  elsew here 
[3, 4 ] . N ow  th e  resu lts  o f  a s tu d y  o f th e  IR  a n d  N M R  sp ec tra  o f th e  isom eric  
p a ir s  2 a n d  3, and  4 a n d  5 , re sp ec tiv e ly , allow ed n o t  on ly  to  co rro b o ra te  th e  
g ross s tru c tu re s  of th e se  c o m p o u n d s  as ded u ced  fro m  p re p a ra tiv e  w ork  (see 
a b o v e ) , b u t  also to  gain som e in fo rm a tio n  re g a rd in g  th e  fine  s tru c tu re s  ( ta u to 
m e ric  s ta te ,  electron d is tr ib u tio n ) .

C om paring  th e  IR  a n d  N M R  spectra  o f  co m p o u n d s 2 an d  3, th e  fo llow 
in g  conclusions could be  d ra w n  (c f Tables 1 a n d  2):

(1) T he rC =  N  b a n d  a p p e a rin g  a t h ig h e r w ave n u m b ers  (1675 cm  _1) 
a n d  b e in g  m ore in ten se  in  th e  case of 3, m a y  be assigned  in  th e  I R  sp ec tra  
o f  b o th  com pounds to  th e  exocyclic  C = N  b o n d . T h e  second rC =  N  b a n d , 
b e lo n g in g  to  th e  endo cy c lic  C =  N bond  is fo u n d  a t  h ig h er w ave n u m b ers  
in  th e  sp ec tru m  of 3, a n d  i t  h a s  low er in te n s ity . C on seq u en tly , th e  exocyclic 
C =  N  b o n d  m ust p a r t ic ip a te  in  th e  co n ju g a tio n  to  th e  sam e degree in  b o th  
iso m e rs  a n d , fu rth e rm o re , th e  bo n d  o rder o f  th e  endocyclic  C =  N  b o n d  in
2 m u s t  b e  less th a n  in  3. T h u s  th e  e lectron ic  d isp lacem en t in  th e  c o n ju g a te d  
s y s te m  to w ard s th e  n itro g e n  a to m  bearing  th e  b en zy l g roup  causes g re a te r  
d is to r t io n  o f th e  e lec tron  c lo u d  in  2 th a n  in  3, b ecau se  th e  -f- M effec ts o f  th e  
n i t ro g e n  a n d  sulfur a to m s in  2 m u tu a lly  en h an ce  each  o th e r, w hereas in  3 
th e y  c o u n te r -a c t each o th e r .
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Table 1
N M R  S p ec tr a

C om pound s o lv e n t
6 (ppm )* , T M S = 0

NHИCJ1cö N—CH3 N—CH2—P h Aril

2

CDC13

2.80 2.65 4.9 7.1 (PhCHj); 

7.3 (Ph)
—

3 2.50 2.65 5.0 7.3 (PhCH 2 +  

+  Ph)

—

4

D M S O -d „

— 2.85 4.5 (d),

J 8 Hz

405— 450 Hz 

(m )

8.85 (tr), 

J =  8 Hz

5 — 2.75 4.7 (s) 7.25 (s) 8.7

8-HC1

DMSO—d„

2.70 4.60 and 

4.70

7.20 (4-PhCH,); 

7.40 (2-PhCHj +  

+  Ph)

3.45**

9 CDC1, 2.95 and 

3.50

4.25 (s) 7.30 and 

400— 430 Hz (m); —

* d doublet, m =  m ultip let, s =  singlet, tr triplet 
** Merged w ith the H 20  signal due to the water content o f the solvent

Table II
I R  S p e c t r a  ( K R r  p e l l e t s ) *

C om pound
v C = N  [ c m - 1]

v N H  [c m -1 ] i»C =S [cm -1 ]
E xo Endo

2 1675 s 1490 vs _ _
3 1675 v v s 1530 vs —

4 1610 3350 3150 1290
5 1640 — 3350 - 2600 1330

8-H Cl 1680** 1620 3 3 0 0 -2 6 0 0 * * * —

9 1690 1320

* s =  strong, vs =  very strong, vvs =  very-very strong
©** This band is, perhaps, a vC =  N band

® ©
*** V (>NH„) or V (> M I) band

(2a) T he signal o f th e  a ro m a tic  p ro to n s  in  th e  N M R  sp ec tru m  o f  3 
ap p ea rs  as a s in g le t a t  ö —  7.3 ppm  w hile, in  th e  sp e c tru m  of 2, th e  sam e 
signal is sp lit. In  th e  la t te r  case, nam ely , th e  a ro m a tic  ring  of th e  b en zy l 
g roup  falls in to  th e  sh ie ld in g  zone of th e  tw o  p h e n y l g roups; th e re fo re , its  
signal undergoes an  u p fie ld  sh if t. In  com pound  3, th e se  g roups are s itu a te d  
to o  fa r from  each o th e r , th e re fo re , th e  above e ffec t does n o t o p era te .
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(2b) In  co n tra s t, it  is co m p o u n d  3 in  w hose N M R sp e c tru m  th e  signal 
o f  th e  S -m e th y l group is fo u n d  sh ifted  u p fie ld  (a t 2.5 ppm  as co m p ared  w ith  
2 .8  p p m  in  th e  case o f 2 ), th e  reaso n  b e in g  th e  sam e as above .

(2c) F in a lly , th e  signal o f  th e  m e th y le n e  p ro to n s is found  in  th e  sp ec tru m  
o f 3 to  b e  som ew hat sh if te d  u p fie ld  as com pared  w ith  th e  sp e c tru m  of 2. 
T h is  seem s to  be a consequence  o f  th e  fa c t t h a t  th e  exocyclic n itro g e n  a tom  is 
m o re  n e g a tiv e ly  po larized  in  th e  fo rm er co m pound ; th is  is also in d ic a te d  b y  th e  
h ig h e r  in te n s ity  of th e  rC  - -  N b a n d  co rrespond ing  to  th e  exocyclic  C =  N 
b o n d  in  th e  IR  sp ec tru m  o f 3 as co m p ared  w ith  2 (cf. (1)).

A  s tu d y  of th e  IR  a n d  N M R  sp e c tra  of 4 and 5 has led  to  th e  follow ing 
co n c lu s io n s :

( l a )  D uring  a s tu d y  o f  th e  IR  sp e c tra  o f 5 ,5 -d ip h en y l-h y d an to in s  and  
- th io h y d a n to in s  [5] i t  has p re v io u s ly  b een  found th a t  th e  p resen ce  of an 
N H  g ro u p  a t  position  3 le ad s , u n d e r  p a r tic ip a tio n  of th e  e le c tro n e g a tiv e  atom  
a t t a c h e d  to  th e  ring  a t  p o s itio n  2 , to  th e  fo rm a tio n  of cyclic d im eric  associates 
w h ic h  a re  ch arac terized  in  th e  I R  sp e c tra  b y  b ro ad  diffuse vN H  b a n d s  consi
d e ra b ly  e x ten d in g  to w ard s lo w er w ave n u m b e rs  [6 ]. T he rN H  b a n d  ex ten d in g  
fro m  3350 to  as low as 2600 cm  in  th e  I R  sp ec tru m  of 5 h a s  e x a c tly  these  
p ro p e r t ie s ,  while th e  sp e c tru m  o f 4 has a less diffuse rN H  b a n d  a t  som ew hat 
h ig h e r  w av e  num bers, in  th e  reg io n  o f 3350 — 3150 cm 1, c h a ra c te r is tic  for 
s im p le  in te rm o lecu la r  a sso c ia tio n . T he N H  g ro u p , th re re fo re , m a y  be p resu m ed  to  
o c c u p y  a n  exocyclic p o s itio n  in  co m p o u n d  4 and  an  endocyclic  p o s itio n  in  
c o m p o u n d  5. T hus, 4 an d  5 sh o u ld  ex is t, in  c ry sta llin e  s ta te , in  fo rm  of th e  
3 -im id azo lin e -2 -th io n e  and  im id azo lid in e -4 -th io n e  ta u to m e r , re sp ec tiv e ly .

( lb )  T he rC = N  an d  rC  =  S b a n d s  in  th e  sp ec tru m  of 4 a re  fo u n d  a t  lower 
w a v e  n u m b e rs  th a n  in  t h a t  o f  5 (a t  1610 an d  1290 cm 1 as co m p ared  w ith  
1640 a n d  1330 c m '1, re sp e c tiv e ly ) ; th is  fa c t well c o rro b o ra te s  th e  above 
co n c lu s io n .

( lc )  T he suggested  ta u to m e r ic  s tru c tu re  of com pound 4 is fu r th e r  corro
b o r a te d  b y  th e  IR  sp ec tru m  o f  th e  kn o w n  [1] com pound  9 (in  th e  c ite d  paper: 
XI), w h o se  im idazo lid in e-2 -th io n e  s tru c tu re  is ce rta in ; in  th e  I R  sp ec tru m  
o f th e  l a t t e r  com pound th e  rC  =  N  an d  rC  =  S bands are fo u n d  a t  1680 and 
1320 c m 1.

(2a) A ccording to  th e  N M R  sp e c tra  o b ta in e d  in  D M SO -d6, th e  ta u to m e ric  
s t r u c tu r e s  do no t change ev en  on d isso lu tio n . This m ay  be c o n c lu d ed  from  
th e  f a c t  th a t ,  in  th e  sp e c tru m  o f 5 , b o th  th e  CH2 and  A rH  signals a p p e a r as 
s in g le ts  ( a t  Ö =  4.7 and  7.25 p p m , re sp ec tiv e ly ) w hile in  th e  sp e c tru m  of 
4 th e  m e th y le n e  peak  is sp lit  in to  a d o u b le t (Ô =  4.5 p p m ; J  =  8 H z); in  the  
l a t t e r  c ase  th e  A rH  signal a p p e a rs  as a m u ltip le t. The d o u b le t s p li t t in g  of th e  
C H 2 s ig n a l is caused b y  sp in -sp in  coup ling  w ith  th e  N H  p ro to n  a n d , as a conse
q u e n c e , th e  signal of th e  la t te r ,  to o , ap p e a rs  as a tr ip le t  (Ô =  8.7 p p m ; J  =  8 
H z). T h e  dow nfield  shift o f th e  C H 2 signal in  th e  case of c o m p o u n d  5 as com 
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p a re d  w ith  its position  in  th e  case o f  com pound  4 is, o f course, cau sed  by  th e  
n e ig h b o u rin g  C —N group . T h e  m u ltip le t s tru c tu re  of th e  A rH  sig n a l in th e  
sp e c tru m  of com pound 4 is caused  by  th e  sh ie ld ing  effect o f th e  p h en y l groups 
a t  p o s itio n  5 exerted  on th e  4 -benzy l group  (c f . th e  N M R sp e c tru m  o f co m 
p o u n d  2 , d iscussed above).

(2b) In  com pound 5 th e  d esh ie ld ing  effect o f th e  a ro m a tic  rin g  o f th e  
benzy l g roup  exerted  on th e  1-m eth y l g roup  m ay  be o b se rv ed , as a conse
q uence  o f  which th e  signal o f  th e  la t te r  is sh ifted  upfie ld  in co m p ariso n  w ith  
th e  s ig n a l o f th e  sam e g roup  in com pound  4 (Ö =  2.75 an d  2.85 p p m , respec
tiv e ly ) .

Experimental

T he IR  spectra were obtained  in K Br pellets with a Spectrom eter o f T ype UR-10  
(Carl Zeiss, Jena, GDR); the NM R spectra were recorded at 60 MHz w ith a JNM -C-60 Spectro
m eter (Japan  Electron O ptics L aboratories, Tokyo) using TMS as internal standard. All m .p .’s 
are uncorrected.

R eac tio n  o f 3 -m eth y l-2 ,5 -b is (m e th y lth io )-4 ,4 -d ip h e n y l-4 //- im id a z o l-3 -iu m (l)  n  e thosu lfae  
w ith  b cn zy lan im on ium  chloride  in pyridine

T h e  reac tio n  was p e rfo rm ed  as described  earlie r [1] h u t, in o rd e r to  fa c ili ta te  th e  isola 
tio n  of th e  b y -p ro d u cts  (w hich  p rev io u s ly  w ere d iscard ed ), sixfold q u a n tit ie s  o f th e  re ac ta n ts  
w ere u sed , i.e. th e  ex p erim en t w as m ad e  w ith  5.25 g (12 m m oles) o f 1 -m eth o su lfa te . T h e  crude 
5 o b ta in e d  (w hich p rev iously  had  been believed to  be 3, see page 87) w as. a cco rd in g  to its 
IR  sp e c tru m , c o n tam in a ted  w ith  10, th e  p a rtia l hyd ro ly sis  p ro d u c t [1 | o f 1. In  o rd e r to 
rem o v e  th is  co n ta m in a n t, th e  c ru d e  p ro d u c t was e x tra c te d  w ith  a sm all q u a n ti ty  o f ho t 
n -p ro p an o l in w hich 5 is m uch  less so luble  th a n  10. A ccord ing  to its  m .p . (313 -4°Г,, from  a 
m ix tu re  o f  py rid in e  and e th a n o l), m ix ed  m .p ., an d  IR  sp ec tru m , th e  pu rified  p ro d u c t  p roved  
to  be id en tica l w ith  a u th e n tic  5 (see below).

B y  d ilu tin g  the  aqu eo u s p y rid in e  m o th e r liq u o r o f 5 w ith  fu r th e r  100 m l o f w ater,
0.65 g o f  c ru d e  8 • HC1 was p re c ip ita te d . T his p ro d u c t was purified  by  re p re c ip i ta t in g  i t  from  
its  so lu tio n  in 10 ml n -p ro p an o l w ith  10 ml o f e th e r to  o b ta in  0.45 g (8 .4 % ) of p u re  8 • HC1, 
m .p . 301 C (dec.), w hich by m ixed  m .p . an d  IR  sp e c tru m  proved to be id en tica l w ith  an a u th 
en tic  sam p le  (see below). 1

1 - M ethyl-2 - m eth y  lih io -5 ,5 -d ipheny  1-2-iiiii< lazolinc-4-thione (6 )

6 m ay  be ob tained  as a m in o r b y -p ro d u c t in th e  m éth y la tio n  of 1 -m e th y l-5 ,5 -d ip h en y l- 
d ith io h y d a n tio n  [7] if th e  p re sc r ip tio n  g iven below is s tr ic tly  follow ed.

A so lu tion  of l -m e th y l-5 ,5 -d ip h e n y ld ith io h y d a n to in  (10 g; 35 m m oles) in  acetone 
(150 m l) is m ixed w ith  an aq u eo u s (10 m l) so lu tio n  of K 2C 0 3 (5.0 g; 36 m m oles). T o th e  h e te ro 
geneous m ix tu re  o b ta in ed , a so lu tio n  o f m ethy l iodide (2.3 m l: 37 m m oles) in a ce to n e  (3 ml) 
is ad d ed  in po rtio n s un d er co n tin u o u s  sh ak in g  w ith in  a b o u t 5 m in. A b r ig h t yellow  hom ogeneous 
so lu tion  is o b ta in ed , w hich soon beg ins to  deposit yellow  p lates. (The c ry s ta ls  p ro v e d  to  be 
id en tica l w ith  the  know n |7 |  7.) 15 m in . a f te r  th e  m é th y la tio n  has been s ta r te d ,  th e  m ix tu re  
is d ilu te d  w ith  w a ter (100 m l), sh ak en  for 2 m in. an d  su b seq u en tly  th e  c ry s ta ls  a re  filte red  
o ff a n d  w ashed  f irs t w ith a q u eo u s  ace to n e  (50 m l; 1 : 1 v /v) and th en  w ith  w a te r  (60 ml). 
T he w 'ashings should be th o ro u g h ly  rem oved  by p ressing  th e  c ry sta ls  on th e  B ü c h n e r  funnel. 
T he w et p ro d u c t is then  boiled  fo r a few  m in. w ith  m eth a n o l (50 ml) an d  th e  in so lu b le  m ate ria l 
im m e d ia te ly  filtered  off and  w ash ed  w ith  10 ml o f h o t m ethano l. T h is m a te ria l  p ro v ed  to be 
a m ix tu re  (9.0 g; 82 .4% ) of th e  isom ers 7 and l,3 -d im e th y l-5 ,5 -d ip h e n y ld ith io h y d an to in  
[7] o f  th e  desired  6.
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T h e  m ethanolic  f i l t r a te  is co m b in ed  w ith  th e  o rig in a l a q u eo u s  aceton ic  f i l t r a te  a n d  th e  
a q u e o u s  w ashings, d ilu ted  w ith  50 m l o f w ater, an d  e x tra c te d  w ith  th re e  10-ml an d  th re e  5-ml 
p o r t io n s  o f  chloroform . T h e  g u m m y  residue, o b ta in ed  o n  d ry in g  th e  chloroform  so lu tio n  an d  
e v a p o ra t in g  th e  so lven t, is d isso lv e d  in  w arm  ethano l (10 m l). A fte r  som e stan d in g  b r ig h t  yellow  
c ry s ta ls  w ill s ta r t  to  p re c ip ita te ;  th e  m o th e r liquor is su ck ed  o ff w hile  still w arm  (50°C), and  
th e  c ry s ta ls  are w ashed w ith  4 m l o f  w arm  ethanol. T he c ru d e  p ro d u c t  (0.40 g) is f in a lly  rec ry s
ta l l iz e d  from  ethanol (18 m l) to  y ie ld  0.29 g (2 .7% ) o f 6, m .p , 204°C.

C17H ,6N,S2 (312.40). C alcd . C 65.37; H  5.16; N  8 .97 ; S 20.49. F o u n d  C 65.20; H  5.17; 
N  8 .8 1 ; S 20.21% .

T h e  s tru c tu re  o f th e  p r o d u c t  follows, besides its  a n a ly s is , fro m  its  IR  sp e c tru m  and  
i ts  n o n - id e n ti ty  w ith  th e  tw o  o th e r  isom ers (see above) also fo rm ed  on m é th y la tio n  of 1 -m ethy l- 
-5 ,5 -d ip h e n y ld ith io h y d a n to in .

2 -B en zy lim in o -l-ine thy l-5 ,5 -(lij)heny l-4 -iin idazo li(line th ione  (5 )

(a ) Authentic sample: A  m ix tu re  o f 6 (44.2 m g; 0 .142 m m oles), benzylarn ine  (0.03 m l; 
0 .275  m m oles), b en zy lam m o n iu m  ch lo rid e  (1 m g; 7 g n io les) a n d  d ry  e th an o l (5 m l) w as re flu x ed  
fo r  5 h rs . T he p ro d u c t w as p r e c ip i ta te d  in c ry sta lline  fo rm  b y  th e  a d d itio n  of 2 m l o f w a ter, 
f i l te r e d  off, and w ashed w ith  w a te r  a n d  th en  w ith  m e th a n o l to  y ield  40 m g (76% ) of a  p ro d u c t, 
m .p .  314°C, w hich b y  m ix ed  m .p . a n d  IR  sp ec tru m  p ro v e d  to  be  id en tica l w ith  a  p ro d u c t 
p re v io u s ly  p repared  [1] fro m  1 w i th  b en zy lam m onium  ch lo rid e  a n d  p y rid in e  an d  erroneously  
b e lie v e d  to  possess s tru c tu re  3 (in  th e  c ited  paper: V). F o r  th e  an a ly sis  re su lts , see fo o tno te*  
on  p . 88.

(b ) A m ix tu re  o f 3 (1 .0  g ; 2 .6  m m oles), p y rid in iu m  ch lo rid e  (1.0 g; 8.7 m m oles) and  
p y r id in e  (6 ml) was re flu x ed  fo r 3 h rs . and  th en  c o n c e n tra te d  to  a b o u t 3 m l. W a te r  (10 ml) 
w a s  th e n  added  to  p re c ip ita te  0 .80  g (83% ) of 5 as a ye llo w  p ro d u c t, m .p . 312°C. T he IR  
s p e c tru m  p roved  th a t  th is  su b s ta n c e  w as iden tica l w ith  th e  sam p le  p rep ared  acco rd ing  to  (a).

2 -B en zy liin in o -l-m e t liy l-4 -m ethylth io-5 ,5-diphenyl-3-im i< lazoliiic  (3)

(a) A m ix tu re  o f 1 -m e th o su lfa te  (12.5 g; 28.6 m m oles), ben zy lam m o n iu m  chloride 
(0 .3  g ; 2 m m oles), b en zy larn in e  (3 .2  g; 30 m m oles) a n d  d ry  ch lo ro fo rm  (20 m l) w as slowly 
h e a te d  to  its  b .p . and th e n  r e f lu x e d  fo r 6 hrs. T he re s id u e , o b ta in e d  on ev ap o ra tio n  of th e  
s o lv e n t  a n d  volatile  m a te ria ls , w as  w ash ed  by  th o ro u g h ly  sh a k in g  i t  tw ice  w ith  15-m l p o rtio n s  
o f  w a te r  an d  then w ith  20 m l o f  6 %  aqueous K O H . F in a lly , i t  w as d issolved in  10 m l o f h o t 
m e th a n o l.  A fter th e  ad d itio n  o f  1 m l o f w ater, th e  p ro d u c t  slow ly  c rysta llized  to  y ie ld  6.2 g 
(5 6 % ) o f 3, m .p. 135°C (fro m  a q u e o u s  m ethanol).

C21H 93N 3S (385.51); C alcd . C 74.78; H 6.01; N 10.90; S 8.30. F o u n d  C 74.94; H  5.54; 
N  10 .79 ; S 8.24% .

(b ) Authentic sample: A  so lu tio n  of 5 (0.40 g; 1.1 m m ole) in  n -propano l (90 m l) was 
m ix e d  w ith  m ethy l iodide (0.5 m l; 8.3 m m oles) a n d  a n  a q u eo u s  (5 m l) solution o f K 2C 0 3 
(0 .30  g ; 2.2 m m oles), an d  a llow ed  to  s ta n d  for 3 d ays. T h e  m ix tu re  w as th e n  filte red , th e f i l t r a te  
e v a p o ra te d  to  dryness, a n d  th e  re s id u e  e x trac ted , a f te r  th e  a d d itio n  of 5 ml o f w a te r , w ith  
th re e  3-m l portions o f ch lo ro fo rm . A fte r  ev ap o ra tio n  of th e  so lv en t, th e  residue was dissolved 
in m e th a n o l  (1 ml). On th e  a d d it io n  o f  2 ml of w a ter th e  p ro d u c t  (0.20 g; 48%  of 3) p re c ip ita te d  
in c ry s ta ll in e  form , m .p. 132— 3°C. B y  m ixed m .p . a n d  I R  sp e c tru m  i t  p roved  to  be id en tica l 
w i th  th e  substance  p re p a re d  a c c o rd in g  to  (a).

2 ,4 -D i(b en zy lim in o )-l-m e th y l-5 ,5 -d ip h en y lim id azo lid in e*  hydroch loride  (8  • HC1)

(a) Authentic sample: A  m ix tu re  of 3 (1.0 g; 2.6 m m oles), benzylarn ine  (1.5 m l; 14 
m m o le s)  a n d  b en zy lam m o n iu m  ch lo rid e  (0.50 g; 3.5 m m oles) w as h e a ted  fo r 25 hrs. a t 
120°C in  a sealed tu b e . A fte r  b e in g  allow ed to  cool, th e  m ix tu re  w as d ilu ted  w ith  e th e r  (10 
m l) a n d  th e  c rystalline  p ro d u c t  f i l te re d  off, w ashed  w ith  e th e r  an d  th e n  w ith  w a te r  to 
y ie ld  1.2 g (97% ) of 8 • HC1, m .p . 301°C (dec., from  a m ix tu re  o f m eth an o l an d  e th e r).

*The tau to m eric  s t r u c tu r e  w as n o t in v estiga ted .
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C30H Î8N4 • HCl (481.04). Calcd. C 74.90; H  6 .08 ; Cl 7 .37; N 11.65. F o u n d  C 74.86; 
H  6.34; Cl 7.64; N 11.38% .

T h e  n o n -c ry s ta llin e  b ase  m a y  be lib e ra te d  from  th e  h y d ro ch lo rid e  by  silv er o x id e .
(b ) A  m ix tu re  o f 1 -m eth o su lfa te  (2.0 g; 4.6 m m oles), b en zy lam inc  (6 m l; 55 m m oles) 

an d  b en zy lam m o n iu m  ch loride  (0.80 g; 5.6 m m oles) w as re flu x ed  for 10 h rs . D u r in g  th is  
period  co lou rless p la te s  w ere g ra d u a lly  d eposited  fro m  th e  o rig in a lly  hom ogeneous so lu tio n . 
A fte r  b e in g  allow ed to  cool, th e  th ic k  c ry sta llin e  p a s te  o b ta in e d  w as d ilu ted  w ith  e th e r  (15 m l) 
and  th e n  t r e a te d  as described  u n d e r  (a ) to  o b ta in  2.2 g (1 0 0 % ) o f 8 • HC1, m .p . 299°C (dec.) 
w hich , b y  m ix ed  m .p . and  I R  sp e c tru m , p roved  to  be  id en tica l w ith  th e  p ro d u c t  p re p a re d  
acco rd ing  to  (a).

*
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1,5-DIKETONES, V*
C A T A L Y T IC  R E D U C T IO N  O F  SO M E 2 -(l-A C E T Y L P R O P Y L )-B E N Z O P H E N O N F ,S

M. L e m p e r t - S r é t e r

(Institute of Organic Chemistry, L. Eötvös University, Budapest)

R eceived  .Jan u a ry  10. 1969

On c a ta ly tic  re d u c tio n  of 2 - ( l-ac e ty lp ro p y l)-5 ,4 '-d ia ce to x y -4 ,3 '-d im e th o x y -  
-b en zo p h en o n e(l)  a loose 1 : 1 m o lecu la r c o m p o u n d  of 2 -(l-ac e ty lp ro p y l)-5 ,4 '-d ia ce to x y - 
-4 ,3 '-d im e th o x y -d ip h en y lm e th an e  (2) a n d  2 -( l-e th y l-2 -h y d ro x y p ro p y ))-5 ,4 '-d ia ce to x y - 
-4 ,3 '-d im eth o x y -d ip h en y Im eth a n e  (3) is o b ta in e d . U nder th e  sam e c o n d itio n s , o th e r  
2 -(l-ace ty lp ro p y l)-b en zo p h en o n es (6 a n d  15) y ield  only red u ctio n  p ro d u c ts  a n a lo 
gous to  2.

2 is n o t an in te rm ed ia te  o f  th e  tra n s fo rm a tio n  1 — 3. since i t  is th e  a lip h a tic  
k e to n e  group  of 1 w hich is f i r s t  red u ced , u n d e r  fo rm atio n  of 14, whose a ro m a tic  ke tone  
g ro u p  is su b seq u en tly  reduced  to  y ield  3.

On c a ta ly tic  red u c tio n  a t  room  te m p e ra tu re  in  th e  p resence  o f  a palla- 
d iu m /ch a rco a l c a ta ly s t in  ace tic  acid  o r e th a n o l so lu tion , 2 - ( l-a c e ty lp ro p y l) -  
-5 ,4 '-d ia c e to x y -4 ,3 '-d im e th o x y -b e n z o p h e n o n e  (1) [1] tak es  u p , a c c o rd in g  to  
th e  re su lts  o f m ic ro h y d ro g en a tio n s , a b o u t 2.5 m oles of h y d ro g en  w h e re a f te r  
th e  a d d itio n  o f hyd rogen  a b ru p tly  s to p s. T h e  p ro d u c t (A) could b e  re c o n v e rte d  
in to  1 by  chrom ic acid  o x id a tio n , b u t , as show n b y  its  IR  an d  N M R  sp ec tra  
as well as b y  its  th in  lay e r c h ro m a to g ra m , in  sp ite  of th e  sh a rp  m e ltin g  p o in t, 
it p ro v ed  to  be a m ix tu re  o f tw o  su b s ta n c e s .

D irec t reso lu tio n  o f A in to  its  co m p o n en ts  by  e ith er f ra c tio n a l c ry s ta ll i
za tio n  o r b y  co lum n c h ro m a to g ra p h y  cou ld  n o t be ach ieved , th e re fo re , an 
in d ire c t p ro ced u re  had  to  be chosen. O n d e a c c ty la tin g  A by e th a n o lic  sodium  
h y d ro x id e , a c ry s ta llin e  (5) an d  an o ily  fra c tio n  (4) was o b ta in e d . A c e ty la tio n  
o f  th e  o ily  frac tio n  y ielded  th e  d ia c e ty l d e riv a tiv e  of 4 w hich , as show n by 
its  IR  a n d  N M R sp ec tra  as well as its  T L C , w as id en tica l w ith  o n e  o f  th e  com 
p o n e n ts  (2) o f A. The c ry s ta llin e  fra c tio n  (5), on th e  o th e r h a n d , acco rd in g  
to  its  e lem en ta l com position  an d  its  IR  a n d  N M R  spectra  p ro v e d  to  be  a t r i 
h y d ro x y  com pound  (see page 98).

Tw o of th e  th ree  h y d ro x y l g ro u p s h a d  to  be, in view  o f th e  fo rm a tio n  
o f  2 from  1, phenolic  h y d ro x y l g roups, w hile  th e  th ird  one p ro v e d  to  be alco
holic. T h e  second co m ponen t (3) o f A, th e re fo re , m ust have been th e  d e riv a tiv e  
o f  5 a c e ty la te d  on its  pheno lic  h y d ro x y l g ro u p s. In  fac t, by  se lec tiv e  a c e ty la tio n  
o f  th e  pheno lic  h y d ro x y l g roups o f 5, 3 cou ld  be successfully  p r e p a re d  and

‘ P a r t  IV. L e m p e r t -Sr é t e r  M., B ártiy , M .: A cta  Chim. Acad. Sei. H u n g . 57, 181
(1968)
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th e  p ro d u c t, acco rd ing  to  i t s  IR  and  NM R s p e c tra  as well as its  TLC , p ro v e d  
to  b e  id en tica l w ith  th e  seco n d  com ponent o f  A .

T h e  possib ility  o f  se le c tiv e  acy lation  o f  p h e n o lic  h y d ro x y l g roups in  th e  
p re se n c e  o f alcoholic h y d ro x y l  groups seem ed q u i te  prom ising  in  v iew  o f  th e  
k in e tic  in v es tig a tio n s  o f  M e s n a r d  and  B e r t u c a t  [2] according to  w h ich  
p h e n o lic  hyd roxy l g ro u p s  a re  ace ty la ted  t h i r t y  to  s ix ty  tim es fa s te r  th a n  
a lco h o lic  ones w hen th e  a c e ty la tio n  is p e rfo rm e d  w ith  acetic  a n h y d rid e  in  a 
d io x a n e —pyrid ine  m ix tu re  in  th e  presence o f p - to lu e n e su lfo n ic  acid. T here fo re , 
5 w as  re a c te d  w ith  a c e tic  a n h y d rid e  u n d e r th e  co n d itio n s  s ta te d  ab o v e  an d  
th e  p ro g ress  of th e  re a c t io n  w as followed as a fu n c tio n  of tim e . No p h en o lic  
h y d ro x y l could be d e te c te d  w ith  ferric ch lo ride  a f te r  a  few m inu tes, n e v e r th e 
less, accord ing  to  th e  I R  sp e c tru m  of th e  is o la te d  p ro d u c t, e s te rif ic a tio n  a t  
th e  a lip h a tic  h y d ro x y l g ro u p  h ad  n o t y e t s ta r te d .

T h e  s tru c tu re  o f  2 w as  co rro b o ra ted  b y  i ts  tra n s fo rm a tio n  b y  d e a c e ty la 
t io n  a n d  subsequen t m é th y la t io n  in to  7, w h ich  w as  p re p a re d  also b y  c a ta ly t ic  
re d u c tio n  (in acetic  a c id  o r  e th a n o l so lu tion  a t  ro o m  te m p e ra tu re , in  th e  p re 
sence  o f  a p a lla d iu m /c h a rc o a l ca ta lyst) o f  2 - ( l-a c e ty lp ro p y l)-4 ,5 ,3 /,4 '- te t r a -  
m e th o x y b en zo p h en o n e  (6 ) [3 ].

T h e  p roduc t o b ta in e d  b y  ca ta ly tic  re d u c tio n  o f  6 was p rev io u sly  [5] 
th o u g h t  to  possess th e  iso c h ro m a n e  skeleton a n d  to  b e , consequen tly , a ste reo -
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isom er o f  th e  isoch rom ane  (9) p rep a red  w ith  li th iu m  a lum in ium  h y d r id e  and  
su b se q u e n t ca ta ly tic  re d u c tio n  o f th e  iso b en zo p y ry liu m  sa lts  (8 ) o b ta in e d  
b y  a t re a tm e n t o f 6 w ith  m in e ra l acids [4]. H ow ever, accord ing  to  i t s  IR  
sp e c tru m , 6 co n ta in s an  a lip h a tic  ke ton ic  c a rb o n y l g roup  an d  re a c ts  w ith  
d in itro p h e n y lh y d ra z in e  a n d  gives a positive iodo fo rm  te s t .

ElI

OMe

HX 1 . L 1 A I H 4

2. f^/Pd-C

In  th e  presence o f so d iu m  a c e ta te , all h y d ro x y l groups o f  5 u n d erg o  
a c e ty la tio n  b y  acetic  a n h y d rid e  an d  10 is o b ta in e d . A lkaline h y d ro ly s is  re c o n 
v e rts  10 in to  5; on ch ro m ic  ac id  tre a tm e n t th e  m e th y len e  g roup  a c tiv a te d  
b y  th e  tw o  neighb o u rin g  p h e n y l groups is o x id ized  to  a carb o n y l g ro u p  and  
11 is o b ta in e d . C a ta ly tic  re d u c tio n  of 11 leads to  10.

I n  sp ite  o f th e  fa c ts  t h a t  th e  IR  an d  N M R  sp e c tra  o f A a re  th e  su p e r
p o sitio n s o f  th o se  o f its  c o m p o n en ts , an d  th a t  in  th e  TLC o f A its  co m p o n e n ts  
m ig ra te  sep a ra te ly , A  is a  loose m olecular a sso c ia te  o f  i ts  co m p o n e n ts , as

Tabic I

Melting points o f  A and its components

2 124— 125°C

2 +  A (2 : 1) 118— 122°C

(1 : 1) 115— 124°C

( 1 : 2 ) 108— 122°C
A 137— 138°C
A +  3 (2 : 1) 123— 135°C

( 1 : 1 ) 129— 134°C

(1 : 2) 131— 136°C
3 138— 140°C

2 +  3 ( 1 : 1 ) 118— 127°C

7* Acta Chim. Acad. Sei. llu n g . 63, 1970
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m a y  b e  deduced from  i ts  m e ltin g  ch a ra c te ris tic s . A  shows n a m e ly  a m elting  
p o in t  depression w ith  e i th e r  one of its  c o m p o n e n ts  and , on th e  o th e r  h an d , 
t h e  m e ltin g  p o in t o f  a th o ro u g h ly  ground 1 : 1 m ix tu re  of 2 an d  3 d iffers from  
t h a t  o f  A (с/. T ab le  I ) .

W hen , how ever, a n  equ im olecu lar m ix tu re  o f  2 and  3 w as rec ry s ta llized  
f ro m  e th an o l, a p ro d u c t  w i th  a sharp m e ltin g  p o in t ,  equal to  t h a t  o f  A , was 
o b ta in e d .

A n im p o rta n t o b s e rv a tio n  concerning th e  fo rm a tio n  o f A  is th a t ,  even 
u n d e r  m ore d rastic  c o n d itio n s  th a n  used d u r in g  i ts  p re p a ra tio n , A  c a n n o t be 
in d u c e d  to  add  m ore  h y d ro g e n , and  th a t ,  in  acco rd an ce  w ith  th is , 2 can n o t 
b e  re d u c e d  c a ta ly tic a lly  to  3. This o b se rv a tio n  suggests th a t ,  in  th e  course 
o f  tra n s fo rm a tio n  1 —>- 3 , f i r s t  th e  a lip h a tic  c a rb o n y l group  o f 1 is reduced  
to  a ca rb in o l group a n d  i t  is  only su b se q u e n tly  t h a t  th e  a ro m a tic  ca rb o n y l 
g ro u p  o f com pound 14 th u s  o b ta ined  is re d u c e d  to  a m e th y len e  g ro u p . The 
c o rre c tn es s  of th is  a s s u m p tio n  has been p ro v e d  b y  s tu d y in g  th e  b e h a v io u r 
o f  14 during  c a ta ly tic  re d u c tio n  (cf. below ).

I n  order to  p re p a re  14, 11 was d e a c e ty la te d  b y  a lkaline  h y d ro ly s is  and  
th e  p ro d u c t re c ry s ta lliz e d  from  aqueous m e th a n o l co n ta in in g  som e h y d ro 
c h lo r ic  acid.* I ts  e le m e n ta l  com position a n d  I R  sp ec tru m  p ro v es s tru c tu re

*W hen the aqueous m eth a n o l used for recrystallization  did not contain acid , colourless 
c ry sta ls  were obtained w h ich  turned  pink on standing and  had no sharp m elting  point even 
a fter  repeated recrystallization . Since no carbonyl band w as found in its  IR  spectrum , the 
p ro d u ct could not be id en tica l w ith  the expected 13; i t  could, however, be transform ed into 
13  b y  recrystallization from  aqueous methanolic hydrochloric acid. The precursor of 13, 
therefore, was assumed to  b e  id en tica l with the cyclohem iaceta l 12b or its m eth y laceta l 12a, 
or th e ir  m ixture. The w ide m e ltin g  point range and th e  diverging analytical data prevented  
a conclu sive  elucidation o f  th e  structure.
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13 fo r th e  p ro d u c t. This s tru c tu re  w as co n firm ed  b y  th e  o b se rv a tio n  th a t  
u p o n  ac e ty la tio n , 13 is re co n v e rted  in to  11. B y th e  m eth o d  m en tio n ed  above , 
13 w as se lec tive ly  ace ty la ted  a t  i ts  pheno lic  h y d ro x y l g roups to  y ie ld  14.

B oth  14 a n d  th e  phenolic 13 cou ld  be reduced  c a ta ly tic a lly  to  y ield  
3 a n d  5, re sp ec tiv e ly ; th e  la t te r  w as id en tified  as th e  to ta lly  O -ace ty la ted  
d e r iv a tiv e  (10).

S u rp ris in g ly , th e  te tra m e th o x y  ana logue  (6) [3] o f 1, on c a ta ly t ic  re d u c 
t io n , y ielded  exc lusive ly  7, th e  an a lo g u e  o f  2 (in ab o u t 60%  yield) a n d , a c c o rd 
in g  to  th e ir  IR  sp e c tra , th e  u n c ry s ta lliz a b le  oily  b y p ro d u c ts  d id  n o t  co n ta in  
a h y d ro x y l g roup  e ith e r , i.e. a c o m p o u n d  analogous to  3. S im ila rly , on  c a ta ly 
t ic  red u c tio n  o f  2 -( l-a c e ty lp ro p y l)-4 ,5 ,4 '- tr im e th o x y b e n zo p h e n o n e  (15) [6] 
o n ly  th e  m o n o k e to n e  analogues o f  2 a n d  7 could  be o b ta in e d . T h a t  in  th e  
case  o f 1 — as c o n tra s te d  to  th o se  o f  6 an d  15 th e  a lip h a tic  c a rb o n y l g roup  
can  effectively  co m p e te  w ith  th e  a ro m a tic  one d u rin g  c a ta ly tic  h y d ro g e n a tio n , 
m a y  perh ap s be a consequence o f  th e  en h an ced  re a c tiv ity  o f th e  fo rm e r and 
n o t o f  th e  decreased  re a c tiv ity  o f  th e  la t te r .  E x p e rim en ts  to  te s t  th e  c o rre c t
ness o f th is  h y p o th es is  are in p ro g ress .

Experim ental*

Catalytic reduction of 2 -(l-a ce ty lp ro p y l)-5 ,4 ’-d iacetoxy-4,3’-dim ethoxybenzophenone (1 )  [1

A  s u s p e n s io n  o f  1 (6 .0  g; 13 .6  m m o le s )  in  e t h a n o l  (4 0 0  m l)  w a s  h y d r o g e n a te d  a t  r o o m  te m  
p e r a t u r e  a n d  1 a tm . in  t h e  p resen ce  o f  a 1 0 %  p a lla d iu m /c h a r c o a l  c a t a ly s t .  H y d r o g e n  a b s o r p 
t io n  s t o p p e d  a fte r  a b o u t  5 — 6 h rs ., d u r in g  w h ic h  p e r io d  a c le a r  s o lu t io n  w a s  fo r m e d . T h e  c a t a 
l y s t  w a s  r e m o v e d , t h e  s o lu t io n  e v a p o r a te d  t o  d r y n e s s  a n d  t h e  re s id u e  c r y s ta l l iz e d  f r o m  e t h a n o l  
to  y ie ld  4 .9  g (8 4 % ) o f  c o lo u r le s s  c r y s ta ls  o f  A , m .p .:  137 138°C .

C24H 2K0 7 +  C24H 30O 7 (8 5 8 .9 ) . C a lcd . C 6 7 .1 2 ;  H  6 .8 0 . F o u n d  C 6 7 .3 5 ;  H  6 .8 5 % .
IK  (K B r  p e l le t ) :  Ю Н : 3 5 6 0 , vCO : 1 7 7 0  ( p h e n y l  e s te r )  a n d  1 7 1 5  c m " 1 (w e a k ,  a l ip h a t ic  

k e t o n e ) .
T h e  N M R  s p e c tr u m * *  o f  A  c o n t a in s  a ll  s ig n a ls  p r e s e n t  in  th o s e  o f  2 a n d  3 .

I n t e n s i t y  r a t io s  F o u n d  C a lc u la te d  f o r  1 : 1 c o m p o s i t io n
C H 3O A r  or C H 3C O O  : C H 3CO 28  : 7 4 : 1
C H g O A r o r  C H 3C O O  : O H  28  : 2 ,5  12 : 1
A rC H 2A r : C H 3CO 10 : 7 4 : 3

T h e  sa m e  p r o d u c t  w a s  o b ta in e d  w h e n  t h e  r e d u c t io n  w a s  p er fo r m e d  in  a c e t ic  a c id  s o lu t io n .

* M .p .-s  a re  u n c o r r e c te d
* * F o r  th e  N M R  s p e c tr a , c f. T a b le  II

A d a  Chim. Acad. Sei. Hung. 63, 1970



102 L E M PE R T -SR É T E R : 1,5-D IK E T O N E S, V

Chromic acid oxidation

A  m ixture of C r03 (0 .3  g; 3 m m oles), water (0.5 m l) and acetic acid (2 m l) was added  
dropw ise to a solution o f  A (0.5 g; 1.2 mmole) in acetic  acid (10 ml) placed in an ice bath . 
The ox id a tio n  m ixture w as allow ed to stand for a few  hours a t room tem perature and then  
poured in to  water and ex tracted  w ith  benzene. The benzene solution  was washed until neutral, 
dried and evaporated to dryness. T he residue was recrystallized  from  ethanol to y ield 0.18 g 
(30% ) o f  1 [1] identified  b y  its  IR  spectrum, its m .p. (178— 80°C) and the m ixed m .p. deter
m ination  w ith  an auth en tic  sam ple.

Deacetylation o f A

A  m ixture o f A (4.2 g; 10 m m oles) ethanol and 20%  aqueous NaO H  (14 ml each) was 
h eated  for 1 hr. on a steam  bath  and concentrated to  a b ou t h a lf o f its original volum e. W ater  
(15 m l) w as added and the so lu tion  acidified by the addition  o f aqueous HC1. The oily precipi
ta te  w as dissolved in ether, the solution dried over M g S 0 4 and evaporated to dryness. T he  
oily  residue was dissolved in  th e  m inim um  am ount o f ether; a sm all am ount of petroleum  ether  
was added and the so lution  w as allowed to stand o vern igh t in a refrigerator. The crystalline  
precip itate  was collected and recrystallized from aqueous m ethanol to yield 1.8 g (52% ) of  
3, m .p . 136— 137°C (turning red).

C20H 2cOs (346.4). Calcd. C 69.34; H 7.56% . F ou n d  C 69.15; H  7.26% .
IR : vÖ —H 3450 (broad); vC =  0  о
T he oily  residue (1 .15  g; 34% ) of the m other liquor o f crude 5 consisted o f alm ost 

pure 4  contam inated w ith  traces o f 5.

2 -(l-A ce ty lp ro p y l)-5 ,4 , -diacetoxy-4,3, -dim ethoxy-diphenylm ethane (2 )

Crude 4 (0.3 g; 0.87 m m ole) prepared as described above w as acetylated  w ith  acetic  
anhydride and sodium  aceta te . T he crude 2 which, according to its  IR  spectrum , contained  
som e 10 (originating from  5 w hich  contam inated the startin g  m aterial) was purifed by repeated  
recrvsta llization  from m eth anol to  yield 0.18 g (48 .5% ) o f 2 , m .p. 124— 125°C.

C24H 280 7 (427.5). Calcd. C 67.27; H 6.59; О 26.14. Found C 67.27; H 6.65; О 26.25% . 
IR : vC =  0  1770 (p h en y l ester) and 1710 (a lip hatic  ketone).
N M R spectrum : cf. T able II

2,^-Dinitrophenylhydrazone , m .p . 109— 111°C (from eth y l acetate)

C3oH 320 10N 4 (608.6). Calcd. C 59.20; H 5.30; N  9 .20 . Found C 59.14; H 5.65; N  8.98% .

Partial and total acetylation of 2 -(l-ethyl-2-hyd roxyp rop yl)-5 ,4 , -dihydroxy-4,3’-dim ethoxy-di-
plicnylm ethane (5 )

a )  16 m l of an a cety la tio n  m ixture (prepared from  7.5 m l acetic anhydride, 16 m l o f  
dry d ioxan e and 0.5 g o f  p -to luenesu lfon ic acid) were added to  a solution of 5 (0.8 g; 2.3 m m oles) 
in dry pyrid ine (8 m l). T he in itia lly  positive colour sp ot te s t  w ith  ferric chloride turned negative  
after allow ing the m ixture to  stand  for 3 m inutes a t room  tem perature. A t this m om ent the  
m ixture was poured into  w ater and the crystalline p recip itate  was recrystallized from m ethanol 
to y ield  0.56 g (57% ) o f  3 , m .p . 138— 140°C.

C24H 30O7 (430.5). Calcd. C 66.95; H 7.03; О 26 .01 . Found C 66.78; H  7.05; О 26.09% .
IR  : vO— II 3565, vC =  0  1760 (phenyl ester).
IN MR spectrum : cf. T able II.
b)  5 (0.6 g; 1.7 m m oles) w as acetylated w ith  acetic  anhydride and sodium  acetate and  

th e  product recrystallized from  aqueous m ethanol to y ie ld  0.72 g (90% ) of 10, m .p. 128—  
130°C.

CIGH 320 8 (472.5). Calcd. C 66.09; H 6.83; О 27.10. Found C 66.24; H  6.73; О 26.95% .
IR : vC =  0  1735 (a lip hatic  ester), 1770 (ph en yl ester)
NM R  spectrum : cf. T able II.
T he same product w as obtained by heating 5 w ith  the acetylation  m ixture described  

under a )  for 10 m inutes on  a steam  bath.
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2-(l-A cety lp rop y l)-4 ,5 ,3 ’,4 ’-tetram ethoxy-diphenylnicthane (7 )

a)  2 (0.15 g; 0.35 m m ole) was deacetylated  by reflu x in g  w ith ethanolic sodium  hydroxide. 
W ater w as added and the product extracted  w ith  ether. The solution was dried and treated  
w ith an ethereal diazom ethane solution . The m eth y la ted  product was reerystallized from  
aqueous m ethanol to yield 0.1 g (74% ) o f 7, w hich w as identified  by m.p., IR  and m ixed  m .p. 
w ith an authentic sam ple of 7 prepared according to  b) .

b) B y  reduction o f  2- (1-acetylpropyl)- \ ,Ь ,У  ,i'-tetramethoxybenzophenone ( 6) [3]
6 (1 .0  g; 2.6 m m oles), dissolved in  ethanol (90 m l) w as reduced at room tem perature  

and 1 atm . in the presence o f a 10% palladium /charcoal catalyst. During a period o f  about 
1 hr. 121 normal m l (5.3 m m oles) o f hydrogen was consum ed. The catalyst was rem oved , the  

filtrate  evaporated to dryness and the residue recrystallized  from m ethanol to y ie ld  0.57 g 
(59% ) o f 7 , m .p. 9 4 — 95°C.

C22 H280 5 (372.4). Calcd. C 71.00; H  7.52. Found C 71.28; H  7.58% .
IR : t>C =  0  1705.
The product gave a positive iodoform  test.

2 ,4 -Dinitrophenyl hydrazone, m.p. 161— 162°C (from  an ethanol-ethyl acetate m ixture). 
C28H 32N,,08 (552.6). Calcd. N  10.01. Found N  9.88% .

Reactions of 2 -(l-eth y l-2 -acetoxyp rop y l)-5 ,4 , -d iacetoxy-4 ,3 , -dim ethoxydiphenylm etliane (1 0 )

a)  D cacetylation  of 10 by ethanolic NaO H  g iv es 5 , m p. and mixed m .p. 135— 137°C.
b) O xidation o f 10 (0.3 g; 0.64 m m ole) w ith  CrOa in acetic acid gave 0.15 g (48.5% )

o f 11, m .p. 138 139°C (from  m ethanol).
C2eH 30O9 (486.5). Calcd. C 64.19; H  6.22; О 29.6 . Found C 64.16; H 6.16; О 29.34% . 
IR : t 'C = 0  1780 (phenyl ester), 1730 (a liphatic ester), 1670 (aromatic ketone).
NM R spectrum : cf. Table II.
U pon cata lytic  reduction in ethanol solution in the presence of a palladium /charcoal 

cata lyst, 11 was reconverted into 10.

2-(l-E thyl-2-hydroxypropyl)-5 ,4 , -d ihydroxy-4,3’-dim ethoxybcnzophenone (1 3 )

A m ixture o f 11 (0.48 g; 1 m m ole) w ith  ethanol and 20% aqueous NaO H  (2.5 m l each) 
was refluxed for 1 hr. The solution turned bright red after  a few  minutes. I t  was poured into  
water, treated  w ith charcoal and acidified w ith  aqueous HC1. The oily red precipitate (0 .35  g) 
was extracted  w ith ether and recrystallized from  d ilu te aqueous m ethanol, contain ing som e  
HCI, to  y ield  0.14 g (40% ) o f 14; cream  coloured crystals, m. p. 139— 141°C.

C2„H 21O0 (360.4). Calcd. C 66.65; H  6.71. F ou n d  C 66.25, 66.55; H 6 .60 , 6 .90% .
IR : v O —H 3610— 2600; vC =  0  1630 (arom atic ketone).
A cetylation  o f the product w ith acetic  anhydride and sodium  acetate reconverted  it 

into 11, w hich was identified  by m .p., m ixed m .p. and IR  spectrum .
W hen the original red oil obtained by extraction  w ith  ether was recrystallized from  

aqueous m ethanol containing no HCI, 0.2 g o f colourless crystals (presum ably a m ixture of  
12a and b), m elting range 120— 145°C, were obtained , w h ich  turned pink on standing. This 
product, w hen recrystallized from aqueous m ethanol containing HCI, was converted  into  
14 described above.

Reactions o f 2-(l-ethyl-2-hyd roxyp rop yl)-5 ,4 , -dihydroxy-4,3, -diincthoxybenzophenone (1 3 )

a) Partial acetylation
A solution o f 13 (0.2 g; 0.55 m m ole) in pyridine (4 m l) was treated for 3 m in a t room  

tem perature w ith  an acetylation  m ixture (4 m l) described on p. 102. When the m ixture was 
poured into water, 0.15 g (62% ) crude 14 was obtained in  the form of a colourless precip itate, 
m.p. 1 9 1 —193°C (first from  dil. acetic acid and then from  ethyl acetate).

C21H 28Og (444.5). Calcd. C 64.85; H  6.35. Found C 64.52; H 6.47% .
IR  : vO— H 3485 (aliphatic), vC =  0  1760 (phenyl ester).
b) Catalytic reduction
13 (0.04 g; 0.11 m m ole) dissolved in ethanol (10 m l) was hydrogenated in the presence  

of a palladium /charcoal ca ta lyst at room tem perature. T he product (5) obtained on evaporation  
of the filtrate  to dryness was acetylated w ith  acetic anhydride and sodium acetate, and id en 
tified in the form o f  10 by m .p., m ixed m .p. and IR  spectrum .
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Table II

N M R  spectra ( in  CDCI.J 
<5 values (in ppm), internal reference: TMS

— C om pound 

G ro u p  —___
2* 3** 10** 11**

CH3— CH2 

(triplet, J =  12 Hz)
0.75 ppm 0.6 ppm 0.6 ppm 0.7 ppm

CH3CH<0 A e

(doublet, J 12 Hz)
— — 0.9 ppm 1.05 ppm

CH3 C.H<0H  

(doublet, J =  12 Hz)
— 0.95 ppm —

CH3- C < ° 1.8 ppm — — —

aliph. — 2.03 ppm 1.95 ppm
CH3 b< 0

crom. 2.3 ppm 2.3 ppm 2.25 ppm 2.20 ■]- 2.25 ppm

CH3OAr 3.7S ppm 3.7 +  3.8 ppm 3.65 +  3.70 ppm 3.75 +  3.80 ppm

Ar— CH.,Ar 4.0 ppm 3.93 ppm 3.9 ppm

A r - H 400—420 Hz 390 — 420 Hz 390—420 Hz 410—450 Hz

Intensity ratio 3 : 3 : 6 : 6 : 2 : 5 3 : 3 : 6 : (3 -f 3) : 2 : 5 3 : 3 : 3 : 6 : (3 +  3) : 2 : 5 3 : 3 : 3 : (3 +  3) : 

: (3 f  3) : 5

* The signals o f the m ethine group and of the m ethylene protons of the ethyl group could not be identified  
** The signals of the two m ethine protons and of the m ethylene protons of the ethyl group could not be identified
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Catalytic reduction of 2 -(l-ethyl-2-hyd roxyp rop yl)-5 ,4 ’-d iacetoxy-4 ,3’-dim ethoxybenzophenone
(1 4 )

A suspension of 14 (0.04 g; 0.09 m m ole) in ethanol (10 m l) was hydrogenated a t  room  
tem perature in the presence of a palladium /charcoal ca ta ly st. The product (3) d isso lved  as 
soon as it formed and, after rem oving the cata lyst, w as isolated by evaporation to  dryness  
and recrystallization from aqueous m ethanol. It was identified  by m.p. (138 140°C), m ixed
m .p. and IR  spectra.

Reduction of 2 -(l-acety lp rop y l)-4 ,5 ,4 ’-trim ethoxy-benzophenone (1 5 ) [6 |

A suspension of 15 (1.37 g; 3.8 m m oles) in ethanol (30 m l) was hydrogenated in the 
presence of a 10% palladium  /charcoal cata lyst. After 170 norm al ml (7.6 mmoles) o f  hydrogen  
had been consum ed, the catalyst was rem oved and the filtra te  evaporated to dryness to yield  
2-(l-acety lp rop yl)-4 ,5 ,4 ’-trim ethoxy-diphenylm ethane, w hich resisted all attem pts o f  cry sta l
lization.

IR: vC =  0  1710 (aliphatic ketone)
Iodoform test positive.

2,4-Dinitrophenylhydrazone,  m .p. 181 183°C (from an eth a n o l-e th y l acetate m ixture)

C27H 30N 4O7 (522.5). Calcd. N 10.72. Found N 10.55% .
*

The author is indebted to Mrs. A. F a r a g ó  for her valuable assistance in perform ing  
the experim ents, to the rnicroanalytical division of th e  In stitu te  (Head: Mrs. H. M e d z i h -  

r a d s z k y - S c i i w e i g e r )  for the m icroanalyses, to Dr. F. R u f f  for recording the IR  spectra  
and to Dr. P. Sohá r  for recording and interpretation o f the NMR spectra.

R E F E R ENCES

1. Mü l l e r , A., H o r v á th , A.: Chem. Ber. 76, 855 (1943)
2. Me s n a r d , P., B e r t u c a t , M.: Boll. Chim. Farm. 101, 519 (1962); Chem. Abstr. 59 , 1513

(1963)
3. D o e r in g , W. von E., B e r s o n , .1. A.: J . Am . Chem. Soc. 72, 1118 (1950)
4. Mü l l e r , A., Szabó , L.: Chem. Ber. 77, 6 (1944)
5. Mü l l e r , A., L e m p e r t -S r é t e r , M., K arczag-W il h e l m s , A.: J . Org. Chem. 19, 1533 (1954)
6. L e m p e r t -S r é t e r , M., Mü l l e r , A.: A cta Chim. A cad. Sei. H ung. 41, 451 (1964)
7. L e m p e r t -S r é t e r , M., B á r d y , M.: Acta Chim. Acad. Sei. Hung. 57, 181 (1968)

M agda Lem pert-Sr é t e r ; B u d a p e s t V I I I . ,  M úzeum  krt. 4/b.

Acta Chim. Acad. Sei. Hung. 63, 1970





Acta Chimica Academiae Scienliarum Hungaricae, Tomus 63 (1) ,  pp . 107—110 (1970)

ÜBER DIE OXYDATION VON SYMMETRISCHEN 
PYRIDYL-3-THIOÄTHERN ZU SULFOXIDEN 

UND SULFONEN
( V O R L Ä U F I G E  M I T T E I L U N G )

W. G ö b e l  u n d  H . J .  K ö n i g

(Sektion Chemie, Bereich Technische Chemie, der Technischen Universität Dresden, D D R )

E ingegangen am 3. Januar 1969

D urch O xydation von  Pyridyl-3-th ioäthern m ittels W asserstoffperoxid oder 
Benzopersäure unter m ilden R eaktionsbedingungen sind die P yridyl-3-su lfoxide, 
die bisher in  der Literatur noch  nicht beschrieben wurden, zugänglich. W erden die 
Thioäther schärferen R eaktionsbedingungen au sgesetzt, so können m ittels W asser
stoffperoxid in  Eisessig oder technischer N atrium hypochloritlösung im  alkalischen  
Medium die entsprechenden Sulfone erhalten werden.

P yridy l-2 - bzw . -4-sulfoxide u n d  -sulfone w u rd en  in  d er L ite ra tu r  be re its  
besch rieben ; P y rid y l-3 -su lfo x id e  u n d  D ip y rid y l-3 ,3 ’-d isu lfone sind  ab e r noch  
n ic h t b e k a n n t. D ie d a rg es te llten  V erb in d u n g en  w erden  zu r Zeit a u f  ih re  
biologische W irk sa m k e it u n te rs u c h t. Ü ber d ie  als A u sg an g sp ro d u k te  fü r  die 
zu le tz t g e n a n n te n  V erb indungen  geeignet e rsch e in en d en  T h io ä th e r  1,5-Bis- 
(p y rid y l-3 -th io )-p e n tan  (I), 2 ,2 ’-B is-(p y rid y l-3 ” - th io )-d iä th y lsu lf id  (II) u n d  
2 ,2 ’-B is-(p y rid y l-3 ” -th io )-d iä th y la m in  (III) w u rd e  v o n  uns kü rz lich  b e r ic h 
te t  [1].

I ^ l - Y — C H , C H j -  X - C H 2C H 2 Y  i j ^
к ]\> N N '

T h io ä th e r ( Y = S ) :  I: X  =  C H 2; II: X  =  S; III: X = N H  
Sulfoxide (Y =  SO ): la: X = C H 2; Ha: X  =  SO ; l i la :  X  =  N H  
Sulfone (Y =  S 0 2): II»: X  =  C H 2; Ilb: X = C H 2; IHb: X  =  N H

D as V erfahren  z u r  D a rs te llu n g  von  S u lfox iden , das von  S h r i n e r , S t r u c k  

u n d  J o r i s o n  [2] beschrieben  w u rd e , erw eist sich  au ch  als geeignet zu r D a rs te l
lung  von P y rid y l-3 -su lfo x id en . D an ach  w ird  d e r in  A zeton  gelöste T h io ä th e r  
m it der s tö ch io m etrisch en  M enge 30% igen  W asse rs to ffp e ro x id s  bei Z im m er
te m p e ra tu r  u m g e se tz t.

Die V e rb in d u n g  I w urde  auch  m itte ls  B en zo p ersäu re  n ach  S h a w , 

B e r n s t e i n , L o s e e  u n d  L o t t  [ 3 ]  zum  S u lfox id  o x y d ie r t. D ie A u sb eu ten  sind  
bei beiden V e rfa h ren  in e tw a gleich, die R e a k tio n sp ro d u k te  id en tisch .
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D ie  L öslichkeit der S u lfo x id e  in  W asser n im m t in  der R e ihenfo lge  Ia, 
l i l a  u n d  Ha en tsp rechend  d e r an s te ig en d en  P o la r i tä t  d ieser V e rb in d u n g e n  zu. 
I n  g le ic h e r  R eihenfolge n im m t die L ö slichke it in  w enig oder n ic h tp o la re n  o rg a 
n isc h e n  L ö su n g sm itte ln  ab . D ie  Su lfox ide sin d  in  W asser b esser löslich  als die 
e n tsp re c h e n d e n  T h io ä th e r.

D ie  P ik ra te  d er d a rg e s te llte n  Sulfoxide sind  g u t k ris ta llis ie ren d e  V er
b in d u n g e n , die H y d ro ch lo rid e  v o n  Ia u n d  l i la  sind s ta rk  h yg roskop isch .

Im  G egensatz zu den  P y rid y l-3 -su lfo x id en  w u rd en  P y rid y l-3 -su lfo n e  
in  d e r  L i te r a tu r  schon h ä u fig  besch rieb en . A llerd ings w u rd en  sie m e is t du rch  
U m s e tz u n g  von  S u lfin säu ren  m it  A cyl- oder A lky lha logen iden  bzw . m it O le
f in e n  e rh a l te n  [4, 5, 6, 7]. D u rc h  O x y d a tio n  v o n  P y rid y l-3 - th io ä th e rn  g e lan g ten  
B a m b a s  [8 ], B u r t o n  u n d  D a v y  [7] u n d  T a k a h a s h i  u n d  U e d a  [9] zu den  
e n tsp re c h e n d e n  Sulfonen.

V o n  diesen A u to ren  w u rd e n  W asse rs to ffp e ro x id , K a liu m p e rm a n g a n a t, 
K a liu m d ic h ro m a t u n d  S a lp e te rsä u re  als O x y d a tio n sm itte l v e rw e n d e t. P e r
s ä u re n  o d e r N a triu m h y p o c h lo r it w u rd en  in  d er P y rid in re ih e  z u r H e rs te llu n g  
v o n  S u lfo n en  noch n ic h t e in g e se tz t. D as b illige O x y d a tio n sm itte l N a tr iu m 
h y p o c h lo r i t  w urde b isher n u r  zu r O x y d a tio n  von  in  E rdö l e n th a lte n e n  S u lfiden  
e in g e s e tz t  [10, 11, 12], w obei S ulfone e n ts te h e n . E ine  A rb e itsv o rsc h rif t, die 
fü r  d ie  O x y d a tio n  von  P y r id y l-3 - tio ä th e rn  zu den  e n tsp rech en d en  S ulfonen  
v e rw e n d e t  w erden k ö n n te , w ird  a b e r von  diesen A u to ren  n ic h t gegeben . E in  
v o n  u n s  au sg earb e ite te s  V e rfa h ren  lie fe rt g u te  A u sb eu ten ; die m itte ls  P e rh y d ro l 
e r re ic h b a re n  A usbeu ten  h eg en  a b e r  d eu tlich  h ö h er. A ndere O x y d a tio n sm itte l 
w u rd e n  n ic h t e ingesetzt, d a  be i deren  E in sa tz  in  s tä rk e re m  M aße N eb en 
re a k t io n e n  zu b e fü rch ten  s in d , die am  E n d e  zu  viskosen V erh a rzu n g sp ro 
d u k te n  fü h re n  (vgl. z. B . a u c h  K n o l l  [13]).

D ie  O xydatio n  m itte ls  N a tr iu m h y p o c h lo r it w ird  im  a lka lisch en  M edium  
d u rc h g e fü h r t .  D eshalb k ö n n e n  h ie r  le ich t Salze, w ie z. B . H y d ro c h lo rid e , die 
o f t le ic h te r  zugänglich  sind  als die fre ien  B asen , e ingese tz t w erden .

D e r  O xydatio n  m itte ls  P e rh y d ro l w u rd en  die V erb in d u n g en  I, II u n d  
III u n te rw o rfe n ; N a tr iu m h y p o c h lo r it  w u rd e  n u r  zu r O x y d a tio n  v o n  I v e r 
w e n d e t , n ach d em  das V e rfa h ren  an  einem  e in fachen  a lip h a tisch en  T h io ä th e r  
e n tw ic k e lt  u n d  e rp ro b t w o rd en  w ar.

W ä h re n d  die O x y d a tio n  be i d e r V erb in d u n g  I g la tt  v e r lä u f t ,  w e rd en  aus 
d en  V erb in d u n g e n  II u n d  III P ro d u k te  e rh a lte n , deren  e le m e n ta ra n a ly tisc h e  
W e rte  n ic h t  den b e re c h n e ten  e n tsp rech en . D ie IR -S p e k tre n  w eisen  a b e r  fü r 
a lle  V e rb in d u n g e n  S u lfo n y lg ru p p en  aus.

D ie oben  fo rm u lie rte  V e rb in d u n g  I lb  is t  ein 1 ,4 ,7 -T risu lfon . D a  ab er 
b e re i ts  1 ,4-D isulfone le ich t in  S u lfin säu re  u n d  /З-O xysu lfon  ze rfa llen  [14], 
e r s c h e in t  d ieser B efund  v e rs tä n d lic h .

D a s  3 ,5 -D in itro b en zo a t des O x y d a tio n sp ro d u k te s  von  III g ib t bei der 
E le m e n ta ra n a ly s e  e tw as zu  n ied rig e  S tick sto ff- u n d  zu h ohe  K o h len sto ff-
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u n d  W asse rs to ffw erte :
%N %C %H

B e re c h n e t 12,75 45,85 3,46
G efu n d en  11,72; 12,00 46,71; 46 ,96  5,21; 5,35

B ish e r w ar es n ic h t m öglich , die S tr u k tu r  d ieser P ro d u k te  — das zu le tz t ge
n a n n te  is t au f G ru n d  seiner p h y sik a lisch en  u n d  chem ischen  E ig en sch aften  
w ahrsche in lich  v e ru n re in ig te s  I l lb  — e x a k t zu e rm itte ln .

D ie Sulfone s in d  wie e rw a rte t in W asser besser löslich als die Sulfoxide.

B eschreibung der V ersuche

S u lfo x id e

1. Oxydation mittels 30°/o igen Wasserstoffperoxids:
5 g  I  (0 ,0 1 7  M o l)  w e r d e n  in  30  m l A z e t o n  g e lö s t ,  m it  4  g  ( 0 ,0 3 5  M o l)  3 0 % ig e m  W a s s e r 

s t o f f p e r o x id  v e r s e tz t  u n d  4 8  S tu n d e n  b e i Z im m e r te m p e r a tu r  s t e h e n  g e la s s e n . N a c h  A b d e s t i l 
la t io n  d e s  L ö s u n g s m it t e ls  im  V a k u u m  a u f  d e m  W a ss e r b a d  w ir d  in  A lk o h o l a u fg e n o m m e n ,  
m it  A k t iv k o h le  e n t f ä r b t  u n d  d a s L ö s u n g s m it t e l  w ie  o b e n  w ie d e r  a b d e s t i l l ie r t .

A u s b e u t e n :  4 ,4  g  l a  e n t s p r e c h e n d  7 9 %  d . T h .
пц°: 1 ,6 0 6 2 , g e lb lic h e  F lü s s ig k e i t
3 ,4  g П а  e n t s p r e c h e n d  5 9 %  d . T h . 

u m k r is t .  a u s  A z e to n  
F . 1 3 4 — 13 6  °C , fa r b lo s e  K r is ta lle  

3 ,0  g l i l a  e n ts p r e c h e n d  5 4 %  d . T h . 
h e llb r a u n e  F lü s s ig k e it

D ie  P ik r a t e  ze ig en  fo lg e n d e  F .:

I a :  1 4 7 - 1 4 8  °C  
H a :  2 4 8 - 2 5 0  °C  (Z .)

I H a :  1 8 5 -  188 °C  (Z .)

D ie  b e sc h r ie b e n e n  S u l f o x id e  s in d  lö s l ic h  in  W a sse r , v e r d . S a lz s ä u r e , A lk o h o l u n d  A z e to n ,  
s c h w e r  o d e r  u n lö s lic h  in  Ä th e r , B e n z o l u n d  v e r d . N a tr o n la u g e .

2. Oxydation mittels Benzopersäure:
5 g  I (0 ,0 1 7  M o l)  w e r d e n  in  30 m l C h lo ro fo rm  g e lö s t  u n d  u n te r  R ü h r e n  in n e r h a lb  30  

M in . b e i 10  °C  m it  22  m l 1 ,5 3  m o la rer  L ö s u n g  v o n  B e n z o p e r s ä u r e  (0 ,0 3  M ol) in  C h lo ro fo rm  
v e r s e t z t .  D er A n s a tz  w ir d  n o c h  3 S td . b e i 10  °C  g e r ü h r t . D a s  R e a k t io n s g e m is c h  w ird  z w e im a l  
m it  k a lte r  g e s ä t t ig te r  S o d a lö s u n g , e in m a l m it  5 % ig e r  N a t r o n la u g e  u n d  z w e im a l m it  W a ss e r  
g e w a s c h e n .  N a ch  A b d e s t i l la t io n  d es  L ö s u n g s m it t e ls  e r h ä lt  m a n  e in e  A u s b e u te  v o n  4 g e n t 
s p r e c h e n d  72%  d . T h .;  njf>°: 1 ,6 0 4 9 .

T a b e lle  I
Analytische Daten dargestellter Pyridin-3-sulfoxide

Verbindung Bruttoformel Molekular
gewicht

S her. 
(%)

S gef.
<%)

N her. 
<%)

N gef. 
<%)

Absorption im 
I R-Spektrum

l a c 1i h is n , o 2s 1 322 1 9 ,8 9 2 0 ,0 4 8 ,6 9 8 ,5 4 1 0 5 0  c m "  1

H a

l i l a -

с 14н , ^ ж0 А 3 5 6 2 6 ,9 8 2 6 ,8 6 7 ,8 6 7 ,81 1 0 4 0  cm "  1

p ik r a t c 2„h 20n „ 0 9s 2 552 1 1 ,6 2 1 1 ,4 3 1 5 ,2 0 1 5 ,1 3 104 2  cm "  1
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■ Sulfone

1. Oxydation  mittels 30% igen  Wasserstoffperoxids:

5 g (0,017 Mol) I werden in  20 m l E isessig  gelöst und m it 12 ml (0,106 Mol) Perhydrol 
v e rse tz t . Nun wird 2 Std. unter R ü ck flu ß  erhitzt. Bei E ingießen des R eaktionsgem isches in  
300 m l eiskalte Sodalösung krista llisiert das Sulfon aus. N ach A bsaugen lä ß t sich aus dem  
F iltr a t  durch Extraktion m it Chloroform  eine zw eite Fraktion gewinnen. D as R ohsulfon wird 
aus A zeto n  um kristallisiert.

A usbeute: 5,8 g entsprechend 95%  d. Th.;
F . 1 4 4 — 144,5 °C

D ie  Substanz ist löslich in  heißem  W asser, leich t löslich in verd. HCl und Chloroform, 
in  h e iß em  Alkohol und A zeton , w enig löslich  in  Ä ther und B enzol und un löslich  in verd. 
N aO H .

P ik ra t: F . 171— 172 °C 
D ihydrochlorid: F. 2 0 0 - 2 0 2  °C

S ber. 18,09 N her. 7,91
S gef. 17,88 N  gef. 7,94

A b so rp tio n en  im  IR -Spektrum :
1153 cm - 1 ; 1300 cm -1

2. Oxydation  mittels Natriumhypochlorit:

Zu 5 g (0,017 Mol) I w erden unter Rühren bei 30 °C innerhalb 30 M inuten 42 ml (0,068 
M ol) 1,6 n-N atrium hypochloritlösung getropft und die R eaktionsm ischung noch 2 Std. bei 
dieser Tem peratur gerührt. N ach A bkühlung extrahiert m an das gebildete Sulfon m it Chloro
form , destilliert dann das E xtra k tio n sm itte l ab und kristallisiert den R ückstand aus A zeton um.

Ausbeute: 3,8 g entsprechend 62,3%  d. Th.
F . 141 — 143 °C

M ischschm elzpunkt m it dem  unter 1. erhaltenen Sulfon:
K ein e  Depression
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G. M. B a d g e r : A rom atic  Character and A ro m a tic ity .

U n iversity  Press, Cambridge 1969. 133 pages.

This book by Professor B a d g e r  (Adelaid) has been published as a volum e o f the Cam
bridge Chemistry T extbook Series. The purpose of the Series is rather to high light the prin
cipal theoretical backgrounds than  to supply the reader w ith  detailed inform ation.

The concepts o f ‘‘arom atic character” and “ arom atic ity”  have recently becom e rather 
vague, as a number of short-lived , unstable chemical en tities have been synthesized , to which, 
in a certain sense, an arom atic character m ay be assigned, e.g. the dianione derived from  
cyclooctatetraene. Therefore, the classic usage according to which the expression  ’’arom a
tic”  was next to synonym ous to  “ benzenoid” , can only be m aintained w ith d ifficu lty . A t the 
sam e tim e, in  preparative practice, a certain reactiv ity  is still expected as a criterion of 
arom atic character. This problem  also involves d ifficu lties in  didactics.

A ttem pts have been m ade in the present book to clarify these contradictions, or appa
rent contradictions, and in the opinion of the reviewer, this endeavour has been successful.

In Chapter 1 (38 pages) a brief historical survey is g iven , follow ed by a rev iew  o f the 
physical-chem ical m ethods su itab le for the determ ination o f the structure o f  benzene, 
the applicability  o f wave m echanics, benzenoid polycyclic  com pounds, and fin a lly  arom atic 
heterocycles. A t the end o f the Chapter an attem pt is m ade to define the concept o f  arom aticity .

In the subsequent Chapters the consequences o f th is defin ition  are taken one after the
other.

In Chapter 2 (32 pages) the problem s o f bond length , resonance energy and electronic  
absorption spectra are discussed. The sam e Chapter deals w ith  induced ring currents, a topic 
which has recently given rise to m uch dispute in connection  w ith  arom atic character, and 
w hich is experienced m ost d istin ctly  in the NMR spectroscopic analysis o f arom atic com pounds.

Chapter 3 (39 pages) is concerned w ith non-benzenoid hydrocarbons. On basis o f the 
well-known H ückel rule, the 2 л-, 4 л -, 6л -, 8л-, Юл-, 12л-, 14л-, 16л-, 18л-, 20л -, 24л -, and 
30л- electron system s are dealt w ith  one by one. The Chapter is concluded w ith an evaluation  
of the H ückel rule.

The last Chapter, Chapter 4 (15 pages) is devoted to som e more com plex system s, such 
as fu lvenes, fulvalenes, m etallocenes, etc., giving a short survey again.

The get-up of the book and the typographical im plem entation  of the form ulas are good.
The lucid presentation and discussion of the subject-m atter makes the book highly  

recoinm endable both to beginners and advanced workers in organic chem istry.

C s .  SzÁNTAY

К .  K ü h n e : Z u r K e n n tn is  silikatischer W erkstoffe und  der Technologie ihrer 
H erstellung im  2. Ja h rh u n d ert vor unserer Zeitrechnung.

Akadem ischer Verlag, 1969. 46 Seiten , 6 Abb., 20 Qu.

Im  Rahm en der Abhandlungen der Deutschen Akadem ie der W issenschaften zu Berlin, 
Jahrgang 1969, erschien eine M onographie, die seitens der Archeologen und der G lasexperten  
besondere Beachtung verdient. Sie zeigt den Archeologen, wie uns die zeitgem äße G laskunde 
Aufschlüsse über technische K enntn isse  in einer vergangenen Zeit geben kann, während die
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F o r s c h e r  d er  G la s in d u s tr ie  e in  B e is p ie l  d a fü r  k e n n e n  le r n e n , w ie  d er  G la s fa c h m a n n  e in e  
a r c h e o lo g is c h e  F ra g e  lö s e n  k a n n .  I n  d ie se r  H in s ic h t  i s t  d ie  K Ü H N E sch e A r b e it  b e is p ie lh a f t .

D ie  M o n o g ra p h ie  b e f a ß t  s ic h  m it  der F r a g e  d e r  E r z e u g u n g  s i l ik a t is c h e r  W e r k s to ffe  
im  2 . J a h r h u n d e r t  v .  u . Z . D ie  u n te r s u c h te n  F u n d s t ü c k e  s ta m m e n  a u s  T e ll- e l-A m a r n a ;  sie  
s in d  v o n  d er  D e u ts c h e n  O r ie n t g e s e l l s c h a f t  in  d en  z w a n z ig e r  J a h r e n  a u s g e g r a b e n  w o r d e n  u n d  
w e r d e n  —  g e te i l t  z w is c h e n  Ä g y p t e n  u n d  D e u ts c h la n d  —  in  d e n  M u seen  v o n  K a ir o  u n d  B e r lin  
a u f b e w a h r t .

I n  d er  b e h a n d e lte n  Z e it  w u r d e n  ä g y p tis c h e  F a y e n c e n  u n d  G lä ser  e r z e u g t .  B e id e  s ta m m e n  
a u s  d e r  Z e it  u m  135 8  1 3 4 7  v .  u .  Z . D ie  ä g y p tis c h e n  F a y e n c e n  w er d e n  v o m  V e r fa s s e r  K ie s e l 
k e r a m ik e n  g e n a n n t, w a s  d a m i t  b e g r ü n d e t  w ird , d a ß  s ie  9 0 ,9 5 %  K ie s e ls ä u r e  e n t h a lt e n .

I m  er s te n  A b s c h n it t  w ir d  k u r z  d ie  G e s c h ic h te  Ä g y p t e n s  g e s c h ild e r t ,  in s b e s o n d e r e  d ie  
d e r  A m a r n a -E p o c h e , a u s  w e lc h e r  d ie  b e h a n d e lte n  F u n d e  s ta m m e n . D ie s e n  A b s c h n it t  h a t  
S t .  W e n ig , e in  e r fa h r e n e r  Ä g y p t o lo g e  g e sc h r ie b e n .

D e r  z w e ite  A b s c h n i t t  b e h a n d e lt  d ie  A u s g r a b u n g e n  d er  D e u ts c h e n  O r ie n tg e s e l ls c h a f t  
in  T e ll - e l-A m a r n a . M it  d e n  K ie s e lk e r a m ik e n  b e fa ß t  s ic h  d e r  d r it te  A b s c h n i t t .  A u s  d ise m  
S t o f f  w u r d e n  A m u le t t e ,  P la t t e n  m i t  r e lie fa r t ig e n  D a r s t e l lu n g e n ,  S c h m u c k s tü c k e , R in g e , G e fä ß e  
h e r g e s t e l l t .  D ie  G r u n d s u b s ta n z  w a r  fe in  g e m a h le n e r  Q u a r z , d er  m it  e in e r  G la su r  ü b e r z o g e n  
w u r d e .  A u f  G ru n d  m ik r o s k o p is c h e r  U n t e r s u c h u n g e n  v o n  D ü n n s c h lif fe n  u n d  q u a l i ta t iv e r  
S p e k t r a la n a ly s e  k o n n te  a u c h  d ie  Z u s a m m e n s e tz u n g  d e r  G la s u r  f e s t g e s t e l l t  w e r d e n . D ie  F o r m 
g e b u n g  u n d  V e r a r b e itu n g  d e r  K ie se lk e r a m ik e n  i t s  d e r  d e s  G la se s  g e g e n ü b e r  se h r  e in fa c h ,  
w e s h a lb  d ie  sc h o n  in  v o r d y n a s t i s c h e n  Z e iten  h e r g e s t e l l t e n  K ie s e lk e r a m ik e n  e r s t  se h r  v ie l  
s p ä t e r  —  in  der Z e it d er  1 8 . D y n a s t i e ,  u m  1450 v .  u . Z . —  d u r c h  d a s  G la s  v e r d r ä n g t  w o rd en  
s in d .

D e r  v ie r te  A b s c h n i t t  f a ß t  d ie  an  d en  G lä se r n  a u s  T e ll- e l-A m a r n a  d u r c h g e fü h r te n  
U n t e r s u c h u n g e n  z u s a m m e n . D ie  c h e m is c h e  A n a ly s e  w u r d e  a u f  s p e k tr o s k o p is c h e m  W e g  a u s g e 
f ü h r t .  A ls  e in  in te r e s s a n te s  E r g e b n is  h a t  sich  h e r a u s g e s t e l l t ,  d a ß  d ie se  G lä se r  K o b a lto x y d  
b is  0 ,1 3 %  e n th a lte n , o b w o h l in  ä g y p t is c h e n  G lä sern  K o b a l t o x y d  s o n s t  n ic h t  g e f u n d e n  w u r d e . 
D e r  V e r fa s s e r  v e r m u te t  d a h e r ,  d a ß  d ie  zu r D e k o r a t io n  v e r w e n d e t e n  S tä b e  n i c h t  in  T e ll-e l-  
A m a r n a  g e s c h m o lz e n  w u r d e n , s o n d e r n  au s V o r d e r a s ie n  e in g e f ü h r t  w o r d e n  s in d . D ie  b la u e n  
F a r b e n  w u rd en  m it  K u p f e r o x y d u l  u n d  K o b a lto x y d ,  d ie  b r a u n e n  m in t  E is e n o x y d ,  d ie  g e lb e n  
m i t  A n t im o n o x y d , d ie  g r ü n e n  m i t  e in e r  M isch u n g  a u s  g e lb e n  u n d  b la u e n  G lä se r n , d ie  zw ei 
r o t e n  m i t  K u p fe r o x y d u l u n d  Z in n o x y d  g e fä rb t. D ie  E r z e u g u n g  der G lä se r  w u r d e  a u f  zw e i  
W e g e n  a u sg e fü h r t  u n d  z w a r  m i t  d e r  S a n d k e r n g e fä ß h e r s te llu n g  u n d  m it  d e m  W ic k e l  v e r fa h r e n . 
B e id e  V er fa h r e n  k o n n te n  g e t r e u  r e p r o d u z ie r t  w e r d e n .

D ie  M o n o rg a p h ie  v e r m i t t e l t  u n s  n e u e  K e n n tn is s e  ü b e r  d en  S ta n d  d e s  W is s e n s  u n d  der  
T e c h n ik  d er  a lten  ä g y p t i s c h e n  K u ltu r .  S ie  is t  b e m e r k e n s w e r t  u . a . w e il s ie  b e w e is t ,  d a ß  e in e  
e n g e  Z u s a m m e n a r b e it  z w is c h e n  A r c h e o lo g e n  u n d  G la s f a c h le u te n  ä u ß e r s t  f r u c h tb a r  se in  k a n n .

O .  K n a p p

H . K a n g r o : Joachim  J u n g i u s ’ Experimente u n d  Gedanken zur Begründung  
der Chemie als W issenschaft .

F r a n z  S te in e r  V er la g , W ie s b a d e n  1 9 6 8 , 47 6  S.

W e r k e  der C h e m ie g e s c h ic h t e  w erd en  in  u n s e r e m  J a h r h u n d e r t  n u r  se h r  s e l t e n  m it  so  
a u s f ü h r l ic h e m  w is s e n s c h a f t l ic h e m  A p p a r a t  v e r s e h e n , w ie  d a s  v o n  H a n s  K a n g r o . D ie  b e id en  
H a u p t t e i l e :  I. J u n g iu s ’ F o r s c h u n g e n  zu r C h em ie u n d  11. J u n g i u s ’ G e d a n k e n , d e n  z e i t g e n ö s s i 
s c h e n  A n s c h a u u n g e n  g e g e n ü b e r g e s t e l l t ,  m a ch en  e in e n  U m f a n g  v o n  251  S e it e n  a u s . D a s  ü b r ig e  
i s t  d e r  A p p a r a t . O r ig in a l t e x t e  in  la te in is c h  u n d  ih r e  Ü b e r s e tz u n g e n ,  L e b e n s lä u fe  d e r  z it ie r te n  
A u t o r e n ,  Z e it ta fe l , L i t e r a tu r , in  3 5  B ild ta fe ln  d ie  P h o t o k o p ie n  s ä m t l ic h e r  W e r k e  v o n  J u n 
g i u s  u n d  R eg is ter .

D ie  m e is te n  N a t io n e n  h a b e n  ih re  » v erg essen en «  W is s e n s c h a f t le r ,  d e r e n  V e r d ie n s te  u n g e -  
w ü r d ig t  g eb lieb en  s in d . V o n  s p ä t e n  N a c h fa h r e n  e n t d e c k t ,  w ird  ih n e n  d a n n  A n e r k e n n u n g  
g e z o l l t ,  m a n  v e r s u c h t  d a n n  a b e r  a u c h  v ie lfa c h  zu  g r o ß e  V e r d ie n s te  zu  e n t d e c k e n  u n d  ih n e n  
e in e  R o l le  z u z u sc h r e ib e n , d ie  w e i t  ü b e r tr ie b e n  is t . S ic h e r l ic h  f in d e n  s ic h  in  v e r g e s s e n e n  S c h r if 
t e n  o f t  u n b e a c h te t  g e b l ie b e n e  w e r t v o l le  G e d a n k en ; w a h r  i s t  a b er  a u c h , d a ß  G e d a n k e n , d ie  zu  
ih r e r  Z e it  o h n e  W ir k u n g  w a r e n ,  f ü r  d ie  E n tw ic k lu n g  d e r  W is s e n s c h a f t  a u c h  n ie  v o n  b e so n d e r e r  
B e d e u t u n g  g e w e se n  s in d .

Acta Chim. Acad. Sei. Hung. 63, 1970
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M ir se lb s t  s c h ie n  e s  s c h o n  la n g e , d a ß  J u N G i U S  d ie s e  v e r g e s s e n e  G e s ta lt  in  d er  d e u t s c h e n  
C h e m ie  se i. V ie le  A n d e u tu n g e n  lie ß e n  d a s  d u r c h b lic k e n ;  m a n  la s  z .B . ,  B oyle  h ä t t e  v ie le  
se in e r  Id e e n , so  d e n  E le m e n t b e g r i f f  o d e r  d ie  D e f in i t io n  d e r  c h e m is c h e n  A n a ly s e  v o n  J u n g iu s  
g e s c h ö p f t .  D e s h a lb  h a t  e s  m ic h  b e so n d e r s  g e fr e u t ,  n u n  s e h e n  z u  k ö n n e n , w a s J u ng iu s  e ig e n t l ic h  
g e s c h a f f e n  h a t .

Ic h  b in  d a b e i z u  d er  Ü b e r z e u g u n g  g e la n g t ,  d a ß  s ic h  Bo y l e  J u n g iu s ’ I d e e n  n ic h t  e in m a l  
in  ih ren  K e im e n  e n t l ie h e n  h a t .  D ie s  w ä r e  a u c h  sc h w e r  m ö g l ic h  g e w e s e n , z u m a l d ie  W e r k e  v o n  
J u n g iu s  d er  z w a r  v o r  B o yle  g e le b t  h a t  a lle  e r s t  n a c h  s e in e m  T o d e  e r s c h ie n e n  s in d ,  
s e in e  D o x o s c o p ie  z . B .  e in  J a h r  n a c h  Boyles  S c e p t ic a l  C h y m is t .  A u c h  lä ß t  s ic h  B oyles  
k la rer  S til n ic h t  m it  J u n g i u s ’ s c h w e r fä ll ig e r  u n d  k o m p liz ie r t e r  A u s d r u c k s w e is e  v e r g le ic h e n .  
A u c h  K angro  g e la n g t  in  se in e r  S c h lu ß b e tr a c h tu n g  zu  d e r  F o lg e r u n g , d a ß  z w is c h e n  d e m  E le -  
m e n te n b e g r if f  v o n  J u n g iu s  u n d  d em  v o n  B o yle  —  im  G e g e n s a tz  zu  z a h lr e ic h e n  B e h a u p t u n 
g e n  —  g ro ß e  U n t e r s c h ie d e  zu  e r k e n n e n  s in d . D a ra n  ä n d e r t  m e in e s  E r a c h te n s  a u c h  d ie  M ö g 
l ic h k e i t  n ic h ts ,  d a ß  B o y l e  ü b e r  H a r t l ie b  e in ig e  D is p u t a t io n e s  v o n  J u ngius  v ie l l e ic h t  d o c h  
k e n n e n  lern en  k o n n te .  M ir s e lb s t  s c h e in t  a u c h  d ie  A t o m le h r e  v o n  J ung iu s  n ic h t  v o n  b e s o n d e 
rer  B e d e u tu n g  g e w e s e n  zu  se in , w en n  ic h  s ie  z. B . m i t  d e r  L e h r e  Se n n e r t s  v e r g le ic h e .  
M it d en  ü b r ig e n  —  b e s o n d e r s  d er  v o n  G a s s e n d i  u n d  B o y l e  —  v e r g lic h e n  w a r  S e n n e r t s  
A to m le h r e  v ie l l e ic h t  d ie  » c h e m isc h e s te «  j e n e s  J a h r h u n d e r ts .

D a m it  so ll n a tü r l ic h  n ic h t  b e h a u p te t  w e r d e n , J u n g iu s  se i n ic h t  e in  w e r tv o l le r  D e n k e r  
se in e r  Z e it g e w e s e n . O b  er a u c h  e x p e r im e n te ll  t ä t ig  w a r , i s t  z ie m lic h  u n k la r  g e b lie b e n ;  m a n  
h a t  e h er  d en  E in d r u c k , er h ä t t e  s ic h  le d ig l ic h  a u f  d ie  A u s le g u n g  v o n  V e r s u c h s e r g e b n is s e n  
b e s c h r ä n k t , w a s  er a b e r  o f t  b esser  t a t  a ls  d er  E x p e r im e n t a to r  s e lb s t .

K angro  z i t ie r t  w e n ig  u n d  g ib t  J u n g i u s ’ D a r s te l lu n g e n  m e is t  m it  s e in e n  e ig e n e n  
W o r te n  w ie d e r . O b  a b e r  S ä tz e ,  w ie  z. B . » E le m e n te  s in d  n ic h t  in  e in a n d e r  ü b e r fü h r b a r  u n d  
a u s  ih n e n  a ls e r s te n  B e s t a n d t e i le n  i s t  e in  N a tu r k ö r p e r  a u fg e b a u t«  u s w .,  n ic h t  m eh r  a u s s a g e n ,  
a ls  J u ngius  s e lb s t  a u s g e d r ü c k t  h a t t e ,  se i d a h in g e s t e l l t .  I n t e r e s s a n t  i s t ,  d a ß  J u n g iu s  d a s  
W o r t » a n a ly se s«  s c h o n  im  h e u t ig e n  S in n e  d er  c h e m is c h e n  A n a ly s e  g e b r a u c h t  h a b e n  s o l l .  A b e r  
a u c h  d a r in  is t  ih m  B o y l e  z u m in d e s t  in  D r u c k  z u v o r g e k o m m e n .

D a s  b e s p r o c h e n e  B u c h  lä ß t  e in  im p o n ie r e n d e s  W is s e n  u n d  sein* e in g e h e n d e  c h e m is c h e ,  
p h ilo s o p h is c h e  u n d  li te r a r is c h e  K e n n tn is s e  se in e s  V e r fa s s e r s  e r k e n n e n . E r  k e n n t  s ic h  in  d er  
L ite r a tu r  d es  17. J a h r h u n d e r t s  a u s , w ie  m a n  s ic h  im  e ig e n e n  B ü c h e r sc h r a n k  a u s k e n n t .  B e i  
d e r  F ü lle  d er  d e t a i l l ie r t e n  B e s p r e c h u n g  v o n  J u n g iu s ’ D a r le g u n g e n , bei d e n  B e m e r k u n g e n ,  
L ite r a tu r h in w e is e n  u s w . e n tb e h r t  m a n  j e d o c h  e in e  e ig e n t l ic h e  Z u s a m m e n fa s s u n g  d e s  W e s e n t 
l ic h e n . D ie  S c h lu ß b e t r a c h t u n g  v e r fe h lt  d ie s e s  Z ie l, s ie  g ib t  u n s  k e in  g e n ü g e n d  k o m p r im ie r te s  
u n d  k r it is c h e s  B ild  v o n  J u n g iu s ’ S c h a ffe n . A u c h  d ie  P e r s ö n l ic h k e i t  v o n  J u n g iu s  h a b e  ich  
v e r m iß t .  D er  A u to r  h a t  s ie  b e w u ß t  w e g g e la s s e n . F ü r  m ic h  is t  e s  a b er  im m e r  u n v o l l s t ä n d ig ,  
w e n n  m a n  n u r  v o n  S c h r i f te n  a u s g e h t  u n d  P e r s ö n lic h k e it  u n d  U m s t ä n d e  ih re s  V e r fa s s e r s  g a n z  
a u ß e r  A c h t  lä ß t.

M it m ü h s a m e r  A r b e it  h a t  K angro  d er  C h e m ie g e s c h ic h te  e in  Q u e lle n w e r k  v o n  b le ib e n 
d e m  W e r t  g e s c h e n k t . S e in  S t i l  is t  a b er  k e in  le ic h te r . Ih n  z u  le s e n  m a c h t  s ta r k e s  K o n z e n tr ie r e n  
n o tw e n d ig .

F .  S z a b a d v a H Y

Quantitative Paper and  Th in-Layer Chromatography.  E d ite d  by  E . J .  S h e lla rd .

A c a d e m ie  P r e ss , L o n d o n  a n d  N e w  Y o r k , 1 9 6 8 , 140 p a g e s

T h e  b o o k  c o n s i s t s  o f  e le v e n  le c tu r e s  h e ld  b y  in v i t e d  s p e a k e r s  a t  a S y m p o s iu m  o n  t h e  
t i t le  to p ic s  in  th e  C h e lse a  C o lleg e  o f  S c ie n c e  a n d  T e c h n o lo g y ,  L o n d o n , J a n u a r y  3 — 4 , 1 9 6 8 .  
A  d e ta ile d  a n a ly s is  o f  p o s s ib le  so u r c e s  o f  error  in  th e  a p p l ic a t io n  o f  p ro ced u res  d e s c r ib e d  in  
t h e  lite r a tu r e  is g iv e n .  O n  t h e  b a s is  o f  c o n tr o l  e x a m in a t io n s ,  a s w e ll as l ite r a r y  d a t a ,  th e  
a u th o r s  p r o v id e  n u m e r ic a l  v a lu e s  for t h e  e x p e c t e d  p r e c is io n  o f  t h e  p r in c ip le s  in v o lv e d  a n d  th e  
a p p a r a tu s e s  u se d  in  t h e  m e a s u r e m e n ts ,  t h u s  for  th e  a c c u r a c y  o f  th e  r e s u lts . In  t h is  w a y ,  th e  
r ea d er  is s u p p lie d  w it h  in s tr u c t io n s  fo r  t h e  s o lu t io n  o f  h is  o w n  m ic r o a n a ly t ic a l  p r o b le m s , in  
t h e  s e le c t io n  o f  b o th  t h e  s u ita b le  m e th o d  a n d  th e  a p p a r a tu s .

T h e  t i t le s  o f  t h e  e le v e n  C h a p te rs  a re : 1. F a c to r s  I n v o lv e d  in  P r o d u c in g  U n ifo r m  S p o ts .  
2 . Q u a n t ita t io n  o f  P a p e r  C h r o m a to g r a m s . 3. Q u a n t i t a t iv e  T h in - L a y e r  C h r o m a to g r a p h y  u s in g  
E lu t io n  T e c h n iq u e s . 4 . Q u a n t i t a t iv e  T h in - L a y e r  C h r o m a to g r a p h y  u s in g  D e n s it o m e tr y .  5 .

8 Acta Chim. Acad. Sei. Hung. 63, 1970
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Q u a n tita tiv e  Thin-Layer Chrom atography using F luorim etry. 6. A dvantages and Problem s 
o f D ir ec t Spectrophotom etry on T hin-L ayer Chrom atogram s. 7. The A pplication o f  Spectros
co p y  to  Thin-Layer Chrom atography. 8. The Visual A ssessm ent of Thin-Layer Chromatograms. 
9. Q u a n tita tiv e  Scanning o f R ad ioactive  Thin-L ayer Chromatograms. 10. B idim ensional 
R adiochrom atogram  Scanning. 11. The E valuation  of Radiochrom atogram s using a Spark 
Cham ber.

E a ch  chapter is provided w ith  references to periodicals and books. T he titles 
o f th e  chapters show th at the reader will find valuable inform ation in the book, covering  
the w h ole  field  of the selected  subject.

T he book is an ind ispensable collection o f experiences and a source o f consu ltative  
in fo rm a tio n  to chemists and engineers interested in qu antita tive  paper and th in-layer chrom a
tog ra p h y .

P .  B i t e

A cta  Chim . Acad. Sei. Hung. 63, 1970
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A C T A  C H I M I C A

T O M  6 3  —  В Ы П . 1

Р Е З Ю М Е

Параметры Мёссбауэра для гидратов солей железа (II)

А . В Е Р Т Е Ш ,  Т .  С Е К Е Й  и  Т .  Т А Р Н О Ц И

Изучались параметры Мёссбауэра для хлоридов и сульфатов железа(П) с различ
ным содержанием кристаллической воды. Было установлено, что с увеличением содер
жания воды связь железо-вода все более и более определяет изомерный сдвиг и величины 
квадрупольного расщепления; так например, нефелоауксетическое влияние хлора, уста
новленное в FeCÛ, почти полностью экранируется в РеС12 • 4 H /) молекулами Н20 . Изу
чалось термическое поведение FeS04 • 4Н20 , на основе чего было установлено, что в 
присутствии воздуха данное вещество окисляется при 200° С до основного сульфата 
железа с антиферромагнитным поведением при —80° С.

Изучение гидратационных и сольватационных условий растворов солей 
железа (II) с помощью эффекта Мёссбауэра

А . В Е Р Т Е Ш

Приводятся спектры Мессбауэра замороженных растворов солей железа(П). В 
двух- и трехкомпонентных растворах изменение концентрации отдельных компонентов 
приводит к изменению квадрупольного расщепления, что, по нашему мнению, может 
быть связано с превращениями, протекающими в гидратной или сольватной оболочках. 
В отдельных случаях появляются два различных (суперпонированных) спектра. Это 
указывает на то, что в данном растворе находятся две различные гидратные и сольватные 
оболочки, в равновесии друг с другом.

На основе вышесказанного может быть установлено, что эффект Мёссбауэра явля
ется методом, пригодным для изучения гидратационных и сольватационных условий 
растворов, содержащих атомы Мёссбауэра.

Спектроскопия диффузионных рассеиваюших систем, I
Зависимость оптических данных от количества вещества в образце

Е .  Х У С А Р

В работе обсуждаются зависимости между количеством вещества в рассеивающем 
образце и оптическими (измеренными) данными.

Рассеивающие образцы на бумажной основе — в разработанных, определенных 
условиях измерений — можно рассматривать как «квази-гомогенные».

Изучались параллельности, наблюдаемые в зависимости величин ремиссии и транс
миссии от количества вещества. Были установлены: зависимость «А»; «критические коли
чества», а также характеристики их формы и содержания; а также характерный опти
ческий параметр для образцов, содержащих больше, чем критическое количество, — 
величина Ат.

Изучались пределы справедливости зависимостей.



Расчет электронной структуры потенциальных антикарциногенов — 
нуклеотидных оснований антиметаболитного типа, II

Монозамещенные пурины, аденины и гуанины 
Я . л а д и к  и г. БИ Ц О

тг-Электронная структура различных монозамещенных муринов, аденинов и гуани
нов рассчитывалась с помощью полуэмпирического метода ССП Л К АО МО. Заместители 
были теми же, что и в предыдущем сообщении.

Кажется вероятным наличие таких же корреляций между плотностями заряда 
изученных веществ и их антикарциногенными свойствами и для данных веществ, как в 
случае соединений, описанных в предыдущем сообщении. Для уточнения и обобщения 
корреляций необходимо определение дальнейших квантово-химических индексов.

Потенциальные кривые и кривые электронной энергии изоэлектронных
молекул

III. C ÊK E, Ж . ВАЙНА и Д ь. ЯЛШ ОВСКИЙ

Рассчитывались потенциальные кривые изоэлектронных двухатомных молекул с 
помощью комбинированного метода с использованием пригонки параметров. Приводятся 
рассчитанные таким образом кривые электронной энергии и электронные силовые постоян
ные изоэлектронных молекул.

Многослойная адсорбция смеси жидкостей, I
й. тот

Обобщение однослойной модели адсорбции смеси жидкостей приводит к противо
речиям. Так, в случае многих линейных изотерм Г-х, для которых возможность точного 
измерения удельной поверхности адсорбента указывает на однослойную адсорбцию, 
свойства, определяемые строением жидкости (ассоциирующая способность, водородные 
мостики и т. д.) должны обусловливать многослойную адсорбцию. Помимо этого, в случае 
линейных изотерм может быть рассчитана многослойная и «осциллирующая» зависимость 
свободной энергии, интерпретация которой невозможна. Эти противоречия могут быть 
разрешены, если полагать, что отдельные мономолекулярные адсорбированные количества 
Г1( Г2 под влиянием поверхностных сил, обусловленных структурными возможностями, 
смешиваются с одним (или возможно с несколькими) молекулярным слоем внутренней 
фазы. Образуется такая многослойная поверхностная фаза, в которой избыток вещества, 
определяемый экспериментально, таков же, как и в случае однослойной адсорбции. 
Такая многослойная адсорбция может быть описана совершенно точными уравнениями 
материального баланса.

Хидантоины, тиохидантоины и гликоциамидины, XXVIII
Реакция катиона 3-метил-2,5-бис(метилтио)-4,4-дифенил-4Н-нимидазоль-3-иума с бен-

зиламином
К . Л Е М П Е РТ , П. ШОХАР и К- ЗАУЭР

Под влиянием хлористого бензиламмония в пиридине катион 3-метил-2,5-бис(ме- 
тилтио)-4,4-дифенил-4Н-импдазоль-3-иума (1) превращается в два различных продукта. 
Главным продуктом является 2-бензилимино-1-метил-5,5-дифенил-4-имидазолидинтион 
(5) образовавшийся путем бензиламинолиз и с дальнейшим s-деметилирования через 
образование 3-она, а в качестве побочного продукта образуется гидрохлористый 2,4-ди 
(бензилимино)-1-метил-5,5-дифенилимидазолидин (8). В процессе образования 5 s-деме- 
тилирование вызвано пиридином. Для некоторых из полученных соединений (2—5) 
снимались ИК и ЯМР спектры, на основе которых делались заключения относительно их 
тонкой структуры (электронное распределение, строение таутомеров).



1,5-Дикетоны, V
Каталитические реакции некоторых 2-(1-ацетилпропил)-бензофенонов 

М. Л ЕМ П ЕРТ-Ш РЕЙ ТЕР

Каталитическое восстановление 2-(1-ацетилпропил)-5,4’-диацетокси-4,3’-диметокси- 
бензофенона (1) приводит к образованию слабого молекулярного соединения между 
2-(1-ацетилпропил)-5,4’-диацетокси-4,3’-диметокси-дифенилметаном (2) и 2-(1-этил-2-гид- 
роксипропил)-5,4’-диацетокси-4,3’-диметоксп-дифенинилметаном (5), с соотношением ком
понентов 1 : 1 .  Другие 2-(1-ацетилпропил)-бензофеноны (6 и 15) в подобных условиях 
дают продукты восстановления, аналогичные исключительно соединению 2.

В реакции превращения 1 в 3, соединение 2 не является промежуточным продуктом, 
т. к. в процессе превращения вначале восстанавливается алифатическая кетокарбониль- 
ная группа соединения 1, и лишь за этим следует восстановление ароматического кетон- 
карбонила соединения 14 до метиленовой группы.
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THE STUDY OF SOLVATATION OF IRON(II)CHLORIDE 
WITH THE AID OF THE MÖSSBAUER EFFECT

K.  B u r g e r * ,  A.  V é r t e s * * ,  a n d  I .  N.  C z a k ó **

(* Institu te fo r  Inorganic and A nalytical Chem istry, E ötvös L oránd University, B udapest,
**Institu te o f  P hysical Chemistry and Radiology, Eötvös L oránd University, B udapest)

R eceived Ju ly  22, 1968

The M össbauer parameters o f  the frozen so lu tion s o f  FeCl2, F e S 0 4 and  
FeClj • 4H 20 ,  d issolved in various so lvents, were m easured . On the basis o f m easure
m ents carried o u t a t liquid air tem perature, it  could  be established that M össbauer  
param eters can give valuable inform ation on th e  structure and com position o f  th e  
solvate sheaths.

M össbauer in v es tig a tio n s  in  frozen  so lu tio n s  [1, 2, 3] ra ise d  th e  
possib ility  t h a t  th e  M össbauer sp e c tru m  o f v a r io u s  frozen so lu tions m a y  
also fu rn ish  in fo rm a tio n  on th e  species in  th e  o rig in a l so lu tion , besides t h a t  
o f th e  frozen one [4]. M össbauer sp e c tra  a re  h o p e d  to  yield in fo rm a tio n s  
concern ing  ion  so lv a tio n  p h en o m en a , i f  a ra p id  freez in g  of a so lu tion  is  r e 
su lted  in  th e  “ freez in g -in ”  o f th e  co rresp o n d in g  e q u ilib r ia . I t  is to  be e x p e c te d , 
th ere fo re , th a t  th e  M össbauer in v e s tig a tio n  o f  co m p lex  equilibria  or s o lv a ta 
tio n  w ill y ield  v a lu a b le  in fo rm atio n s.

T h e  a p p lica tio n  o f th e  m e th o d  is ju s tif ie d  b y  th e  assum ption  t h a t  in  
so lu tions so lid ified  b y  rap id  freezing , th e  co m p o sitio n  o f  th e  im m ed ia te  e n 
v iro n m en t o f th e  d isso lved  ions a n d  m olecules ( th e  in n e r  ligand sphere) w ill 
rem ain  u n ch an g ed . T h e  v a lid ity  o f  th is  la t te r  a s su m p tio n  is no t in flu en ced  b y  
th e  c ircu m stan ce  t h a t  ligand  exchange m a y  p ro ceed  in  th e  solid phase w ith  an  
a lte red  ra te  (ex c lu d in g  n a tu ra lly  th e  p o ss ib ility  t h a t  ligand  exchange h a s  a 
phase effect, t h a t  is to  say , th a t  th e  ra t io  o f th e  e x ch an g e  ra te s  of single c o m p o 
nen ts  in  th e  so lv a te  sh e a th  is d iffe ren t in  th e  l iq u id  an d  th e  solid p h a se ) .

O u r aim  w as th e  s tu d y  o f iro n (I I )  so lv a te s  b y  th e  M össbauer in v e s t i 
g a tion  o f  frozen iro n (I I )  sa lt so lu tio n s, p re p a re d  w ith  various n o n -a q u e o u s  
so lven ts. A h igh  sp in  iro n (II)  sa lt w as chosen  as m odel system , b ecau se  es
pecia lly  one o f  th e  M össbauer p a ra m e te rs  o f  th is  s a lt  viz .  the  q u a d ru p o le  
sp littin g  is a sensib le  in d ic a to r  even  fo r sm all ch an g es  in  th e  electron sy s te m  
o f iron .

O n th e  d isso lu tio n  o f iron  sa lts  in  v a rio u s  so lv e n ts , th e  electron c o n fig 
u ra tio n  o f  iron , a n d  co nsequen tly  i ts  M össbauer sp e c tru m , is d e te rm in ed  b y  
several effects. O u t o f  th ese , tw o a re  fu n d a m e n ta l* : (1) th e  coord ination  o f  th e

* Since in general the M össbauer effect reflects on ly  changes in the inner coord in ation  
sphere o f  iron, the form ation of com plexes o f  outer sphere ty p e , and changes in the structure  
of the solution w hich do not affect the inner coordination sphere, appear only w eakly , or n o t  
at all, in the M össbauer spectrum .
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s o lv e n t  m olecules to  iro n , an d  (2) th e  deg ree  o f  ion-association  b e tw e e n  iro n (I I )  
io n  a n d  th e  p a r t ic u la r  an ion .

T h e  in v e s tig a tio n s  are  rendered  m o re  d iff ic u lt by  th e  fa c t t h a t  a n h y d ro u s  
iro n  sa lts  a re  p o o rly  so lub le  in  m ost o f  th e  o rg an ic  solvents, so t h a t  th e  Möss- 
b a u e r  sp ec tra  o f th e  frozen  so lu tions o f v a r io u s  iro n  salts can be  c o m p a re d  on ly  
in  r a re  cases. M oreover, l i t t le  is know n on  th e  dissociation c o n d itio n s  o f  iron  
s a l ts  in  o rganic  so lv en ts .

A m ong a n h y d ro u s  iro n (II)  sa lts , o n ly  iro n (II)ch lo rid e  w as so lub le  in  all 
th e  so lv en ts  in v e s tig a te d  b y  us (m e th a n o l, p y rid in e , glycol, fo rm a m id e  an d  
d im e th y lfo rm a m id e ). W ith  an hydrous i r o n ( I I )  sulfate c o n ta in in g  iro n  en 
r ic h e d  in  iron-57 , th e  M össbauer in v e s t ig a tio n  of the  so lu tions o f  th is  sa lt 
in  m e th a n o l an d  in  glycol becam e also p o ss ib le . To o b ta in  as m u c h  in fo r
m a tio n  as possib le  from  th e  M össbauer s p e c tra , M össbauer m e a su re m e n ts  
w e re  su p p lem en ted  b y  co n d u c tiv ity  m e a su re m e n ts .

E x p erim en ta l

M össbauer spectra were recorded on the app aratu s described earlier [5]. T he sam ples 
w ere k ep t during the m easurem ents at liquid air tem p erature. Cobalt—57 diffused in to  stainless 
s te e l w as used as M össbauer source.

Chemicals and so lven ts used were of a n a ly tica l purity. Anhydrous iron (II) chloride 
w as prepared from FeCI2 . 4H 20 ,  b y  heating in  v a cu u m  oven at 400 °C.

Anhydrous iron (II) su lfate was prepared from  m etallic iron enriched in  iron—57 to  
80 per cen t, by  d issolv ing it  in the calculated am o u n t o f  sulfuric acid under H 2 atm osphere. 
T h en  th e  solution w as evaporated. The crystal w ater  o f iron(II) sulfate w as rem oved in a 
v a cu u m  oven at 250 °C.

D issolved oxygen  w as expelled from the so lv en ts  b y  bubbling hydrogen gas through  
th em . O xygen could n o t be alw ays com pletely rem oved  from  the solvents b y  hydrogen, and 
therefore, iron(II) was oxidized partly (to 10— 15 per cen t) to iron(III). The M össbauer spectra  
o f  su ch  solutions showed low  in tensity  iron(III) lin es, to o , ( e.g. in the system  form am ide-FeC l2 •
• 4 H aO), and this circum stance lowered the accu racy  o f  the Mössbauer param eters to  + 0 .1  

m m /s, which otherwise could be evaluated w ith in  + 0 .0 5  mm/s.
T he concentration o f  the solutions w ith  resp ect to  FeCl2 and FeCl2 • 4FI20  w as 1 m ole/ 

/1000  g  o f solvent, w hile in  the case of lower so lu b ilities saturated solutions w ere used. The  
concen tration  of iron (II) su lfate solutions was 0 .04  m ole/1000 g of so lvent.

C onductivity w as m easured w ith an a.c. W h eatston e  bridge circuit.
T he Kei values o f  anhydrous iron(II) chloride so lu tion s prepared w ith  variou s so lvents  

and h av in g  a concentration  of 0.1 mole/1000 m l so lu tio n  were determ ined a t 25 °C, where 
«el =  «solution — «solvent; «solution and «solvent being  th e  specific conductivity o f  th e  so lution  
and th e  so lvent, respectively .

R esults an d  d iscu ssio n

I t  is well k n o w n  th a t  an  aqueous s o lu tio n  of iron (II) c h lo rid e  c o n ta in s  
iro n (I I ) -h e x a q u o  io n s a n d  chloride io n s, w h ic h  are no t d ire c tly  lin k e d  [6]. 
H o w e v e r, in  so lv en ts  o f  low er so lv a ta tio n  p o w e r th a n  w ater, th e  ch lo rid e  can 
b e  acco m m o d a ted  in  th e  in n e r co o rd in a tio n  sp h e re  of iro n (II) .

T h e  specific c o n d u c tiv ity  of i ro n ( I l)  ch lo rid e  solutions in  v a r io u s  sol
v e n ts  show s (T able I)  th a t  th e  degree o f  d isso c ia tio n  of iro n (I I )  ch lo rid e  in 
m e th a n o l and  in  fo rm am id e  is su b s ta n tia lly  g re a te r  th an  in p y rid in e , glycol o r  
in  d im e th y lfo rm a m id e .
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Table I

The specific conductivity o f anhydrous iron(II)chloride in various solvents 
(25 °C, co n cen tra tio n : 0.1 mole/1 so lu tion )

Solvent ^solution Q  1 cm 1 ^solvent Û 1 cra 1 xel ß _1 cm-1

M e th a n o l ................... 2.882 • 1 0 - 3 4.341 • IO -6 2.877 • 1 0 -3

P y r id in e ...................... 1.072 • 10-* 2.535 • 10 1.069 • 1 0 -4

E th y len eg ly co l.......... 7.140 ■ 1 0 -" 2.356 ■ 1 0 - 7 7.137 • 1 0 -4

F o rm am id e ................. 3.181 • 1 0 - 3 7.570 • IO -4 2.424 • 10 - 3

D im ethylform arn ide 1.452 • 10 9.233 • 1 0 - ’ 1.442 • IO“ 4

T h u s, acco rd in g  to  c o n d u c tiv ity  m e a su re m e n ts , th e  M össbauer p a r a m 
e te rs  o f iro n (II)  ch lo ride  so lu tions in  m e th a n o l a n d  fo rm am ide o u g h t to  g ive 
a p a tte rn  c h a ra c te r is tic  o f th e  so lv a te  p a re n t  co m p lex , w hile so lu tions in  p y 
rid in e , glycol a n d  d im eth y lfo rm am id e  show  a  p a t te r n  ch a rac te ris tic  o f  m ix ed  
com plexes, c o n ta in in g  also ch lo ride ions b esid es  so lv en t m olecules in  th e  
in n e r c o o rd in a tio n  sphere  of iro n (II) .

E v en  w hen  u s in g  a p re p a ra tio n  en rich ed  in  iron-57 , th e  M ö ssb a u e r  
in v es tig a tio n  o f  an h y d ro u s  iro n (II)  su lfa te  cou ld  be  perfo rm ed  only in  m e th a n o l 
a n d  glycol due  to  th e  low so lu b ility  o f  th is  s a lt  in  o th e r  so lvents.

M össbauer p a ra m e te rs  o f th e  sy s tem s in v e s tig a te d  are shown in T a b le  I I .  
Conclusions to  b e  d ra w n  from  e x p e rim e n ta l d a ta  can  he sum m arized  as fo l
low s:

Table II

The Mössbauer parameters o f frozen iron f II)chloride and iron( I I )  sulfate solutions

Dissolved substance Solvent A E , mm/e d, mm/s

FeC l2 M ethanol 3.50 1.41
FeSO„ M ethanol 3.48 1.39

FeC l, E thy leneg lyco l 3.20 1.20
FeSO j E thyleneglycol 3.06 1.48

FeCl;, • 4 H ,0 M ethanol 3.24 1.48
FeC l, M ethanol -f- w a te r 3.33 1.40
FeC l2 W ater 3.20 1.51

FeC l2 Pyridine 3.52 1.36

FeC lj Form am ide 1.89 1.43
FeCl2 D im ethylform am ide 1.38 0.54

FeC l2 • 4 H 20 Form am ide 2.71 1.41
FeC l, • 4 I I 20 D im ethylform am ide 2.67 1.25

1.31 0.41

1* A c ta  Chim. Acad. Sei. Hung. 63, 197b



1. In  m eth an o l-ice , iro n (I I )  su lfa te  g a v e  a  M össbauer sp e c tru m , c o m p le te 
ly  id e n tic a l  w ith  t h a t  o f  iro n (II)  ch lo ride , w h ile  in  glycol-ice th e  M össbauer 
p a ra m e te rs  o f th e  tw o  sa lts  w ere d iffe ren t. T h u s , in  th e ir  m e th an o lic  so lu tio n s 
b o th  iro n (I I )  salts fo rm ed  iro n (II)  so lv a te  com plexes o f id en tica l co m p o sitio n , 
w h ile  in  glycolic so lu tio n  th e  com position  o f  th e  coo rd ination  sp h ere  o f  iro n (I I )  
d e p e n d s  also on th e  an io n .

O n  com paring  th e  M össbauer p a ra m e te rs  o f  th e  m eth an o l so lv a te  w ith  
th o s e  o f  th e  aq u ocom plex , i t  can be seen t h a t  w ith  th e  f irs t th e  e le c tr ic  fie ld  
g r a d ie n t  a t  th e  iro n  n u c leu s  is h igher th a n  w ith  th e  la tte r . T h is is  co n s is ten t 
w ith  th e  fa c t th a t  m e th a n o l m olecules h a v e  a low er sy m m etry  t h a n  w a te r  
m o lecu les .

2 . W hen  iro n (I I )  ch lo ride  co n ta in in g  c ry s ta l  w ate r (FeCl2 • 4 H 20 )  w as 
d is so lv e d  in  m e th an o l, M össbauer p a ra m e te rs  o b ta in ed  d iffered  s ig n if ic a n tly  
f ro m  th o se  m easu red  fo r an h y d ro u s  i ro n ( I I )  ch lo ride  so lu tion .

T h is  fa c t show s t h a t  in  th e  cou rse  o f  th e  d issolution  o f  th e  s a lt  in  
m e th a n o l th e  so lven t m olecules do n o t d isp la c e  th e  w ater m olecules fro m  th e  
c o o rd in a tio n  sphere o f  th e  iro n (II) .

W h en  a ca lc u la ted  a m o u n t o f w a te r  (4 m olecules o f w a te r  fo r  each 
F e  a to m )  w as added  to  th e  so lu tion  o f a n h y d ro u s  iro n (II)  ch loride in  m e th a n o l, 
th e  fro zen  so lu tion  gave  a f te r  24 hours a s p e c tru m  alm ost id e n tic a l w ith  th a t  
o f  th e  so lu tion  of FeC l2 • 4 H 20  in  a b so lu te  m e th an o l.

T h u s , th e  a ff in ity  o f  w a te r  m olecules fo r  iro n (II)  is s tro n g e r th a n  th a t  
o f  th e  m e th an o l m olecules, so th a t  even u n d e r  th e  given ex trem e  c o n c e n tra tio n  
c o n d itio n s  th e  so lv a ta tio n  equ ilib rium  is sh if te d  in  th e  d irec tio n  o f  th e  fo r
m a tio n  o f  th e  aq uocom plex .

3. O n co m p arin g  th e  isom er sh ift v a lu e  o f  th e  frozen so lu tio n s o f  a n h y 
d ro u s  iro n (I I )  ch lo ride in  p y rid in e , glycol a n d  d im eth y lfo rm am id e  w ith  tho se  
m e a s u re d  in  its  frozen  so lu tions in  w a te r, m e th a n o l and  fo rm am id e , i t  can  be 
seen  t h a t  in  th e  fo rm er so lu tio n s, w here, a cc o rd in g  to  c o n d u c tiv ity  d a ta ,  also 
th e  ch lo rid e  ions a re  p re su m ab ly  b o u n d  in  th e  inner co o rd in a tio n  sp h ere  o f 
ir o n , th e  isom er sh if t v a lu es  are sm aller t h a n  in  th e  case o f th e  l a t t e r  so lu
t io n s ,  in  w hich ch lo ride  ions are n o t lin k e d  to  iro n (II)  (F ig. 1).

T h is  phenom enon  ca n  be in te rp re te d  w ith  th e  n ep h e lau x e tic  e ffec t o f 
c h lo r id e  [7]. I t  is d u e  to  th is  effect t h a t  ch lo rid e  in  th e  in n e r c o o rd in a tio n  
s p h e re  o f  iron  d im in ishes th e  d elec tron  d e n s ity  on iron . B y  d ec rea s in g  th e  
sh ie ld in g  effect o f d  e lec tro n s , i t  increases th e  elec tron  d en sity  a t  th e  nuc leu s. 
T h is  is  reflec ted  in  th e  d im in u tio n  o f th e  iso m e r shift values.

In  case of iro n (I I )  com pounds, th e  n ep h e lau x e tic  e ffec t d im in ishes 
g e n e ra lly  also th e  A E  v a lu e  [7]. H ow ever, th e  sy m m etry -red u c in g  a c tio n  o f  
t h e  ch lo rid e  ion  in  th e  so lv a te  sh ea th  m a y  a c t  in  th e  opposite  d ire c tio n , so 
t h a t  a n  increase in  A E  m a y  occur. D e p e n d in g  on th e  c ircu m stan ce  w h ich  o f 
th e s e  tw o  co u n te rac tin g  effects p re d o m in a te s , th e  value o f q u a d ru p o le  sp lit
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t in g  m ay  be sm aller o r la rg e r th a n  th a t  o f th e  an a lo g o u s so lv a te  w hich does 
n o t co n ta in  ch loride. In  th e  so lu tio n  o f iro n (II)  ch lo rid e  in  glycol A E  == 3 .20, 
w hile in  th e  so lu tio n  o f  iro n (I I )  su lfa te  in  glycol A E  =  3 .06, i.e. q u ad ru p o le  
sp lit t in g  is n o t re d u ced  b y  th e  n ep h e lau x e tic  e ffec t. H o w ev er, isom er sh if t 
v a lu es  (FeCl2 ô =  1.20 a n d  F e S 0 4 d — 1.48) u n e q u iv o c a lly  re flec t th a t  e ffec t.

4. In  th e  g ly co l—FeCl2 • 4 H 20  sy stem , th e  w a te r  m olecules c an n o t be  
d isp laced  from  th e  so lv en t sh e a th  b y  th e  glycol m olecu les, s im ilarly  to  th e  
case o f  th e  m e th an o lic  so lu tio n , w here w a te r  m olecu les a re  n o t rep laced  b y  
m e th a n o l m olecules (here  A E  an d  ô va lues are n e a r  th o se  o b ta in e d  for aqueous
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v (m m /s )

Fig. 1. Mössbauer spectra of the frozen solutions of Fe(II)Cl2 (a) in glycol and (b) in methanol
at liquid air temperature

so lu tions). In d eed , as in  th e  p reced ing  case, th is  is in  acco rd  w ith  th e  fa c t  
th a t  th e  co o rd in a tio n  pow er o f  w a te r  m olecules is  c o n sid e rab ly  g rea te r th a n  
th a t  o f  glycol m olecules (or m e th an o l m olecules).

T he M össbauer p a ra m e te rs  o f  th e  p re c ip ita te  fo rm ed  in  th e  glycol-FeC l2 
sy stem  are  p ra c tic a lly  th e  sam e as th o se  o b ta in e d  fo r th e  so lu tion .

T h e  re la tiv e ly  sm all A E  va lu es  o b ta in ed  fo r  th e  so lu tions of iro n ( I I )  
ch lo ride  in  fo rm am id e  a n d  d im eth y lfo rm am id e , re sp e c tiv e ly , are in d ic a tiv e  
o f th e  fac t th a t  th e  so lv en t sh e a th  co n ta in in g  fo rm am id e  m olecules o r d i
m e th y lfo rm am id e  m olecules increases th e  sy m m e try  o f  th e  e lectron  cloud o f  
th e  c e n tra l iron  a to m  (F ig . 2).

T h e  large d ifference  b e tw een  th e  6 values fo r th e  so lv en ts  fo rm am ide 
an d  d im eth y lfo rm am id e  can  be  in te rp re te d  on  th e  basis  o f  co n d u c tiv ity  
m easu rem en ts  b y  th e  f in d in g  th a t  in  th e  fo rm am id e  so lv a te  no  chloride io n s
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a re  acco m m o d a ted  in  th e  so lv a te  s h e a th  o f  iro n (II) , w hile in  th e  case o f di- 
m e th y lfo rm a m id e  also ch lo ride  ions a re  co o rd ina ted  in  th e  in n e r  coord i
n a t io n  sphere , an d  ow ing to  th e ir  s tro n g  n ephe lauxe tic  e ffec t, in crease  th e  
s e le c tro n  d en sity  a t  th e  c e n tra l iro n  a to m .

F ig . 2 . M össbauer spectra o f the frozen so lu tion s o f Fe(II)C l2 (a) in  form am ide and (b) 
in  dim ethylform am ide a t liquid  air temperature

F ig . 3. M össbauer spectrum  of the frozen so lu tion  o f Fe(II)C l2 • 4 H 20  in  dim ethylform am ide  
(-f- spectrum  m easured; о  com ponents o f the superposed spectrum )

M össbauer p a ra m e te rs  m easu red  in  th e  system s fo rm am id e-F eC l2 • 4H 20  
a n d  d im ethy lfo rm am ide-F eC lg  • 4 H aO show  th a t  w a te r is d isp laced  in  several 
s te p s  from  th e  so lv en t sh e a th  b y  th e se  so lven ts, so th a t  in te rm e d ia te  m ixed 
co m p lex es are  fo rm ed . F o r  ex am p le , in  th e  system  d im e th y lfo rm am id e - 
-F eC l2 • 4 H 20 ,  lines co rresp o n d in g  to  a so lv a te  sh ea th  c o n ta in in g  also w a te r 
( A E  —  2.67 m m /s, ô =  1.25 m m /s) a n d  tho se  co rrespond ing  to  a so lvate  
s h e a th  a lread y  free o f w a te r  ( A E  =  1.31 m m /s, ô =  0.41 m m /s) a p p e a r to 
g e th e r  in  th e  M össbauer sp e c tru m  (F ig . 3).
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INVESTIGATION OF THE SOLVATATION 
OF ANHYDROUS IRON(II)CHLORIDE 

IN METHANOL-FORMAMIDE MIXTURES 
WITH THE AID OF THE MÖSSBAUER EFFECT

A . V é r t e s * ,  К . B u r g e r * *  and M. S u b a *

( * I n s t i t u t e  o f  P h y s i c a l  C h e m i s t r y  a n d  R a d i o l o g y ,  L .  E ö tv ö s  U n i v e r s i t y ,  B u d a p e s t ,  

* * I n s t i t u t e  o f  I n o r g a n i c  a n d  A n a l y t i c a l  C h e m is t r y ,  L .  E ö tv ö s  U n i v e r s i t y ,  B u d a p e s t )

R eceived Novem ber 23, 1968

The M össbauer spectra o f FeCl2, dissolved in  m ethanol—form am ide m ixtures 
o f  various com position were recorded. I t  can be established on th e  basis o f  these  
m easurem ents th a t in these  m ixtures tw o kinds o f  iron(II) so lvates, in equilibrium  
w ith  each other, are form ed.

A lthough  M össbauer effect can  he o bserved  on ly  in  th e  so lid  phase  
D É zsi’s [1] in v es tig a tio n s  disclosed th e  p o ssib ility  for s tu d y in g  liq u id  system s 
as well [2, 3, 4 , 5]. I t  is  to  be  assum ed  th a t  in  equ ilib riu m  sy stem s, in  w h ich  th e  
eq u ilib ria  in  th e  so lu tio n  can  be frozen in  b y  a ra p id  freezing  o f  th e  so lu tio n , 
th e  s tu d y  o f th e  solid so lu tio n  co n ta in in g  a M össbauer a to m  p e rm its  to  d raw  
conclusions on th e  sy s tem  w hich  ex is ted  in  th e  so lu tion . In  v iew  o f  th e  fac t 
t h a t  th e  sh ift o f  com plex  fo rm a tio n  eq u ilib ria , a n d  th u s , th e  e x te n t  o f  sol
v a ta t io n  is accom pan ied  b y  th e  d isp lacem en t o f ions or m olecu les, th e  ra te  
o f  equ ilib riu m  reac tio n s  sh o u ld  be low ered co n sid e rab ly  b y  freezing . P re su m in g  
th a t  so lven ts cooled ra p id ly  to  liq u id  a ir te m p e ra tu re  w ill fo rm  so lid  so lu tio n s, 
th e  s tru c tu re  o f w hich  is  s im ila r to  th a t  o f  th e  orig inal so lu tio n , a n d  is t r a n s 
fo rm ed  o n ly  w ith  tim e  to  a s tru c tu re  c h a ra c te r is tic  o f ice [5], th e  M össbauer 
m e th o d  appears to  be  su ita b le  fo r th e  s tu d y in g  o f so lv a ta tio n  p h en o m en a . 
In  th e  follow ing, we re p o r t  on  th e  ap p lica tio n  o f  th is  te ch n iq u e .

F o r th e  pu rposes o f  th e se  in v e s tig a tio n s , so lv en t m ix tu re s  h a d  to  be 
se lec ted , th e  com ponen ts o f  w hich  con sid erab ly  change th e  M össbauer sp ec tru m  
o f th e  d issolved su b stan ce  [4 ]. T h is p e rm its  to  follow  from  th e  sp e c tru m  o f th e  
so lv en t m ix tu re  on th e  so lv a tes  fo rm ed  in  i t .  As m odel sy stem , th e  so lu tio n s 
o f  iro n  (II)  ch loride in  m e th a n o l-fo rm a m id e  m ix tu re s  o f v a rio u s  com p o sitio n  
w ere chosen. W e p re se n t th e  M össbauer sp e c tra  o f  th e  frozen  so lu tio n s , and  
discuss th e  conclusions, w h ich  can  be d raw n  from  th ese  sp ec tra  on th e  s tru c tu re  
o f  th e  so lu tion .
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Experimental

T h e  m easuring  e q u ip m e n t c o n s tru c ted  by  u s fo r  th e  reco rd in g  o f th e  M össbauer sp ec tra  
h a s  b e en  described ea rlie r [6]. 5 m C i of Co57 iso to p e , d iffu n d ed  in to  s ta in less s teel, o f th e  
m a rk in g  “ CTD 3” , m a n u fa c tu re d  b y  th e  R ad io ch em ica l C en tre  A m ersh am , w as u sed  as 
ra d ia t io n  source.

M easurem ents w ere c a rr ie d  o u t  a t  liqu id  a ir  te m p e ra tu re .
Chem icals used  fo r th e  p re p a ra tio n  of th e  so lu tio n s  w ere o f a n a ly tic a l g rade.
T o  p rev en t th e  o x id a tio n  o f iro n (II), before d isso lu tio n , h y d ro g en  gas w as bub b led  

th ro u g h  th e  so lvents fo r 40 m in u te s .
T h e  co n cen tra tio n  o f  th e  so lu tio n s was 0.7 m ole p e r  1000 g o f so lven t.
I n  each  case, th e  so lu tio n s  w ere  p repared  b y  d isso lv in g  th e  an h y d ro u s  i ro n (I I)  ch loride 

in  th e  so lv en t m ix tu re  p re p a re d  p rev io u sly .

Results and discussion

T h e  M össbauer s p e c tra  o f th e  solid so lu tio n s , o b ta in ed  b y  th e  ra p id  
fre e z in g  o f th e  so lu tio n s o f  iro n (II)  ch loride in  m e th a n o l, in  fo rm am id e , and  
in  th e i r  m ix tu res o f v a r io u s  p ropo rtio n  on  th e  te m p e ra tu re  o f liq u id  a ir , is 
sh o w n  in  Fig. 1. T he m o s t im p o r ta n t  p a ra m e te rs  o f  th ese  sp ec tra  are  su m m a
r iz e d  in  T ab le  I .

I t  can  be seen in  F ig . 1 th a t  th e  d iffe rence  betw een  th e  values o f  th e  
M ö ssb au er q u ad ru p o le  s p li t t in g , A E ,  in  m e th a n o l a n d  in  fo rm am id e  is su f
f ic ie n tly  large to  p e rm it th e  d iffe ren tia tio n  o f  th e  single so lvates in  th e  so lven t 
m ix tu re s . On th e  o th e r  h a n d , th e  isom ere sh if t v a lu e s  (ô) a re  n ea rly  id en tica l. 
A  com parison  of th e se  q u a d ru p o le  sp littin g  v a lu e s  w ith  th a t  o f th e  frozen 
a q u e o u s  iro n (II)  ch lo rid e  so lu tio n  shows t h a t  th e  e lec tric  fie ld  g ra d ie n t a t  
th e  iro n  nucleus is sm alle r in  th e  form am ide so lv a te , w hile la rg e r in  th e  m e th 
a n o l so lv a te  th a n  in  th e  aq u o so lv a te .

T h e  spectra  o f  th e  fro zen  so lu tions p re p a re d  w ith  so lv en t m ix tu re s  
c le a r ly  show  th a t  each  o f  th e m  is a su p e rp o s itio n  o f tw o  sp ec tra  ex h ib itin g  
q u a d ru p o le  sp littin g . T h is  in d ic a te s  u n eq u iv o ca lly  t h a t  tw o d iffe ren t species 
c o n ta in in g  iron  are  p re se n t in  th e  frozen so lu tio n s . T h a t  p a r t  o f th e  sp ec tru m  
w h ic h  exh ib its  a sm alle r q u ad ru p o le  sp littin g , h a s  a A E  v a lue  n e a r  to  th a t  
m e a su re d  in  th e  fo rm am id e  so lu tio n  (see T ab le  I ) . T h erefo re , th is  is p ro b a b ly  a 
lin e  p a ir  arising from  a so lv e n t sh ea th  co n sis tin g  to ta l ly  o r p re d o m in a n tly  o f 
fo rm a m id e  m olecules. T h e  g re a te r  A E  v a lu e  c a n  h e  asso c ia ted  w ith  th e  so lv a te  
s h e a th  b u ilt  up from  m e th a n o l m olecules, since  i t  lies n e a r  th e  A E  v a lu e  
o f  th e  p u re  m e th an o lic  so lu tio n  (Table I).

I t  should be m e n tio n e d  th a t  la rger a n d  sm alle r A E  va lues c a n n o t be 
co n sid e red  as co m p le te ly  id e n tic a l w ith  th e  q u a d ru p o le  sp littin g  v a lu e  A E  =  
=  3 .54  ^  0.05 m m /s o f  th e  so lu tio n  in  p u re  m e th a n o l an d  A E  =  1.89 0.05
m m /s  o f  th e  so lu tion  in  p u re  fo rm am ide. (T he iso m e r sh if t values ô a re , w ith in  
th e  lim its  of e x p e rim e n ta l e rro r, id en tica l fo r  th e  m ix tu re s  a n d  th e  pu re  
so lv e n ts .)  The d ifference in  th e  values of q u a d ru p o le  sp littin g  m easu red  in  th e
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Fig. 1. T he M össbauer spec tra  o f th e  fro ze n  so lu tions o f F eC l2 in  m e th a n o l-fo rm am id e
m ix tu res  o f  va rio u s com position

a) о о S T o f m e th a n o l  +  100.0 w /w %  o f fo rm am id e;

b) 20.04 „ 14  11 +  79.96 „  „
c) 37.60 „ 11  11 +  62.40 ,, ,, ,,
d) 59.00 „ 11  11 +  41.00 „  „
e) 79.50 „ 11  11 +  20.50 „  „

0 100.0 „ 11 11 +  0.0 .......................................................
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C o m p o sitio n  o f  t h e  m ix tu re  
m e th a n o l  -f- fo rm a m id e , 

w /w  p e r  c e n t

M ö ssb au er la ra m e te rs

A E *  m m /s <5* m m /s

0.00 100.00 1.89 1.43

20.04 79.96 2.80
1.45 1.50

37.60 62.40 2.86
1.36 1.45

59.00 41.00 2.92
1.60 1.40

79.50 20.50 3.10
1.55 1.47

100.00 0.00 3.54 1.34

•  A ccuracy of th e  m ea su re m e n ts  + 0 .0 5  mm/s

p u re  so lven ts and  th e  m ix tu re s  m ay  arise fro m  th e  fa c t t h a t  th e  solvent 
s h e a th s  o f  tw o k inds do  n o t  consist exclusively  o f  m e th an o l an d  fo rm am ide 
m o le c u le s , resp ec tiv e ly , h u t  also “ m ixed  so lv a te s”  are  fo rm ed . O n th e  
o th e r  h a n d , th is  deg ree  o f  change in  th e  q u ad ru p o le  sp lit t in g  v alue  m ay  
h e  d u e  to  a difference in  c ry s ta l  s tru c tu re  o f  th e  frozen so lv en t m ix tu re  and  
th e  fro zen  pure m e th a n o l o r  form am ide. T h ese  d ifferences in  th e  cry sta l 
s t r u c tu r e  m ay cause a  s lig h t difference in  th e  sy m m e try  o f  th e  ch arg e  d is tr i
b u t io n  in  th e  e n v iro n m e n t o f  th e  iron  nucleus.

I t  follows from  th e  a fo resa id  th a t  i t  c a n n o t be u n am b ig u o u sly  decided 
o n  th e  basis of th e  M ö ssb a u e r sp ec tra  w h e th e r m ix ed  or p u re  so lv a te  sheaths 
a re  fo rm e d  in  m e th an o l — fo rm am id e  m ix tu re s . H ow ever, i t  c an  be estab lished  
b e y o n d  do u b t th a t  tw o  k in d s  o f so lvate sh e a th s  are  p re sen t.

I t  is n o tew o rth y  t h a t  th e  in ten s ity  o f  th e  lines belong ing  to  th e  sm aller 
A E  v a lu es  of th e  s p e c tra  is  fo r each co m p o sitio n  o f th e  m ix tu re  (even for 
fo rm a m id e  w /w %  >  50) lo w er th a n  th a t  o f  th e  lines b e long ing  to  th e  region 
o f  th e  la rger A E  v a lu es . A ssum ing  th a t  th e  p ro b a b lity  o f reco il-free  abso rp 
t io n  (f) is iden tical fo r  th e  tw o  so lvate  sh e a th s  in  th e  so lv en t m ix tu re , th is  
m e a n s  th a t  th e  re la tiv e  q u a n t i ty  o f th e  so lv a te  be longing  to  th e  la rger A E  
v a lu e  (m ethano l so lv a te ) is  in  each case g re a te r  th a n  th e  re la tiv e  q u a n ti ty  of 
th e  so lv a te  resu lting  a  sm a lle r  A E  value. T h is  is re m a rk a b le  in  v iew  o f th e  
f a c t  t h a t  th e  dipole m o m e n t o f fo rm am ide (fj, =  3.37) is co n sid e rab ly  larger 
t h a n  t h a t  of m e th a n o l (fi =  1 .66) so th a t  fo rm am id e  w ould  be  ex p ec ted  to  
h a v e  a  m ore in ten se  so lv a tin g  effect. O n th e  o th e r  h a n d , th e  oxygen  atom  
o f  m e th a n o l ac tu a lly  can  b e  sonsidered as a s tro n g e r Lew is b ase , th a n  th e  
d o n o r  a to m  o f fo rm am id e , w h ich  is co n sis ten t w ith  th e  p h en o m en o n  observed.
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H ow ever, i t  can  be seen fro m  th e  sp e c tra  th a t  th e  re la tiv e  in te n s i ty  of 
th e  line  p a ir be lo n g in g  to  th e  sm a lle r  A E  v a lu e  d im in ishes w ith  a  d ecreasin g  
fo rm am id e  c o n te n t o f  th e  m ix tu re s . T h is in d ic a te s  an  e q u ilib riu m  b e tw een  
th e  tw o  k inds o f  so lv a te  com plexes.

T h e  sligh t a n tisy m m e try  o f  th e  sp e c tra  p re su m ab ly  arises fro m  th e  fa c t 
t h a t  n o tw ith s ta n d in g  th e  p re tre a tm e n t w ith  h y d ro g en , a sm all p a r t  o f  th e  
iro n ( I I )  chloride ox id izes, and , ow ing  to  th e  su p erp o sitio n  o f th e  lin es  a rising  
from  iro n ( I I I ) ,  th e  in te n s ity  o f th e  lines belong ing  to  sm aller ve lo c itie s  s lig h tly  
increases. H ow ever, th is  c ircu m stan ce  does n o t  in te rfe re  in  th e  e v a lu a tio n  of 
th e  lines o f h ig h er in te n s ity , d u e  to  iro n (II) .

W e tr ie d  to  s tu d y  th e  ab o v e  sy s tem  b y  in fra re d  sp e c tro m e try  a t  room  
te m p e ra tu re . H o w ev er, th e  fo rm a tio n  o f  th e  so lv a te  com plexes d is to r ts  th e  
in f ra re d  sp ec tru m  o f th e  so lvent m olecules on ly  to  such  a sm all e x te n t  t h a t  th is  
ch an g e  could n o t be  observed  in  th e  presence  o f  th e  large excess in  free  so lv en t 
m olecules. O w ing to  th e  re la tiv e ly  po o r so lu b ility  o f iro n (II)  c h lo rid e , th e  
so lu tio n s were 0.7 m olar w ith  re sp e c t to  iro n , so th a t  c o o rd in a te d  so lv en t 
m olecules am o u n te d  to  n o t m ore th a n  10-15 p e r cen t o f th e  to ta l  o f  so lv en t 
m olecules. T herefo re , th e  sm all s h if t  o f  b an d s , ch a rac te ris tic  o f  so lv a te s , w as 
co m p le te ly  m asked  b y  th e  hands o f  th e  free so lv e n t m olecules. T h e  s tre tc h in g  
frequenc ies o f th e  iro n -so lv a te —d o n o r a to m  c o o rd in a te  bond  a p p e a r  a t  such  
low  frequencies , w h ich  m akes th e ir  o b se rv a tio n  a n d  assignem en t im po ssib le .

F u r th e r  re su lts  are  to  be e x p e c te d  from  th e  N M R s tu d y  o f  th e  sy s tem s.
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HALBEMPIRISCHE METHODE ZER ANNÄHERNDEN 
BERECHNUNG DES DAMPF-FLÜSSIGKEIT-GLEICH
GEWICHTES VON BINÄREN ALKOHOL-KOHLEN

WASSERSTOFF-GEMISCHEN *

F . R a t k o v i c s  u n d  L . M É S Z Á R O S

( E le k tr o c h e m is c h e  F o r s c h u n g s g r u p p e  der U n g a r is c h e n  A k a d e m ie  d e r  W is s e n s c h a f te n  b e i d e m  
L e h r s tu h l  f ü r  P h y s ik a l i s c h e  C h e m ie  d er  C h e m is c h - te c h n is c h e n  U n iv e r s i tä t ,  V e s z p r é m )

E ingegangen  a m  5. O k to b e r  1968

E s w ird ein h a lbem pirisches V e rfa h re n  zu r B erech n u n g  der D a m p f-F lü ss ig k e it-  
G le ichgew ich tsda ten  v o n  Gem ischen a u s  A lkoho l u n d  K o h lenw assersto ff b e sch rieb en , 
w obei das G em isch d e r  A lk o h o lk o m p o n en te  des zu  b e rechnenden  G em isches m it  e inem  
a n d e re n  K o h len w asse rsto ff als B ezu g ssy stem  v e rw en d e t w ird . S ind die E ig e n sc h a fte n  
des B ezugsgem isches b e k a n n t, so k ö n n e n  d ie  D am p f-F lü ssig k e it-G le ich g ew ich te  fü r  
sä m tlich e  b inäre  G em ische des A lkohols m it  belieb igen  K ohlenw assersto ffen  b e rec h n e t 
w erd en , wenn der H ild eb ran d sch e  L ö su n g sp a ra m e te r  des K ohlenw assersto ffes b e k a n n t  
is t. D er F eh ler d e r b e rech n eten  G le ich g ew ich tsd a ten  b lieb  in den g e p rü fte n  F ä llen  
u n te rh a lb  +  3 MolN» bzw . +  7 T orr. D a s  V erfah ren  w ird zur B estim m u n g  d e r zu r 
B erech n u n g  von V ie lk o m p o n en ten g em isch en  au s A lkoholen  u n d  K oh len w asse rsto ffen  
n ö tig e n  A u sg an g sd aten  (W ilso n -K o n stan ten  v o n  b in ä re n  G em ischen) em p fo h len .

Z u r B erechnung  des D am pf—F lüssigke it-G le ichgew ich tes v o n  M ehr- 
k o m p o n en ten g em isch en , w elche auch  p o la re  K o m p o n en ten  e n th a lte n , sind  
n u r  M ethoden  b e k a n n t, bei denen als A u sg a n g sd a te n  die K en n tn is  d e r  G le ich
g e w ic h tsd a te n  säm tlich e r m öglichen b in ä re n  G em ische aus den  K o m p o n e n te n  
des M ehrkom ponen tengem isches e rfo rd e rlich  is t  [1]. In  un seren  frü h e re n  
A rb e ite n  [2, 3, 4] w u rd e  d a rü b er b e r ic h te t ,  d aß  das D a m p f-F lü ss ig k e it-  
G le ichgew ich t des Ä th a n o l—K ohlenw assersto ff-G em isches auch  a u f  d e r  B asis 
eines M odells b e rech n e t w erden k a n n , w elches a u f  d er A n n ah m e b e ru h t , 
d aß  das Ä th an o l se lb st ein  ideales b in ä re s  G em isch aus m onom eren  u n d  d i
m eren  A lkoho lm olekü len  is t , w ährend  se in  G em isch m it K o h len w asse rs to ffen  
ein  reg u lä res  te rn ä re s  G em isch  ist. D iese B e re c h n u n g sa r t h a t den  N a c h te il, d a ß  
e in e rse its  die K en n tn is  des A ssozia tionsg le ichgew ich tes des A lkohols e rfo r
d e rlich  i s t ,  u n d  daß  an d e re rse its  — w egen  d e r T ren n u n g  der m o n o m eren  u n d  
d im eren  A lkoholm oleküle  — die in  d e r  B erech n u n g  angew en d eten  M olen
b rü ch e  zah lenm äß ig  v o n  den  M olenbrüchen  im  üblichen  S inne ab w cich en . 
In  d e r  vorliegenden  M itte ilu n g  w ird ü b e r  e in  B erech n u n g sv erfah ren  b e r ic h te t ,  
w elches im  w esentlichen  a u f  dem  e rw ä h n te n  M odell des reg u lä ren  te rn ä re n  
G em isches b e ru h t, die be i seiner A n w en d u n g  a u ftre te n d en  S ch w ierig k e iten  
je d o c h  b ese itig t.
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P rinzip  der M ethode

B eim  re g u lä re n  te rn ä re n  G em isch-M odell z u r  B erechnung  d e r A lkoho l— 
K o h lenw assersto ff-G em ische  w urde die G ü ltig k e it fo lgender Z u sam m en h än g e  
an g en o m m en :

G esam td ru ck  des Gem isches

P  — P a  +  P a a  +  P b - (1)

D ie A sso z ia tio n sg le ich g ew ich tsk o n stan te  des A lkohols is t 
T e m p e ra tu r  ab h än g ig  u n d  b e trä g t

n u r  v o n  d e r

K = X AA . Ya A = k o n g t
X*A Га

(2 )

WO
ln  y A =  ln  y AA =  qX%

u n d
( 3 )

1п Гв =  д(1 - Х в )2 (4)

A E
q = -------

R T
( 5 )

Pi =  P°i X t y t . (6 )

Im  w eite ren  w erd en  fo lgende v e re in fach en d e  A nnahm en  b e n ü tz t :
1) Bei n ied rig en  D ru ck en  is t d er P a r t ia ld ru c k  d er F u g a z itä t  g le ich zu 

se tzen .
2) D er P a r t ia ld ru c k  des d im eren  A lkoho ls k a n n  s te ts  v e rn a c h lä ss ig t 

w erden  [4].
I n  diesem  F a ll k ö n n en  fü r  den  P a r t ia ld ru c k  des A lkohols bzw . des 

K oh lenw assersto ffs  je  zwei G leichungen gesch rieb en  w erden , d ie eine a u f
g ru n d  des reg u lä ren  te rn ä re n  G em ischm odells, d ie  an d ere  au f die üb lich e  A r t:

P a  — P°a  x a  У a  o d e r p 1 — P ^ X l y 1 (?)

Р в  =  Р°в х в У a  o d e r p 2 =  Pg X 2 y 2 ( 8 )

D a P b ~  P i  und  P a  ** P i . is t

P°a x a Ya  =  P°i X i Yi ( 9 )

P°B х в У в  — Ра X 2 У а • (10)
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A us Gl (9) u n d  (10), u n te r  V erw endung  d er Gl. (2), (3) u n d  (4) sow ie au s d er 
v e re in fach en d en  A nnahm e

1 -  X2 -  XA _ 1 -  x 2 
l + x 2 ~  1 +  X2

d. h ., d a ß  in  d e r  F lüssig k e itsp h ase  n u r  geringe M engen von  m onom eren  A lk o 
ho lm o lek ü len  v o rh an d en  s ind  [4], e rgeben  sich  fo lgende Z u sam m enhänge  fü r  
die A k tiv itä tsk o e ffiz ie n ten :

ln y , =  — l n --------- ------------f- 2q Í— —  1* (11)
2 (1 +  A2)Xj H\ l + X t j '

ы * = ы т Ь ; + , [ т т ъ )  (12>
D as e rs te  GHed der re c h te n  S eite  in  Gl. (11) w ird  bei X j =  0 u n e n d lic h ; 

die G le ich u n g  is t  also in  d e r v o rliegenden  F o rm  im  G ebie te  der geringen  W e rte  
von  X t (w egen d er V ernach lässigung  1 — X 2—X A 1 —X 2) u n b ra u c h b a r .
N ä h e r t  s ich  n äm lich  d er W e rt v o n  X 2 dem  W e rt 1, so assoziiert d e r  A lk o h o l 
w egen d e r  h o h en  V erd ü n n u n g  n u r  in  geringem  M aße, folglich is t d ie  V e rn a c h 
lässig u n g  des m onom eren  A lkohols u n b e g rü n d e t. E s  is t  b em erk en sw ert, d a ß  
die K o n s ta n te  q, w elche die W echselw irkung  d er M oleküle c h a ra k te ris ie r t , im  
e rs te n  G lied  d e r  rech ten  S eite  d e r  G le ichungen  n ic h t  e n th a lte n  is t ,  w ä h re n d  
das zw eite  G lied der re c h te n  S eite  v o r allem  v o n  diesem  — die A u s ta u s c h 
energ ie  z lE  e n th a lte n d e n  — W e rt q ab h än g ig  is t . N a c h  d ieser E rk e n n tn is  w u rd e  
u n se re  M eth o d e  a u f  fo lgende B e tra c h tu n g e n  a u fg e b a u t:

1) D ie  U n g en au ig k e it d e r Gl. (11) u n d  (12) w ird  vo r allem  d u rc h  die 
U n g en au ig k e it des die A ssozia tion  b e in h a lte n d e n  Glieds v e ru rsa c h t. D ie 
G le ichung  k a n n  also d an n  g en au er geschrieben  w erd en , w enn diese G lied er 
du rch  d ie  v o rläu fig  u n b ek an n ten  F u n k tio n e n  / ( X 2) bzw . g ( X j) e rse tz t w e rd e n :

ln  Vi = f ( x i)  +  2? ( y q T x 7")2 U 3)

ln У2 =  g(Xt) +  q " Г (14)
. 1 Г -^2 /

2) D ie K o n s ta n te  g =  Д Е /R T ,  w elche die W echselw irkungsenerg ie  
b e in h a lte t ,  is t  o ffensich tlich  von  d e r E n erg ie  d er W eschselw irkungen  zw ischen  
den  A lkoho l- u n d  K oh lenw assersto ffm o lekü len  ab h än g ig . D a jed o ch  zw ischen  
den  g rö ß te n te ils  in  F orm  von  A ssozia ten  vo rliegenden  A lkoholm olekülen  u n d
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d en  K oh len w assers to ffm o lek ü len  v o r a llem  eine W echselw irkung a u fg ru n d  von  
D isp e rs io n sk rä fte n  v o rs te llb a r  is t , k a n n  e rw a r te t  w erden, d aß  d e r  W e rt q in  
e in d eu tig en  Z u sam m en h an g  m it dem  die E ig e n sc h a fte n  der K oh lenw assersto ff- 
K o h len w assers to ff-G em isch e  c h a ra k te ris ie re n d e n  H ild eb ran d sch en  L ösungs
p a ra m e te r  g e b ra c h t w erd en  k an n . D iese A n n ah m e , wie im  w e ite ren  noch  
g eze ig t w erden  soll, erw ies sich als r ich tig .

3) E in e  M öglichkeit zu r B estim m u n g  d e r  v o re rs t u n b e k a n n te n  F u n k tio 
n e n  / ( X j )  u n d  g (X j) e rg ib t sich aus dem  U m s ta n d , daß  der A sso z ia tio n sg rad  
eines gegebenen A lkoho ls bei gegebener K o n z e tra tio n  u n d  gegebener T e m p e ra 
tu r  in  G em ischen m it  v e rsch iedenen  K o h len w assers to ffen  in  g u te r  A n n äh e ru n g  
id e n tis c h  is t. D ie g esu ch ten  F u n k tio n e n  k ö n n e n  also — in  K e n n tn is  d er 
E ig e n sc h a fte n  eines e inzigen  b in ä ren  G em isches — für die G em ische des 
b e tre ffe n d en  A lkoho ls m it allen sonstig en  K ohlenw assersto ffen  b e s tim m t 
w erd en .
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Z u sam m en h an g  zw ischen  der A u stau sch en erg ie  und dem  H ildeb randschen
L ösu n g sp aram eter

U m  den  Z u sam m en h an g  zw ischen d e r  A ustauschenerg ie  A E  u n d  dem  
L ö su n g sp a ra m e te r  ô zu  b estim m en , w u rd en  d ie  A ngaben  X  — Y  u n d  P  — X  
d e r in  T abelle  I  zu sam m en g efaß ten  b in ä re n  G em ische b e a rb e ite t.

Tabelle I

Untersuchte binäre Gemische

K o m p o n en ten T e m p e ra tu r

°c
L ite r a tu r

A В

Äthanol................. Benzol 40 [5]
Ä thanol................. Toluol 60 [6]
Ä thanol................. n-Pentan 20 m
Ä thanol................. д-Нехап 30 [8]
Ä thanol................. n-Heptan 30 u. 70 [9, 10]

Ä thanol................. Cyclohexan 30 [11]
Ä thanol................. M ethylcy clohexan 30 u. 55 [8]

Gl. (11) u n d  (12) w u rd e  im  M olenbruchbere ich  X j  =  0.1 — 0,9 zu r B esch re i
b u n g  d e r V er Suchsergebnisse angew endet u n d  d ie  den  Y esuchsergebnissen  am  
b e s te n  en tsp re c h e n d en  W erte  von q u n d  A E  w u rd en  festg este llt. W egen der 
b e re its  e rw äh n ten  U n b ra u c h b a rk e it  der G le ich u n g  in  den M olenbruchgeb ie ten  
X x <  0,1 bzw . X j  |>  0,9  w urden  diese G eb ie te  au ß e r a c h t gelassen .
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Als B eispiel is t  in  A bb. 1 d as  E rg eb n is  fü r  das G em isch Ä th an o l — n -H ep - 
ta n  bei 70 °€  d a rg e s te llt. Die gem essenen  bzw . b e rech n e ten  W e rte  s in d  in  
T abe lle  I I  zusam m engeste llt.

T abelle  I I

Berechnete Werte Gemessene Werte [1 0 ]

Y , P, to rr X , P , to rr

0 ,1 0 ,4 8 5 4 5 7 1 0 ,0 5 6 7 0 ,4 6 8 5 5 0 0 ,3

0 ,2 0 ,5 6 6 0 6 3 0 0 ,1 1 8 0 0 ,5 5 3 1 6 1 4 ,3

0 ,3 0 ,6 1 4 9 6 6 4 0 ,1 5 7 3 0 ,5 7 9 0 6 4 8 ,0

0 ,4 0 ,6 3 6 5 6 8 7 0 ,2 5 7 5 0 ,6 0 0 0 6 8 9 ,6

0 ,5 0 ,6 5 2 7 6 9 9 0 ,3 6 3 3 0 ,6 1 1 4 7 0 5 ,9

0 ,6 0 ,6 6 3 8 7 0 2 0 ,4 2 9 0 0 ,6 2 1 3 7 1 2 ,1

0 ,7 0 ,6 7 3 6 7 0 4 0 ,5 0 6 9 0 ,6 2 4 1 7 1 5 ,7

0 ,8 0 ,6 8 9 1 6 9 3 0 ,5 9 6 8 0 ,6 2 8 0 7 1 7 ,7

0 ,9 0 ,7 3 9 5 6 7 9 0 ,6 6 4 8 0 ,6 3 8 3 7 1 7 ,7

0 ,7 1 7 4 0 ,6 4 8 3 7 1 7 ,7

0 ,8 2 0 0 0 ,6 5 1 6 7 0 4 ,9

0 ,8 6 0 0 0 ,6 7 1 3 6 9 3 ,4

0 ,8 9 4 0 0 ,7 2 9 3 6 7 6 ,5

0 ,9 2 5 0 0 ,8 0 1 3 6 5 1 ,8

0 ,9 5 6 4 0 ,8 6 3 9 6 1 0 ,0

0 ,9 8 2 7 0 ,9 2 1 1 5 6 9 ,4

D er g raph ische  Vergleich d e r E rg eb n isse  (A bb. 1) w eist au f den  c h a ra k 
te ris tisc h e n  F eh le r d e r M ethode h in . D ie A bw eichung  d er b e rech n e ten  v o n  d en  
gem essen A ngaben  w ar in  säm tlich en  u n te rsu c h te n  F ä llen  von g leichem  C h a 
ra k te r  u n d  äh n lich e r Größe.

A us d er B e a rb e itu n g  der in  T abelle  I  a n g e fü h rte n  b inären  G em ische  
s ta n d e n  uns n u n  d ie  den  V ersuchsergebn issen  am  n ä c h s te n  liegenden W e r te  q 
zu r V erfügung. D iese sind  in  T ab e lle  I I  a n g e fü h rt, u n d  zw ar zwecks b e sse re r  
V erg le ich b ark e it d e r  W erte  in  d ie  von  d er T e m p e ra tu r  u n ab h än g ig e  F o rm  
q ■ R T  =  A E  ca l/m ol geb rach t.

N u n  su ch ten  w ir einen Z u sam m en h an g  zw ischen  den A ngaben  in  T a 
belle I I I  u n d  dem  L ö su n g sp aram ete r der K ohlenw assersto ffe . D e f in itio n s 
gem äß  is t der L ö su n g sp aram ete r [12]

HwP
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A bb. 1. Gem isch Ä th an o l-n -H ep tan  bei 70 °C. о  berechnete Werte; * gem essene W erte

Abb. 2 . ZÜÏ-W erte in  G em ischen von  Ä thanol m it verschiedenen K ohlenw asserstoffen  
n-P entan , n -H exan , n-H eptan, M ethylcyclohexan , Cyclohexan, T oluol, B enzol

D a AejV,  d ie  D isp ersio n sen erg ied ich te  b e d e u te t, d iv id ie rte n  w ir die 
A u stau sch en e rg ie  d u rc h  das M olvolum en d es  A lkohols u n d  su c h te n  den 
Z u sa m m e n h a n g , in d em  d e r W ert q • R T =  A E  als F u n k tio n  von  A e /V 2 ■ F 1=  
=  d a rg es te llt w u rd e .

A c ta  Chim. Acad. Sei. H ung. 63, 1970



RATKOVICS, MÉSZÁROS: BERECHN U NG  DES D A M PF-FLÜ SSIG K EIT-G LEICH G EW ICH TES 135

Tabelle III

Den Versuchsergebnissen am nächsten liegende Austauschenergien

Gemische A E , [cal/mol]

Ä th n n o l................ n -P e n tan 561

Ä th a n o l................ n -H cx an 498

Ä th a n o l................ n -H ep tan 517,510

Ä th a n o l................ M ethylcyclohexan 479,490

Ä th a n o l................ Cyclohexan 440
Ä th a n o l................ Toluol 366
Ä th a n o l................ Benzol 326

D ie E rg eb n isse  sin d  in  A bb. 2 d a rg e s te llt . W ie ersich tlich , k ö n n e n  die 
M eß p u n k te  au sre ich en d  d u rch  eine G erade  a n g e n ä h e r t  w erden, deren  G le ichung  
fo lgende is t:

E 12 =  875 -  0,111 <51 V t . (16)

A nw endung der B crcchnungsm etliode

M itte ls d er G leichung (16), w elche d e n  Z u sam m en h an g  zw ischen  d e r  
A ustauschenerg ie  u n d  dem  L ö su n g sp a ram e te r  b e sc h re ib t, sowie m it Gl. (13) 
u n d  (14) w urde  — in  K en n tn is  der D a m p f-F lü ss ig k e it-G le ich g ew ich tsan g ab en  
eines als R efe ren zsy stem  gew ählten  A lk oho l-K oh lenw assersto ff-G em isches — 
die B erech n u n g  d e r D am p f-F lü ss ig k e it-G le ich g ew ich te  von G em ischen d es
selben A lkohols m it an d eren  K oh len w assers to ffen  erm öglich t.

E s seien d ie  A ngaben  des G em isches 1 — 2 b e k a n n t und  es so llen  d ie 
A k tiv itä tsk o e ffiz ie n ten  des G em isches 1 — 3 b e re c h n e t w erden.

D a im  G em isch 1 —2

Ь  Æ
u n d

— ^ ( Ä f .

w ährend  im  G em isch 1 — 3 die u n b e k a n n te n  A k tiv itä tsk o e ffiz ien ten  

ln  Укз) = / ( * i )  +  2 -  \ ~ ~ X l  Г
1(S) 17 RT  [ 2 - X j

und
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s in d , e rg ib t sich
, , , - A E U - A E W 1 - X t I2
In y lö) =  l n y 1(i) +  2 -  u- t  Y - X )

u n d
1 ,, _1 г Л Е 13 A E l2 I X x j-
'", w ' k , - +  St J '

E s  i s t  se lb s tv e rs tän d lich , d a ß  es sich um  у  12) u n d  y8 i -W erte  bei d em  X ,-W ert 
h a n d e l t ,  a u f  w elche sich  d ie  B erechnung  b e z ie h t.

D ie  W erte  von  A E 12 u n d  A E l3 w erden  in  K e n n tn is  der L ö su n g sp a ra m e te r  
d e r  K oh len w assers to ffe  m itte ls  Gl. (16) b e re c h n e t.

Im  w eiteren  w erd en  die E rg eb n isse  e in ig e r B erechnungen  a n g e fü h r t . 
D ie  u n te rsu c h te n  G em ische sind :

1) Ä th an o l — n -H e x a n  (R efe ren zsy stem  Ä th an o l-B en zo l);
2) Ä th an o l — M eth y lcy c lo h ex an  (R efe ren zsy stem  Ä th an o l—B en zo l);
3) Iso p ro p an o l — C yclohexan  (R efe ren zsy stem  i-P ro p an o l—B en zo l)  [13]. 
A us den  bei 40 °C gem essenen A n g ab en  des System s Ä th a n o l—B enzol

[5] w u rd e n  die A k tiv itä tsk o e ff iz ie n ten  b e id e r  K om p o n en ten  b e s t im m t. D ie 
A n g a b e n  fü r  die M e ß p u n k te  bzw . fü r »runde« M olenbrüche v o n  0 ,1 ; 0 ,2 ; 0,3 
u sw . s in d  in  T abelle  IV  e n th a lte n .

A us den  A ngaben  d e r T abelle  IV  k ö n n e n  die fü r das Ä th a n o l c h a ra k te 
r is t is c h e n  F u n k tio n e n  g ( X )  u n d  f ( X ) b e s t im m t w erden. D er W e rt v o n  A E  
w ird  d a z u  aus dem  Z u sam m en h an g  A E  =  875 — 0,111 - ó2( - V x b e re c h n e t:

d2 =  9,158 (cal c m “ 3)1'2 [12]
46 07

V ,  = ---- =  58 ,3  (cm 3 m ol“ 1) [14],
0 ,798

Tabelle IV
Aktivitätskoeffizienten des Systems Äthanol-Benzol bei 40 °C 

M eßdaten  G raphisch  b estim m te  D a te n

X , Yi (s) !g Уг (i) P , torr X , !g Yi (2) •g Ys (i) P , torr

0,020 1,051 — 0,003 208,4 0,0 — 0,000 184

0,095 0,722 0,016 239,8 0 ,1 0,695 0,018 241

0 ,204 0,479 0,056 249,1 0,2 0,490 0,052 248

0,378 0,255 0,148 252,3 0,3 0,355 0,097 252

0,490 0,162 0,215 248,8 0,4 0,230 0,150 252

0,592 0,097 0,289 245,7 0,5 0,155 0,220 248

0,702 0,044 0,385 237,3 0,6 0,090 0,285 244

0,802 0,016 0,474 219,4 0,7 0,042 0,375 236

0,880 0,002 0,548 196,3 0,8 0,013 0,465 219

0,943 0,000 0,611 169,5 0,9 0,000 0,555 190

0,987 0,000 0,731 145,6 1 ,0 0,000 — 134
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Tabelle V

Korrektionsfunktionen aufgrund der Angaben des System s Äthanol-Benzol bei 40 °C

X. /(X.) ä(X.)

0,0 — 0,000

0,1 0,448 0,017

0,2 0,273 0,045

0,3 0,168 0,080

0,4 0,074 0,116

0,5 0,033 0,159

0,6 0,000 0,184

0,7 — 0,016 0,215

0,8 — 0,017 0,220

0,9 -0 ,0 0 9 0,186

1,0 0,000 —

Abb. 3. G em isch Äthanol M ethylcy clohexan bei 30 °C. о berechnete W erte;
* gem essene W erte

fo lg lich  is t A E n  =  332 cal/m ol. D ie K o rre k tio n s fu n k tio n e n  fü r die A ssozia tion  
s in d  in  T abelle Y  fü r  »runde« W erte  des M olenbruclis angegeben.

A uf ähn liche  A rt w urde au ch  im  F a ll des S y stem s Iso p ro p an o l—B enzo l 
v e rfah ren .

D er V ergleich  d e r m it den D a te n  des R efe ren zsy stem s Ä th an o l—B enzo l 
b e rech n e ten  u n d  d e r  gem essenen E rg eb n isse  is t  in  A bb . 3, 4 u n d  5, bzw . fü r  
»runde« M olenbrüche in  T abelle V I e n th a lte n .
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A bb. 4. Gemisch Ä thanol—n -H exan  bei 30 °C. О  berechnete W erte; »gem essen e W erte

A bb. 5. Gem isch Isopropanol-C yclohexan bei 40 °C. О berechnete W erte; » gem essene W erte
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Tabelle VI

Vergleich der berechneten und gemessenen Angaben fü r  Dampf-Flüssigkeit-Gleichgeudchte
Ä thanol-M ethylcyclohexan bei 30 °C

X , Y , (e x p .) Y ,  (b er .) P  (e x p .) P  (b er .)

0,0 0,000 0,000 59,8 59,8

0,1 0,486 0,482 112,2 105,3
0,2 0,516 0,527 117,3 114,6
0,3 0,524 0,545 118,8 117,5
0,4 0,528 0,542 119,8 116,2

0,5 0,535 0,544 1120,3 116,3

0,6 0,544 0,552 120,1 115,2
0,7 0,563 0,562 118,9 114,7
0,8 0,598 0,596 115,7 112,4

0,9 0,668 0,690 108,2 102,6

1,0 1,000 1,000 77,5 77,5

Äthanol-re-Hexan bei 30 °C

X , Y i  (e x p .) Y ,  (ber .) P  (e x p .) P (b er .)

0,0 0,000 0,000 196 196,0

0,1 0,210 0,225 238 235,7
0,2 0,240 0,265 247 242,0
0,3 0,240 0,268 247 242,3
0,4 0,245 0,270 246 242,0
0,5 0,250 0,270 244 237,2
0,6 0,270 0,271 240 237,0
0,7 0,275 0,272 229 232,0
0,8 0,320 0,295 217 215,0
0,9 0,415 0,377 167 174,0
1,0 1,000 1,000 76 76,0

-Propanol-Cyclohexan bei 40 °C (Refereilzsystem : i-Pr opanol-Benzol)

X , Y ,  ( e x p .) Y ,  (b er .) P  (e x p .) P  (b er . )

0,0 0,000 0,000 184 184,0
0,2 0,267 0,294 241 237,7
0,4 0,315 0,339 240 238,9
0,6 0,352 0,349 228 232,2
0,8 0,452 0,440 199 202,5

1,0 1,000 1,000 106 106,0
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H in sich tlich t d er A n w e n d b a rk e it d e r M ethode is t  d ie  W a h l des Refe- 
re n z sy s te m s  keinesw egs g le ich g ü ltig , da  die b e rech n e ten  E rg eb n isse  um so 
g e n a u e r  sind , je  äh n lich e r d ie  K o h len w asse rs to ffk o m p o n en ten  des b erechne ten  
S y s te m s  u n d  des R efe ren zsy stem s sind . M it den  an g e fü h rte n  B eisp ie len  sollte 
e in  B eg riff  d a rü b er v e rm it te l t  w erd en , d aß  au ch  K o h len w assers to ffe  m it 
w e se n tlic h  v o n e in an d er ab w eich en d en  S tru k tu re n , w ie z. B . n -H e x a n  u n d  
B en zo l dazu  geeignet s in d , als R e fe ren zsy stem k o m p o n en te  z u r  B erechnung  
d es  G em isches der a n d e ren  K o m p o n e n te  zu  d ienen . D ie q u a n t i ta t iv e  A nalyse 
d ie se r  F rag e  b en ö tig t n o ch  re c h t  v ie le  U n te rsu ch u n g en ; m it dem  zu r Z eit zur 
V e rfü g u n g  stehenden  A n g a b e n m a te r ia l k ö n n en  w ir dies n o c h  u n te rn eh m en . 
D e r  F e h le r  der B erech n u n g sm e th o d e  b e trä g t  in  den a n g e fü h rte n  B eispielen 
n ic h t  m eh r als 3 M olp rozen t bzw . 7 to r r ,  die E rgebn isse  k ö n n e n  also als gute 
A n n ä h e ru n g e n  b e tra c h te t  w erd en .

D ie  A nw endung d e r v o rg e fü h rte n  B erech n u n g sm eth o d e  is t  besonders 
d a n n  angezeig t, w enn  es z u r  B erech n u n g  d e r R e k tif ik a tio n  v o n  V ie lkom ponen
ten g e m isc h e n  aus K o h len w asse rs to ffen  u n d  A lkoholen e rfo rd e rlich  is t, die 
A n g a b e n  säm tlicher m ög lichen  b in ä re n  G em ische zu b e s tim m e n . A u f expe
r im e n te lle m  W eg is t  d iese A rb e it ä u ß e rs t z e itrau b en d  u n d  b e n ö tig t schw er 
a n sc h a ffb a re  A lkohol- u n d  K o h len w asse rs to ffk o m p o n en ten  sow ie en tsp re 
c h e n d e  A p p a ra tu ren , w ä h re n d  d ie  B erech n u n g  — obw ohl w en ig e r genau — 
d u rc h  B earb e itu n g  e in iger L ite ra tu ra n g a b e n  die n ö tig en  E rg eb n isse  liefert.

Sym bole

X  M olenbruch  in  d e r  F lü ss ig k eitsp h ase
Y  M olenbruch  in  d e r  D am p fp h ase
P  D ruck
p  P a r tia ld ru c k
P °  G le ich g ew ich tsd am p fd ru ck
К  G le ich g ew ich tsk o n stan te
у  A k tiv itä tsk o e ffiz ie n t
y ,(2) A k tiv itä tsk o e ff iz ie n t d e r K o m p o n en te  1 in  ih rem  G em isch  m it  K o m p o n en te  2
A Ejj A ustau sch en erg ie  im  G em isch  ij
A e D ispersionsenerg ie
R  u n iversale  G a sk o n s ta n te
T  ab so lu te  T e m p e ra tu r
q te m p e ra tu ra b h ä n g ig e  K o n s ta n te
V,- M olvolum en
ôI H ild eb ran d sch er P a ra m e te r

Indexe

A  m o nom erer A lkohol
A A  d im erer A lkohol
В  K o h len w asse rsto ff
1 A lkohol, ohne  B erü ck s ich tig u n g  de r A ssozia tion , im  G em isch  im  üb lichen

Sinne des W o rte s
2 K o h len w asse rsto ff im  G em isch im  ü b lich en  Sinne des W o rte s .

A c ta  C h im . A cad . S e i. H u n g . 63. 1970
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AN ELECTRON DIFFRACTION STUDY 
ON THE MOLECULAR STRUCTURE OF (CH3)aNSON(CH3)2

I. H a RGITTAI and L. V . VlLKOV
( R e s e a r c h  L a b o r a to r y  f o r  C h e m ic a l  S t r u c tu r e s  o f  th e  H u n g a r i a n  A c a d e m y  o f  S c ie n c e s ,  B u d a p e s t  

a n d  E le c t r o n  D i f f r a c t i o n  L a b o r a to r y ,  D e p a r tm e n t  o f  P h y s i c a l  C h e m is t r y ,  M o s c o w  S t a t e
U n i v e r s i t y ,  M o s c o w )

R eceived  N o vem ber 1, 1968

T he m o lecu la r s tru c tu re  o f (C H ,)2N S O N (C H 3)2 w as stud ied  b y  th e  sec to r- 
m ic ro p h o to m e te r e lec tro n  d iffrac tio n  m eth o d . U s in g  a least-squares re f in e m e n t th e  
follow ing b o n d  len g th s  a n d  angles w ere o b ta in e d : r(C — H ) 1.103 0.008 Â , r(C — N )
1.460 ±  0.008 A, r(S — O) 1.480 ±  0.009 A, r (S — N ) 1.693 +  0.004 A, H C N  
110.7 ±  1.6°, - ï  SNC 116.1 ±  0 .5°, <£ CNC 113.9 ±  1.5°, -£ NSN 96.9 ±  1.2° an d  
-ÿ O SN  105.5 +  0.8°. T h ree  in te rn a l ro ta t io n a l  fo rm s  w ere found  as m o s t p ro b a b le . 
Som e p rob lem s o f th e  su lfu r a n d  n itro g en  s te re o c h e m is try  w ere discussed. In  p a r tic u la r ,  
th e  com parison  o f th e  n itro g en  bon d  c o n fig u ra tio n  in  som e silicon-, p h o sp h o ru s - , 
su lfu r- a n d  ch lo rin e -d e riv a tiv es m ade  possib le  to  p re d ic t  th e  n itrogen  c o n fig u ra tio n  
in  som e o th e r  su lfu r- a n d  ch lo rin e-d eriv ativ es.

In tro d u c tio n

I t  has been  show n in  o u r prev ious p a p e r  [1] th a t  tr iv a le n t n itro g e n  
a to m  bo n d  co n fig u ra tio n  changes from  p eak ed  p y ra m id a l to  p lan a r d e p en d in g  
on th e  n a tu re  o f  a to m s o r a to m ic  groups b o u n d  to  th e  n itrogen  a to m . T h e  
se c to r-m ic ro p h o to m eter m e th o d  o f e lec tron  d iffra c tio n  was used fo r s tu d y in g  
th e  s tru c tu re  o f a series o f  com pounds c o n ta in in g  tr iv a le n t n itro g en  a to m  in  
o rd e r to  ex am in e  th e  in fluence  o f  a tom s o r a to m ic  g roups connected  w ith  th e  
n itro g en  a to m  on i ts  b o n d  co n figu ra tion  [2 ].

T h e  m o lecu lar s tru c tu re  s tu d y  o f d im e th y l-su lfam o y l ch lo ride , (C H 3)2 
N S 0 2C1 (h e rea fte r  re fe rred  to  as DMSC), b y  e le c tro n  d iffrac tion  [1, 3 ] , show ed  
a p y ra m id a l n itro g en  bo n d  co n figu ra tion  w ith  an  average  bond an g le  a ro u n d  
th e  n itro g e n  (ал) o f 112°. C om paring th e  re su lts  o f th is  in v e s tig a tio n  w ith  
th o se  o f  an  X -ra y  one o f te tra m e th y l-su lfa m id e , (C H 3)2N S 0 2N (C H 3)2 (TM SA) 
in  c ry s ta l  [4], tw o s ig n ifican t d ifferences w ere  n o tic e d . These w ere t h a t  th e  
S -N  b o n d  w as a b o u t 0.07 Á sh o rte r  an d  ocx a b o u t  5° less in  DMSC v a p o u rs  
th a n  in  TM SA cry sta l.

In  th e  p re sen t p a p e r th e  elec tron  d iffra c tio n  se c to r-m ic ro p h o to m eter 
s tu d y  on th e  m o lecu la r s tru c tu re  of te tra m e th y l-su lfu ro u s  d iam id e , (C H 3)2 
N SO N (C H 3)2 (TM SDA), is rep o rted . Tw o o th e r  m em bers of th e  sam e  com 
p o u n d  series, n am ely  N ,N ’-th io -b is(d im eth y lam in e), (C H 3)2N SN (C H 3)2 (T B D A ) 
an d  TM SA are u n d e r in v es tig a tio n  also in  v a p o u r  phase  b y  th e  B u d a p e s t 
G roup. T he s tru c tu re  o f  TM SD A  itse lf  also poses sev era l in te restin g  q u e s tio n s .

Acta Chim. Acad. Sei. H ung. 63, 1970
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T h e re  is  n o t  too  m u ch  k n o w n  on th e  s te re o c h e m is try  of te t r a v a le n t  su lfu r. 
C o n s id e rin g  sim ilar m olecu les, only  (C H 3)2SO (b y  electron d iffra c tio n  in  an  
e a r lie r  w o rk  [5] and  m ore  re c e n tly  b y  m ic ro w av e  spectroscopy [6 ]) a n d  SOCl2 
(u s in g  th e  sec to r-m ic ro p h o to m eter te c h n iq u e  b y  one of us [7]) h a v e  been 
in v e s t ig a te d  in  v ap o u r p h a se . Also som e X - ra y  w o rk  will be m e n tio n e d  below . 
T h e  s u lfu r  bond  c o n fig u ra tio n  h av in g  a p y ra m id a l a rra n g e m en t does n o t 
c h a n g e  s ig n ifican tly  in  th e s e  cases. R ev iew in g  th e  lite ra tu re  fro m  p o in t  of 
v iew  o f  th e  n a tu re  o f th e  S — О bond  one c a n  b e  convinced th a t  th e  p rob lem  
n e e d s  f u r th e r  d istance  d a ta .  T h e  m ost in te re s t in g  problem  in  th e  s t ru c tu re  of 
T M S D A  seem s to  be th e  in flu en ce  o f th e  su lfo x id e  group on th e  n itro g en  
b o n d  c o n fig u ra tio n  w h ich  ca n  be c h a ra c te riz e d  f ir s t  of all b y  th e  le n g th  of 
th e  S — N  bo n d  and  th e  n itro g e n  bo n d  ang les. T h e  s tru c tu re  in v e s tig a tio n  of 
T M S D A  is m ade m ore in te re s tin g  b y  th e  f a c t  t h a t  V i l k o v  et al. h a v e  re c e n tly  
r e p o r te d  th e  resu lts  o f  an  e lec tron  d iffra c tio n  s tu d y  of an  an a lo g o u s com 
p o u n d , th e  te tra m e th y l-u re a  (C H 3)2N C O N (C H 3)2 (TMU) [8 ]. In  th is  case th e  
n i t ro g e n  b o n d  co n fig u ra tio n  w as found  to  b e  close to  p lan a r, адг ~  117.5°. 
T h e  w h o le  m olecular sk e le to n  excluding  th e  h y d ro g e n  atom s show ed co-p lan  ar 
a r ra n g e m e n t  in  sp ite  o f  th e  s ign ifican t s te r ic  h in d ran ce .

E xperim en ta l p ro ced u re

S a m p le  of TM SD A  w as p ro v id ed  th ro u g h  th e  courtesy  o f  E . P Á L D I  of 
th e  R e se a rc h  G roup o f In o rg a n ic  C h em istry  o f  th e  H u n g arian  A cad em y  of 
S c ien ces . P a l d i  o b ta in ed  th e  com pound s lig h tly  m odifying [9] th e  m e th o d  
d e s c r ib e d  in  th e  l i te ra tu re  [10]. T he sam p le  w as fu r th e r  p u rified  b y  v acu u m  
s u b lim a tio n  and  its  p u r i ty  w as checked b y  J .  T a m á s  using a m ass-sp ec tro m e te r  
in  t h e  B u d a p e s t L a b o ra to ry . No im p u ritie s  w ere  d e tec ted  an d  th e  co m p o u n d  
w as s ta b le  in  th e  m ass-sp ec tro m e te r a t  a b o u t 100 °C [11].

E le c tro n  d iffrac tio n  p h o to g ra p h s  w ere ta k e n  a t  a nozzle te m p e ra tu re  of 
a b o u t  100 °C w ith  an  E G — 100A d iffrac tio n  u n i t  of th e  P h y sica l-C h em is try  
D e p a r tm e n t ,  Moscow S ta te  U n iv e rsity , d u rin g  a  v is it o f one o f us ( I .H .) . 
A  n e w  e v a p o ra to r  sy s tem  w as used. D a ta  w ere  o b ta in ed  from  19 a n d  41 cm 
c a m e ra  d is tan ces  u sing  60kV  electrons. (S om e p la tes w ere re c o rd e d  from  
41 c m  u s in g  40kV e lec tro n s  too . H o w ev er, th is  p a tte rn  d id  n o t  co n ta in  
s ig n if ic a n tly  m ore in fo rm a tio n , there fo re  i t  w as n o t used in  th e  f in a l d a ta  
re d u c tio n ) .

T ra c e s  of th e  o p tic a l d e n s ity  o f th e  d iffra c tio n  p a tte rn  w ere o b ta in e d  
u s in g  a  Zeiss G i l l  fa s tp h o to m e te r  o f th e  B u d a p e s t  L ab o ra to ry . N H 4CI se rved  
as c r y s ta l  s ta n d a rd  an d  a Zeiss A b b e -c o m p a ra to r  an d  a KM  —5 c a th e to m e te r  
w ere  u s e d  fo r m easuring  N H 4C1 d iffrac tion  r in g s  a n d  nozzle to  p la te  d is tan ces , 
re s p e c tiv e ly . The scale e rro r  caused b y  th e  u n ce rta in tie s  in  m e a su rin g  th e  
w a v e  le n g th  and  th e  nozzle  to  p la te  d is tan ces  w as abou t 0.1 p e r c e n t.
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F i g .  1 .  T he to ta l  e x p e rim e n ta l in ten sitie s a n d  th e  e x p e rim e n ta l background  fo r th e  41 cm
nozzle-to -p la te  d is tan ce

F ig .  2 .  T h e  to ta l  e x p e rim e n ta l in tensities a n d  th e  e x p e rim e n ta l background  fo r th e  19 сш
n o zzle-to -p la te  d is tan ce

Acta Chim. Acad. Sei. Hung. 63, 1970
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Data reduction

F ig s . 1 and  2 show  th e  to ta l  e x p e rim e n ta l in ten sities  co rresp o n d in g  to  
tw o  c a m e ra  d istances. T h e  ex p erim en ta l b a c k g ro u n d  w hich w as d ra w n  in  a r 
b i t r a r i ly  b y  a usual m a n n e r  is show n to o .

T h e n , th e  e x p e rim e n ta l m olecular in te n s it ie s  m odified  b y  th e  e x p e ri
m e n ta l  b ack g ro u n d , s M E(s) —  [ / f ( s )  — j f ( s ) ] / j f ( s ) ,  were o b ta in e d  fo r  b o th

F i g .  3 .  E x p erim en ta l a n d  th e o re tic a l m olecu lar in te n s it ie s . The th eo re tic a l cu rv es were 
c o m p u te d  using  th e  f in a l p a ra m e te r  values o f  T ab le  I I  in  th e  cases o f th e  ro ta t io n a l  fo rm s

show n in  F ig . 7

c a m e ra  geom etries. A fte r  scaling  and  a v e ra g in g  th e se  tw o cu rv es, th e  en tire  
e x p e r im e n ta l m o lecu lar in te n s i ty  cu rve  w as p ro d u ced . In  th e  f in a l sec tio n  o f 
t h e  s t ru c tu ra l  analysis  a m od ifica tio n  o f  th e  b a ck g ro u n d  w as c a rr ie d  o u t fo r 
e l im in a tin g  th e  tr e n d  in  th e  d ifference c u rv e s  betw een e x p e rim e n ta l an d  
m o le c u la r  in ten sities . T h is  fin a l e x p e rim e n ta l m olecular in te n s i ty  cu rve  is 
sh o w n  in  Fig. 3 an d  i ts  n u m erica l values a re  l is te d  in  T able  I .

E x p e rim e n ta l ra d ia l  d is tr ib u tio n  fu n c tio n s  were ca lcu la ted  u sin g  a 
th e o re t ic a l  in te n s ity  fu n c tio n  from  s =  0 to  s =  4 Â -1 a n d  e x p e rim e n ta lA cta  Chim. Acad. Set. H ung. 63, 1970
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Table I

s s M ( s ) S s M ( s ) s s M ( a )

4.25 — 0.164 15.25 0.007 26.25 0.182
4.50 —0.079 15.50 —0.045 26.50 0.200
4.75 0.109 15.75 —0.138 26.75 0.152
5.00 0.312 16.00 —0.188 27.00 0.150
5.25 0.419 16.25 —0.217 27.25 0.130
5.50 0.400 16.50 —0.173 27.50 0.067
5.75 0.254 16.75 —0.123 27.75 —0.014
6.00 0.093 17.00 —0.072 28.00 —0.066
6.25 —0.123 17.25 —0.007 28.25 —0.134
6.50 —0.240 17.50 0.039 28.50 —0.133
6.75 —0.254 17.75 0.102 28.75 —0.136
7.00 — 0.200 18.00 0.157 29.00 —0.144
7.25 -0 .0 9 0 18.25 0.189 29.25 —0.121
7.50 —0.010 18.50 0.188 29.50 —0.075
7.75 0.043 18.75 0.201 29.75 0.000
8.00 0.049 19.00 0.190 30.00 0.097
8.25 0.036 19.25 0.158 30.25 0.187
8.50 0.022 19.50 0.096 30.50 0.152
8.75 0.032 19.75 0.001 30.75 0.097
9.00 0.053 20.00 —0.088 31.00 0.102
9.25 0.099 20.25 —0.170 31.25 0.112
9.50 0.155 20.50 —0.211 31.50 0.127
9.75 0.194 20.75 —0.216 31.75 0.073

10.00 0.198 21.00 — 0.183 32.00 0.111
10.25 0.114 21.25 —0.137 32.25 —0.134
10.50 — 0.020 21.50 —0.078 32.50 — 0.128
10.75 — 0.126 21.75 —0.014 32.75 —0.094
11.00 —0.196 22.00 0.056 33.00 —0.040
11.25 — 0 234 22.25 0.110 33.25 0.002
11.50 — 0.198 22.50 0.142 33.50 —0.016
11.75 — 0.100 22.75 0.152 33.75 —0.074
12.00 0.017 23.00 0.139 34.00 —0.140
12.25 0.104 23.25 0.140 34.25 0.030
12.50 0.149 23.50 0.101 34.50 0.154
12.75 0.165 23.75 0.055 34.75 0.215
13.00 0.151 24.00 —0.014 35.00 0.221
13.25 0.127 24.25 —0.113 35.25 0.082
13.50 0.102 24.50 —0.168 35.50 0.055
13.75 0.030 24.75 - 0 .1 8 4 35.75 0.035
14.00 0.012 25.00 — 0.163 36.00 -0 .0 0 4
14.25 0.038 25.25 0.150 36.25 0.009
14.50 0.052 25.50 0.099 36.50 0.174
14.75 0.050 25.75 —0.003 36.75 —0.174
15.00 0.047 26.00 0.135 37.00 - 0 .0 5 1

in te n s ity  d a ta  fro m  s =  4.25 to  s =  37 Â 1. In  a ll com parisons show n in  
F ig . 4 th e  th e o re tic a l co n trib u tio n  to  th e  e x p e rim e n ta l rad ia l d is tr ib u tio n  is 
co n sis ten t w ith  th e  co rrespond ing  th e o re tic a l fu n c tio n . R ad ia l d is tr ib u tio n  
fu n c tio n s w ere c o m p u te d  several tim es  u sing  d iffe re n t values o f a in  th e  
d am p in g  fac to r  ex p  ( — as2). In  th e  cases o f th e  cu rv es  show n in Fig. 4 th is  
v a lu e  w as 0.002 Â2, ex cep t one a d d ito n a l e x p e r im e n ta l rad ia l d is tr ib u tio n  
co m p u ted  w ith  a  =  0 , show n on th e  to p  of th e  f ig u re .

3 A d a  Chim. Acad. Sei. Hung. 63, 1970
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F ig . 4. E x p e rim e n ta l a n d  th eo re tic a l r a d ia l  d is trib u tio n s . T he th e o re tic a l  curves 
o f  th is  figure  co rre sp o n d  to  th o se  of Fig. 3

Structure an a ly s is

T h e re  w ere th re e  d iffe ren t sources fo r  collecting a t r ia l  s t ru c tu re  (i.e. 
th e  in i t ia l  values o f  T ab le  I I )  fo r c a r ry in g  o u t a le a s t-sq u a re s  re fin em en t. 
S om e o f  th e  p a ra m e te rs  w ere assum ed , so m e  derived  d irec tly  f ro m  th e  ex p e r
im e n ta l  ra d ia l d is tr ib u tio n  and  som e e s tim a te d  by  tr ia l a n d  e r ro r  m e th o d , 
co n sid e rin g  b o th  th e  m olecular in te n s itie s  an d  th e  rad ia l d is tr ib u tio n s .

T h e  f ir s t  s tru c tu ra l m ax im u m  on  th e  experim en ta l ra d ia l  d is tr ib u tio n  
a t  1 .10  Â  co rresponded  to  th e  C — H  b o n d . T he nex t c o m p o u n d  m ax im u m  
h a d  tw o  p eak s an d  co rresponded  to  th r e e  bonds i.e. C—N , S — О a n d  S — N . 
A ssu m in g  fo r r(C —N) 1.47 Â an d  also t h a t  th e  S —0  bond is s h o r te r  th a n  th e  
S — N  b o n d , th e  values o f  1.47 a n d  1.69 Á were ob ta in ed  fo r  r(S  — O) and 
r(S  — N ), re sp ec tiv e ly , b y  su b tra c tin g  th e  correspond ing  peaks fro m  th e  en tire  
m a x im u m . A ssum ing  /(C — N) 0.05 A th e  m ean  am p litu d e  v a lu e s  o f  0.07, 
0 .04 a n d  0.05 Â w ere e s tim a ted  fo r /(C — H ), / (S —0 ) an d  / (S — N ), respec
t iv e ly . T he b iggest m ax im um  fo r n o n -b o n d e d  distances a p p e a re d  a t  a b o u t
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2.64 Â includ ing  th e  d istances r(S . . . C), r ( 0  . . . N) an d  o th e rs . S ince r(S . . . C) 
h a d  th e  g rea te s t w e ig h t in  fo rm ing  th is  m ax im u m , an  ap p ro x im a te  v a lu e  o f 
114° was e s tim a te d  fo r th e  bo n d  ang le  SNC.

T heore tica l m olecu lar in te n s itie s  a n d  ra d ia l  d is tr ib u tio n s  w ere c a lc u 
la te d  for n u m ero u s  m olecular m odels u sin g  th e  tr ia l  an d  e rro r m e th o d  fo r 
f in d in g  th e  o th e r  b o n d  angles, e x c e p t th e  b o n d  angle H C N  w hich  a t  once w as 
assum ed  to  be 110°. Also, i t  was assu m ed  in  th e se  p re lim in a ry  ca lcu la tio n s th a t  
th e  C^NSNCa sk e le to n  had  tw o p lan es  o f  sy m m e try  accord ing  to  a N ew m an 
p ro jec tio n  o f th is  sk e le ton  show n in  F ig . 5. H ere  one o f  th e  S — N b o n d s is 
p e rp en d icu la r to  th e  p lane o f  th e  p ic tu re . V ary in g  th e  bo n d  angles CNC, 
N S N  an d  OSN in  th e  in te rv a ls  o f  a b o u t 109— 120°, 8 0 - 1 3 0 °  an d  1 0 0 -1 0 8 ° ,

H3C *  H3

resp ec tiv e ly , th e  v a lu e s  listed  in  T a b le  I I  as in it ia l  va lues w ere e s tim a te d  fo r 
th e  angles N SN  a n d  O SN . No s ig n ifican t change could  be observed  in  th e  cu rves 
o b ta in e d  b y  v a ry in g  th e  angle CN C; th e re fo re  i t  w as assum ed  to  be eq u a l 
to  th e  angle SNC.

In  all th ese  ca lcu la tio n s c o n s ta n t va lu es  w ere used  as sc a tte rin g  fu n c tio n s  
in  th e  th eo re tica l m o lecu lar in te n s i ty  exp ression . V isiting  th e  Oslo E le c tro n  
D iffrac tio n  G roup  i t  w as possible to  c o n tin u e  th e  s tru c tu re  analysis using  th e  
follow ing sc a tte r in g  functions

g t j l B  0 0  =  - c o s  [ t h  ( s )  -  r] ( s ) ] ,
K  00

w here  \ f(s)  [ an d  rj(s) are th e  ab so lu te  va lu e  an d  ph ase  o f  th e  a to m ic  com plex  
sc a tte r in g  a m p litu d e  an d  l l ( s )  d en o tes  th e  th e o re tic a l b ack g ro u n d  fu n c tio n . 
A descrip tion  o f  th e  th e o ry  can be  fo u n d  in  th e  l i te ra tu re  [12]. I t  shou ld  be 
m en tio n ed  th a t  in s te a d  of th e  th e o re tic a l b ack g ro u n d  th e  ex p erim en ta l one 
cou ld  n o t be used  as  a m odifica tion  fu n c tio n  fo r th e  th eo re tica l m o lecu la r 
in ten s itie s , because i t  w as unknow n a f te r  av e rag in g  th e  ex p e iim en ta l m o lecu la r 
in te n s itie s  co rresp o n d in g  to  tw o cam era  geom etries.

T he p a r tia l w aves electron sc a tte r in g  fac to rs  fo r hyd ro g en , c a rb o n , 
n itro g e n , oxygen a n d  su lfur a to m s a t  60 kV acce le ra tin g  vo ltag e  as w ell as
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th e  sc a tte r in g  fu n c tio n s  w ere ca lc u la ted  u sin g  S t r a n d ’s p ro g ram s ([13] an d  
[14 ], re sp ec tiv e ly ). F ig . 6 show s som e o f th e  guib{s) fu n c tions. In  th is  fig u re  
th e  sc a tte r in g  fu n c tio n s  for th e  a to m ic  p a irs  O H  an d  CH w ere o m itte d  try in g  
n o t  to  m ak e  th e  p ic tu re  o vercrow ded . T hese  sc a tte rin g  fu n c tio n s a re  q u ite  
s im ila r  to  th a t  fo r th e  a to m ic  p a ir  N H  show n in  th e  F igure.

In  th e  s tru c tu re  analy sis  th e  n e x t s te p  w as to  give up  one o f  th e  p lanes 
o f  sy m m e try  an d  ro ta te  th e  (C H 3)2N  g roups. T he p lan e  o f  sy m m e try  k e p t  w as 
th e  one w hich  w e n t th ro u g h  th e  lines o f th e  S —0  bo n d  an d  th e  b is e c tr ix  o f

th e  N S N  bo n d  angle . T h e  ro ta t io n  w as ca rr ied  o u t from  cp =  0° to  cp =  360° 
u s in g  an  in te rv a l o f  Acp =  30° fo r th e  in p u t  in  th e  least-sq u ares  ca lcu la tio n s  in  
w h ich  all th e  “ in itia l v a lu e s”  o f  T ab le  I I  w ere k e p t c o n s ta n t an d  o n ly  th e  
a n g le  cp w as v a ried . H ere  th e  ro ta tio n a l ang le  cp is co n sis ten t w ith  th a t  o f  F ig . 7. 
A ll th e se  le a s t-sq u a re s  ca lcu la tio n s  an d  also th o se  m en tio n ed  h e re a f te r  w ere 
b a se d  on  th e  in te n s ity  fu n c tio n s  u sing  S e i p ’s prog ram  [15]. T h e  follow ing 
w e ig h tin g  schem e w as used  [16]:

W  =  ex p  [ — W l (sx — s)2] for s <  Sj 

W  =  1.00 for sx s<^ s2

W  =  ex p  [ — W 2 (s2 — s)2] fo r s >  s2

Acta Chim. Acad. Sei. H ung. 63, 1970
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w here  W v  W2, a n d  s2 were su ita b le  c o n s ta n ts . C o m p arin g  th e  E  W  A2 
v a lu e s , w here th e  su m  is over all o b se rv a tio n s  an d  A  is th e  d ifference  betw een 
th e  exp erim en ta l a n d  th e  scaled th e o re tic a l in te n s itie s , th re e  m in im a were 
o b se rv ed  correspond ing  to  th ree  ro ta tio n a l form s h a v in g  th e  values o f 99, 
251 a n d  352° for th e  ang le  tp.

B ecause of th e  sm alle st va lu e  o f  E  W  A2, th e  ro ta t io n a l  fo rm  correspond
in g  to  (p =  99° w as chosen  an d  k e p t  fo r fu r th e r  le a s t-sq u a re s  re fin em en t of 
th e  b o n d  leng ths, an g les , th e  m ean  am p litu d es  o f v ib ra tio n  fo r  b o n d  d istances 
a n d  som e of tho se  fo r  non -b o n d ed  d is tan ces  as w ell. T h e  o th e r  m ean  am pli
tu d e s  fo r non-bonded  d is tan ces  w ere  assum ed  to  be  fro m  a b o u t 0.10 to  ab o u t

Fig. 7. T he internal rotational forms found as m ost probable

0.15 Â . E v en  h av in g  th e se  re s tr ic tio n s  i t  was n o t  p o ssib le  to  v a ry  all in d e 
p e n d e n t p a ram ete rs  m en tio n ed  a b o v e  a t  th e  sam e t im e . T h ere fo re , several 
g ro u p s o f  th e  p a ra m e te rs  were fo rm ed  to  be re fin ed  to g e th e r  an d  th e re  was 
a good deal of o v erlap p in g  betw een  th e  p a ram ete rs  b e long ing  to  one o r an o th e r 
g roup . T h e  m ean a m p litu d e  of v ib ra tio n  fo r th e  S — О b o n d  cou ld  n o t be refined  
since g iv ing  an im p ro b a b ly  sm all v a lu e , th ere fo re  i t  w as d ec id ed  to  keep i t  
c o n s ta n t a t  a value o f  0.035 Â. T he re su lts  of th is  le a s t-sq u a re s  re fin e m e n t are 
lis ted  in  T able I I .  T h e  s ta n d a rd  d ev ia tio n s  are  also show n . A lth o u g h  these  
s ta n d a rd  deviations w ere  collected fo r  every  p a ra m e te r  as th e  b iggest ones 
from  d iffe ren t re fin em en ts  th e y  s till seem  to  be too  sm all. I t  is v e ry  d ifficu lt, 
i f  n o t  im possible, to  g ive  a n y  ph y sica l m ean ing  to  th e se  s ta n d a rd  dev ia tio n s, 
i f  considering  the n u m e ro u s  re s tr ic tio n s  used  th ro u g h o u t th is  s t ru c tu re  analysis.

F in a lly , using th e  resu lts  o f th e  least-squares re f in e m e n t fo r th e  bond 
d is tan ces , angles a n d  m ean  a m p litu d e s , th e  ro ta tio n a l an g le  q> w as refined  
ag a in  fo r th e  th ree  ro ta t io n a l  form s fo u n d  as m ost p ro b a b le  a n d  m en tioned  
ab o v e . T he final v a lu es  fo r <p in  th e se  th re e  cases w ere 97, 255 a n d  345° (see 
F ig . 7).
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Table II

The result o f  the least-squares refinement

P a ra m e  e rs In i t ia l  values
F in a l v a lu e s  w ith  th e ir  

s ta n d a rd  d e v ia tio n s

r ( C - H ) ,  Â 1.10 1.103 ± 0 .0 0 8

I ( C - H ) ,  A 0.07 0.063 ±  0.008

r ( C - N ) ,  Â 1.47 1.460 ±  0.008

l (C—N ), Â 0.05 0.046 ±  0.009

r (S—0 ) ,  Â 1.47 1.480 ±  0.009

l (S- О ) ,  Â 0.04 0.035 (assum ed)

г (S—N ), A 1.69 1.693 ±  0.004

l ( S - N ) ,  A 0.05 0.049 ±  0.004

angle H C N 110° 110.7 ±  1.6°

SNC 114° 116.1 ± 0 . 5 °

CNC 114° 113.9 ±  1.5°

N S N 96° 96.9 ±  1.2°

O SN 103° 105.5 ±  0 .8°

I t  m u st be em p h asized  t h a t  th e  m ain  pu rpose  o f  th e  p re se n t s tu d y  was 
to  d e te rm in e  th e  g eo m e try  o f  th e  su lfu r an d  th e  n itro g e n  b o n d s an d  n o t th e  
ro ta t io n a l  form s. No a t te m p t  h as  been m ade to  in v e s tig a te  th e  ro ta tio n  of 
th e  m e th y l groups. A  m ore  p rec ise  s tu d y  of th e  in te rn a l  r o ta t io n  needs m ore 
in fo rm a tio n  ab o u t th e  s c a t te re d  in te n s ity  in  th e  sm all ang le  reg ion . N ev e rth e 
le ss , i t  can  be s ta te d  t h a t  o n  th e  basis o f th e  a v a ilab le  e x p e rim e n ta l d a ta  th e  
m o s t  p ro b ab le  in te rn a l r o ta t io n a l  form s in  th e  v a p o u r  p h ase  in  th e  conditions 
o f  th e  experim en t are  th o se  show n  as N ew m an p ro je c tio n s  in  F ig . 7. A fter th e  
m o d if ic a tio n  of th e  b a c k g ro u n d  th e  values o f 1.680, 1.890 a n d  2.190 were 
o b ta in e d  for E  W  A2 fo r th e  ro ta tio n a l form s I ,  I I  a n d  I I I ,  re sp ec tiv e ly . This 
m e a n s  th a t  th e  m ost p ro b a b le  is th e  form  I  an d  th e  less is I I I .  N a tu ra lly , th e  
e x is te n c e  o f o ther ro ta t io n a l  fo rm s can n o t be ex c lu d ed  e ith e r . I t  should  also 
b e  m e n tio n e d  th a t  no  m o d e ls  n o t  hav in g  sy m m e tric a lly  ro ta te d  (CH 3)2N 
g ro u p s  h av e  been tr ie d  a l th o u g h  th e re  is no reason  to  ex c lu d e  th e ir  existence.

D iscussion

T h ere  is genera lly  a  good  ag reem en t b e tw een  th e  va lu es  o b ta in ed  fo r 
b o n d  len g th s  and  b o n d  an g le s  fo r  TM SDA an d  th o se  fo u n d  fo r re la te d  m ole
cu le s  in  th e  lite ra tu re . I n  p a r t ic u la r ,  th e  bond  angles o f  th e  su lfu r a to m  in  
T M S D A  vapours agree w ell w ith  those  found  in  (C H 3)2SO [5, 6 ] an d  S0C12 
[7] v a p o u rs  and also in  (C H 3)2SO an d  CGH 4(SO)2C6H,| [18] c ry s ta ls . Some S —О

A cta  Chim. Acad. Sei. Hung. 63, 1970



H A R G ITTA I, VILK OV : ELECTRON D IFFRA CTIO N  STUDY 153

b o n d  d istances h av e  been  co llected  an d  co m p ared  in  a p rev ious w ork  [19]. 
T he v alue  o f 1.480 Â  fo r r(S — 0 )  in  TM SDA agrees w ell w ith  th e  genera lly  
o bserved  phenom enon  co ncern ing  th e  d ifference b e tw een  th e  b o n d  len g th s  
o f h e x av a len t an d  te t r a v a le n t  su lfu r a tom s in  an a lo g o u s m olecules a n d  also 
agrees well w ith  th e  conclusion  m ade ab o u t th e  te n d e n c y  o f len g th en in g  of 
th e  S —О bond , w hen  X  changes from  ch lorine to  C H 3 or (CH 3)2N  in  SO X 2 
m olecules [19].

T h e  value d e te rm in e d  fo r r(S — N) in  T M SD A  is th e  sam e (b u t less 
u n c e rta in )  as th a t  in  DM SC. I f  considering  th e  g en era lly  observed  p h en o m en o n  
m en tio n ed  above acco rd in g  to  w hich  th e  b o n d s o f  te t r a v a le n t  su lp h u r  are  
lo n g er b y  some h u n d re d th s  o f  an  A th a n  th e  an a lo g u e  bonds o f te t r a v a le n t  
su lp h u r  [26], th e  S — N  b o n d  in  TM SD A  can  be co n sid e red  s tro n g er i.e. h av in g  
m ore  double  bo n d  c h a ra c te r  th a n  th e  S — N b o n d  in  DM SC. T his fa c t in d ic a te s  
a s tro n g e r de localization  o f  th e  n itro g en  lone p a ir  e lec trons. T his is in  acco r
dan ce  w ith  th e  o bserved  d ifference o f a b o u t 3° in  th e  av erag e  n itro g en  angles 
in  th e  tw o  m olecules. T h e  n itro g en  co n fig u ra tio n  is  less p y ra m id a l in  TM SD A  
th a n  in  DMSC. O n th e  o th e r  h a n d , a sh o rte r  S — N  b o n d  (1.623 A) a n d  less 
p y ra m id a l n itro g en  c o n fig u ra tio n  (ocn ~  117°) w as o b ta in e d  in  TM SA  c ry s ta l 
b y  X -ra y  d iffrac tio n  [4]. H ow ever, one m u st be  v e ry  cau tio u s, i f  com paring  
s t ru c tu ra l  d a ta  on n itro g e n  con figu ra tion  o b ta in e d  in  v ap o u rs  an d  in  c ry s ta l. 
I t  is a w ell-know n fa c t t h a t  th e  inversion  en erg y  o f  th e  n itro g en  a to m  of 
am in o -d eriv a tiv es  in  th e  v a p o u r  phase  is o f th e  sam e o rd e r o f m a g n itu d e  as 
th e  c ry s ta l la ttic e  en e rg y  an d  in  p a rticu la r , th e  h y d ro g en  bo n d  en erg y  in  
c ry s ta l  is even m ore. T h erefo re  i t  is desirab le  to  com pare  th e  m o lecu la r 
s tru c tu re s  o f TM SD A  a n d  TM SA belonging to  th e  v a p o u r  phase in  b o th  cases. 
A n e lec tron  d iffrac tion  in v e s tig a tio n  o f TM SA is in  p rog ress a t  th e  B u d a p e s t 
G roup.

I t  is in te re s tin g  to  co m p are  th e  n itro g en  b o n d  co n fig u ra tio n s in  m olecules 
w here  Si, P , S or Cl a to m  is connected  w ith  th e  n itro g e n . In  (S iH 3)3N  th is  
co n fig u ra tio n  was fo u n d  to  be  p lan a r, as s tu d ie d  b y  th e  v isua l m e th o d  of 
e lec tro n  d iffrac tio n  [20]. A sec to r-m ic ro p h o to m eter e lec tro n  d iffrac tio n  s tu d y  
show ed 120 an d  116° av e rag e  n itro g en  bond  angles in  (C H 3)2NPC12 a n d  (C H 3)2 
N P0C 12, resp ec tiv e ly  [21]. In  (C H 3)2NC1 an d  C H 3NC12 <xN is 107 a n d  108°, 
re sp ec tiv e ly , accord ing  to  a v isu a l e lectron  d iffra c tio n  s tu d y  [22]. F in a lly , 
sec to r e lec tron  d iffrac tio n  re su lts  show ed oc^ ~  104° in  N F 2C1 [23]. D a ta  fo r 
som e su lfu r-n itro g en  co m pounds h av e  been m en tio n ed  above. T he com parison  
show s th a t  going from  silicon to  chlorine th e  n itro g e n  co n fig u ra tio n  changes 
from  p la n a r  to  p eak ed  p y ra m id a l. In  connection  w ith  th is , i t  is re m a rk a b le  
to  rem em ber C r u i c k s h a n k ’s observ a tio n  on th e  d e fin ite  te n d e n c y  fo r th e  
X  — О —X  angles to  ge t sm alle r as X  changes fro m  silicon  to  ch lorine [24]. 
C onsidering  th e  d a ta  on n itro g e n  con figu ra tion  one can  ex p ec t a p y ra m id a l 
co n fig u ra tio n  for th e  n itro g en  bonds in  ch lo rin e -d e riv a tiv es  i.e. in  —C l= ,
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— C l^ and  —Cl|=. O n  th e  o th e r h a n d , a close to  p la n a r  n itro g en
c o n fig u ra tio n  can be p re d ic te d  fo r ^ N — S — . A n e lec tro n  d iffrac tio n
in v e s tig a tio n  of T B D A  is a lso  in  progress a t  th e  B u d ap est G ro u p . I t  is in te r 
e s tin g  to  m en tion  h e re  t h a t  th e  SN H S g ro u p in g  w as fo u n d  to  b e  co -p lan ar 
in  S4N 4H 4 c ry sta l b y  a  n e u tro n  d iffrac tio n  s tu d y  [25].

A s for th e  in te rn a l ro ta t io n  form s fo u n d  m o st p ro b ab le  fo r TM SD A  we 
c a n  re fe r  only  to  th e  s te r ic  effects caused  b y  th e  four m e th y l g roups. The 
c o -p la n a r  a rran g em en t fo u n d  fo r th e  C2NCONC2 skele ton  in  T M U  in  sp ite  of 
th e  s ig n if ican t steric  h in d ra n c e , in d ica tes  a g re a t p o te n tia l b a r r ie r  fo r th e  
r o ta t io n  a round  th e  b o n d . T h is b o n d  is s ig n ifican tly  sh o r te r  th a n
th e  ——C — bond.  I f  co m p a rin g  th e  v a lu es  o f  r( —Nx ) == 1.338 Â  in  
T M U  a n d  r(S — N) =  1.693 Â  in  TM SD A  w ith  th e  co rresp o n d in g  ca lcu la ted  
s in g le  b o n d  values o f  1.47 a n d  1.74 Â, for th e  C — N  an d  S — N  b o n d s , respec
t iv e ly ,  th e  double b o n d  c h a ra c te r  o f ^C— b o n d  seem s to  b e  s tro n g e r in  
T M U  th a n  th a t  o f th e  S — N  b o n d  in  TM SD A . T herefo re  i t  seem s to  be re a 
so n a b le  to  believe t h a t  th e  ro ta tio n a l b a rr ie r  in  TM SDA is sm a lle r  th a n  th a t  
in  T M U , i f  o th e r fa c to rs  a re  n o t  ta k e n  in to  acco u n t.

*

T h e  au th o rs  a re  in d e b te d  to  P ro fesso r S. L e n g y e l  fo r his in te re s t  a n d  en co u rag em en t, 
a n d  to  M r. A. Go l u b in s k ij  a n d  M rs. J .  Szil á g y i fo r th e ir  help  in  th e  e x p e rim e n ta l an d  calcu
la t io n  w ork . One of us ( I .H .)  is g ra te fu l to  P ro fesso r O. B a st ia n sen  fo r p ro v id in g  th e  oppor
t u n i t y  o f  w orking in his G ro u p  a n d  also to  C and. re a l. R . Stö l e v ik  a n d  D r. T . G. Stra n d  
fo r  th e i r  help  in  using  S e i p ’s a n d  St r a n d ’s p ro g ram s.
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ELECTRON PARAMAGNETIC RESONANCE STUDIES 
OF TETRAHEDRALLY COORDINATED CU2+ IONS 

IN CU(I-BENZENE-AZO-N-PHENYL-2- 
NAPHTHYLAMINE)2*

A. R o c k e n b a u e r

( C e n t r a l  R e s e a r c h  I n s t i t u t e  f o r  C h e m is t r y  o f  th e  H u n g a r i a n  A c a d e m y  o f  S c i e n c e s ,  B u d a p e s t )

R eceived  Novem ber 4, 1968

The electron param agnetic resonance spectrum  o f C u(l-benzene-azo-N -phenyl- 
-2-naphthylam ine)z w as m easured in diam agnetically diluted p olycrysta lline  sam ples. 
A nalysis o f the spectrum  led to  the follow ing parameters:

g„  =  2.168 ±  0.005, g ±  =  2.040 +  0.005;

\ A J  =  (123 ±  5) 10“ 4 cm" \  \ A ± \  <  20 10“ 4 c m ' '.

These values su ggest a square-planar arrangem ent of the four n itrogen atom s 
in  contrast to earlier chem ical evidence indicating a tetrahedral sym m etry  for the 
given  com plex. This contradiction  was resolved by dem onstrating th a t if  the tetra
hedron is subm itted to  a large tetragonal com pression, the spectral param eters can 
be undistinguishable from  those o f the square-planar structure. The large distortion  
w hich corresponds to  the m easured param eters can be explained b y  ligan d  flex ib ility .

M e s s m e r  and  S z i m á n  [1] p rep a red  C u (l-b en zen e-azo -N -p h en y l-2 -n ap h - 
th y la m in e )2 (C uB FN A ) ch e la te  (F ig . 1). T h ey  supposed  th a t  th e  p lan es  o f  tw o 
B F N A  groups a tta c h e d  to  Cu2 + ion  are p e rp en d icu la r to  each  o th e r , since 
th e ir  p la n a r  a rra n g e m en t w ould  re su lt in  a s tro n g  steric  com pression . T h u s  th e  
fo u r n itro g en s  bonded  to  th e  Cu2 + io n  form  a te tra h e d ro n  (F ig . 2). So fa r  only  
a few  s tu d ies  [2 —12] h a v e  d e a lt w ith  th e  e lec tron  resonance  s p e c tra  o f  te tra -  
h e d ra lly  co o rd in a ted  Cu2+ io n , th e re fo re  i t  is o f in te re s t to  s tu d y  th e  sp ec tra  
o f  C uB F N A  w hich m a y  su p p ly  new  in fo rm a tio n  a b o u t th is  sp ec ia l c o o rd in a 
tio n .

T h e  m easu rem en ts  w ere m ad e  on p o ly cry sta llin e  sam ples o f  a n  u n d ilu te d  
an d  d iam ag n e tica lly  d ilu te d  com plex . T he d ilu tio n  w as m ad e  w ith  N iB F N A  
in  a ra tio  100 : 1. X -b a n d  sp e c tra  w ere reco rded  a t  77° a n d  300°K  using  a 
J E S  P — 10 sp ec tro m ete r.

T h e  sp ec tru m  o f an  u n d ilu te d  com plex  ex h ib its  a single lin e  w ith  an 
an iso tro p ic  g  fac to r, w h ereas  in  case o f  a d ilu ted  sam ple a p a r t ia l ly  reso lved  
h y p e rfin e  s tru c tu re  can  be  o bserved  (F igs 3 an d  4). A tte m p ts  a t  o b ta in in g  a 
sp e c tru m  w ith  h igher re so lu tio n  w ere unsuccessful.
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* Presented in the X V th  Colloque A. M. P. E . R . E . (16— 20 Septem ber 1968, Grenoble) 
in the Session Electron Spin R esonance in Organic Solids.
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Fig. 1. The form ula o f  C u(l-benzene-azo-N -phcnyl-2-naphthylam m e)2

Fig. 2. The geom etr ica l arrangement o f the central group in  CuBFNA

T h e  spectra  can  b e  d esc rib ed  by  th e  sp in  H a m ilto n ia n :

^ r =  g„ H z Sz +  g ±  (H x S x +  H y Sy) +  A „ I ZS Z +  A ±  ( I x Sx +  I  y S y ) ,
w ith

g„ =  2 .1 5 8  ±  0.005, g ±  =  2.041 ±  0 .005 ,

\A„\ =  (123  ±  5) 10~4 cm - 1 , \A X \ <  20 10~4 c m "1 .
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Fig. 3. The electron param agnetic spectrum  o f undiluted  CuBFN A polycrystal

Fig. 4. The electron param agnetic spectrum  of diluted  CuB FN A  polycrystal. 
T he dilution  was m ade w ith  N iB F N A  in a ratio 100 : 1

Tetrahedron* tetragonal
compression

F ig. 4a. Energy lev e ls o f 3d hole electron in tetrahedral and tetragonally com pressed
tetrahedral crystal fields
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S ince only one o f  th e  hy p erfin e  te n s o r  com ponen ts is k n o w n  an d  its  
o r ie n ta t io n  is u n d e te rm in e d , we can  a rb i t r a r i ly  select com m on p rin c ip a l axes 
fo r  t h e  g  and  h y p erfin e  ten so rs . A lth o u g h  an  ax ia l g  te n so r is co m p a tib le  
b o th  w ith  trig o n a lly  a n d  te tra g o n a lly  d is to r te d  te tra h e d ra l c ry s ta l  fie lds we 
sh a ll  d ea l w ith  te tra g o n a l  d is to rtio n  o n ly , since i t  is m ore lik e ly  in  case of 
C u B F N A .

Supposing  a co m p ressed  te tra h e d ro n , th e  g round  s ta te  o f  3d1 hole 
e le c tro n  is dxy(bx) a n d  th e  n e x t tw o  p e r t in e n t  c ry s ta l fie ld  levels  a re  d X2, 
dyz(e) a n d  dx2_ y2(f>2) (F ig- 4a). T heir en e rg y  se p a ra tio n  from  th e  g ro u n d  s ta te  
a re  E r an d  E 2. W hile E x is ro u g h ly  p ro p o rtio n a l to  th e  d is to r tio n  o f  th e  te t r a 
h e d ro n , E 2 depends o n ly  s lig h tly  on i t .  In  th e  follow ing, we sh a ll ch a rac te rise  
t h e  m easu re  of d is to r tio n  b y  L v  A n a d e q u a te  d escrip tion  o f  a ho le  e lectron  
c a n  b e  g iven by  m o lecu la r o rb ita l in  w h ich  th e  3 d —4p  h y b rid iz a tio n  an d  a n t i 
b o n d in g  ch arac te r a re  ta k e n  in to  a c c o u n t:

—. a0 dxy -f- ßoPz “f" Уо °xy ’

e  _  í a i d xz +  ß i  P y  +  У1 Схг +  ^xz î

1*1 dyZ ~{~ ßiPx У1 °yz ~Ь àt TCyZ ,

b 2 —  * 2  d x 2—y z +  à z  71х г_ у 1  ,

w h e re  th e  a and  n  o rb ita ls  a re  b u ilt  up  fro m  th e  2s an d  2p  a to m ic  o rb ita ls  o f 
fo u r  ne ighbouring  n itro g e n  a tom s, th e  coeffic ien ts  y, Ô, an d  ß  s ta n d  for th e  
s t r e n g th  of covalen t b o n d in g  an d  h y b r id iz a tio n . I t  is u n u su a l t h a t  in  th e  “ e”  
d o u b le t  b o th  a an d  re b o n d in g s w ere ta k e n  in to  accoun t. I t  is a special conse
q u e n c e  o f our tr e a t in g  th e  sq u a re -p la n a r a rra n g e m en t as a lim itin g  case o f  
te tra g o n a l ly  d is to r te d  te tra h e d ro n . T he a  — an d  л  — c h a ra c te r  o f  th is  b o n d 
in g  changes, d ep en d in g  on  w h e th e r th e  g eom etrica l a rra n g e m en t is n ea re r to  
r e g u la r  te tra h e d ro n  o r  to  sq u a re -p la n a r s tru c tu re .

F o r d e te rm in in g  th e  g round  m a g n e tic  d o u b le t, th e  sp in -o rb it coupling  
is  ta k e n  in to  co n sid e ra tio n  by  d iag o n a liza tio n  in  case o f th e  f ir s t  tw o  levels 
a n d  b y  p e r tu rb a tio n  p ro ced u re  in  case o f  th e  h igher b2 level. T h e  follow ing 
ex p ress io n s  for sp in  H a m ilto n ian  p a ra m e te rs  are  ca lcu la ted  b y  th e  usual 
p e r tu rb a t io n  m e th o d :

2
Я" =  go (cos2 #  — sin2 $) — 2&1г s in 2 $  — 8fc02 cos $ ------ ,

E 2

_ Z
g_L =  g0 cos2 #  -f- 2|^2fe01 sin  #  cos ■& — 2|/2fc12 sin  ■&------,

E„
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w here  th e  real к  p a ra m e te rs  a re  th e  m a tr ix  e lem en ts  o f  o rb ita l m o m en ta :

th e  sym bols X ,  Y  a n d  Z  can b e  considered  as re d u c e d  sp in -o rb it coupling  
c o n s ta n ts :

X  =  a?Ad - Æ A p ,

Y  =  a 0 a x Ad ß0 ß l Xp ,

Z  =  a 2 a 0 cos # ----- ■— sin #  Ad .
[/2 J

O v erlap  in teg ra ls  (S ) a re  only a c c o u n te d  for in  case o f  a b o n d in g , th e ir  indices 
co rrespond  to  th e  ind ices o f m o lecu la r o rb ita ls . T h e  sy m b o l e s tan d s  for th e  
g eom etrica l d is to r tio n  o f te tra h e d ro n , in case o f  a reg u la r  te tra h e d ro n  
tg e  =  l/J/2) in  case  o f  a sq u a re -p la n a r  s tru c tu re  tg e  =  0. T (n ) is an  in te g ra l 
co n sis tin g  of ra d ia l w ave-fu n c tio n s o f  ne ighb o u rin g  lig an d s , an d  v a riab le  n  
ch a rac te rizes  th e  h y b rid iz a tio n  b e tw e e n  s an d  p  fu n c tio n s  o f  ligands (G e r s - 
MANN an d  SwALEN [13]).

In  th e  exp ressio n s o f h y p e rfin e  coupling c o n s ta n ts , th e  in teg ra ls  con
ce rn in g  ligand o rb ita ls  are being neg lec ted . T ab le  I  p re se n ts  th e  ca lcu la ted  
fo rm u la s  in  w hich  th e  sym bols Pd an d  Pp are  th e  e x p e c ta tio n  values o f 
2yßßu*  -S in th e  s ta te s  3d an d  4p ,  resp .

*oi =  »(*1 \lx\ exz) =  «о a i -  ß0 ßi -  -ÿ=- Уо á i т(п ) +

+  У\ («о W  -  ßo s p  +  Уо («1 Sÿ» -  ß t S®>),

*ii =  — *(еуг \Ц exz) =  < 4 - ß i  +  2Ух (al S W  — ß l S ™),

*02 =  — ~ r  (*i Ы  b2) =  «o a 2 +  a 2 Уо S W ------ ~ У о д 2  c o s  e T ( n ) ,
z  z

*12 =  — i(b2 |JX| eyx) =  ocl  <x2 +  a2 y 1 S W  — -y=- y 1 ô2 sin  e T(n)  -+- 

-I---- —  <5, ô9 cos e .
V2

T h e  d is to rtio n  is ch a rac te rized  b y

tg i?  =  — (!F  +  f l F 2 +  2 ) ,  
2

an d
W  =  E J Y  +  Х /2 У ,
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Table I

A "  =  1 ~  * K  Ра +  ß l P P ~  (а? P“ +  Я  PP} tgS &] ~

— y  <  p d + 4-  f t  p p + !  ^  “ o « i  p d + Щ -  ßo ßi Pp]  » g  & -  -  « î  p d -

- - - J ~ ß i  Р р ] ч г 0  — “ I  8 « o

A ±  =  T + V #  { ~  * ( c t ° p “  +  f t  P P )  +  - ^ r < p ä — l ~ ß l p P +

+  «о * . Pä -  ßo  ßi P p ]  tg  & -  ß \  P p t g 2 & -

—y —  “ i  “ !  j a 0 a i P ^ J  .

T h e  above expressions o f  sp in  H a m ilto n ian  p a ra m e te rs  agree w ith  
th o s e  o f  th e  sq u are -p lan ar s t ru c tu re  [13], w hen

tg #  ~  -  1 i i ß w  ^  1,

w h ile  tg #  =  J/2, th a t  is b  =  54.4° lim it case co rresponds to  th e  re g u la r  t e t 
ra h e d ro n . T he d is to rtio n  d ep en d en ce  o f sp in  H a m ilto n ian  p a ra m e te rs  can 
h e  d e m o n s tra te d  b y  n eg lec tin g  th e  effects of cov a len t b o n d in g  a n d  h y b rid 
iz a t io n . In  Fig. 5 th e  c o n tr ib u tio n s  to  g fac to rs  from  t2 s ta te s  (b1 a n d  e) and 
fro m  b2 s ta te , resp ., a re  g iven  in  th e  fu n c tio n  o f  #.

F ig. 5. D isto rtio n  dependence  o f  g fa c to rs . T he co n trib u tio n  o f th e  62 leve l is d e m o n s tra ted  
s e p a ra te ly .  C ovalent bon d in g  a n d  h y b rid iz a tio n  a re  neglected . I n  case  o f  & >  54.4°, i t  
c o rre sp o n d s  to  an  e lo n g a ted  te t r a h e d ro n , w hen & <c 54.4°, i t  is a com pressed  te tra h e d ro n  an d  

w hen & 2°, i t  c a n  b e  considered  a  sq u a re -p la n a r s t ru c tu re
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I t  can  be seen  th a t  g„ v a r ie s  v e ry  s tro n g ly , a n d  a t  a special v a lu e  o f 
d is to r tio n  even i ts  sign  changes. T h e  sign o f  g„ w as chosen  equal to  t h a t  o f 
th e  p ro d u c t of th e  th re e  p rin c ip a l g values, as i t  w as p roposed  b y  P r y c e  [9], 
th u s  th e  sign of g„ corresponds to  th e  ro ta tio n a l d ire c tio n  o f th e  m ag n e tic  m o
m en tu m  in  an e x te rn a l m ag n etic  fie ld . T he a b so lu te  va lu es  o f  th e  g fac to rs  
u n am b iguously  re v e a l w h e th e r th e  te tra h e d ro n  is o n ly  slig h tly  or h ig h ly  d is
to r te d .

In  case o f s lig h t d is to rtio n  (e ith e r  com pression  o r e longation) a t  least 
one o f th e  g fac to rs  is sm aller th a n  2 , while in  case o f  s tro n g  d is to r tio n  ( te t 
rag o n a l d is to rtio n ) b o th  g fac to rs  a re  la rger th a n  2 .

B y  using th is  fa c t, th e  p rev io u sly  in v e s tig a te d  te tra h e d ra l  com plexes 
o f C u(II) can  be c lassified . O th e r ions o f 3 d 1 hole e lec tron ic  co n fig u ra tio n , 
e.g. N i(I), can  also be  invo lved  in  th is  d esc rip tio n . T h e  p rin c ip a l va lu es  o f g 
an d  hy p erfin e  te n so rs  fo r several su b stan ces  o f th is  k in d  are  lis ted  in  T ab le  I I .

Table II

g l
M * 1

(10-« c m - 1)
M i l

(10 « c m - 1) R efe ren ces

C u B F N A ....................... 2 .1 5 8 2 .0 4 1 123 <^20 th is paper

CuISA ............................ 2 .1 5 9 2 .0 5 3 * 125 2 1 .5 ** [6 ]

CuTC 2 .3 8 4 2 .0 9 4 * 25 4 8 .5 ** [3 ]

CuDPM ......................... 2 .2 8 3 2 .0 7 5 * — — [5 ]

Cu/ZnO ......................... — 0 .7 4 1 .5 3 1 * 195 2 3 1 ** [4 ]

Cu/BeO ......................... 1 .7 1 2 2 .3 7 8 5 2 .4 108 [ 1 0 ]

N i(I ) /Z n S ....................... 1 .40 1 .4 0 — — [8 ]

* g ±  =  l / 2 f e  +  gy), ** A1 =  l /2(AX +  Ay)

In this table the following abbreviations are used:
CuISA for bis-(N -isopropylsalicylaldim inato)copper(II),
CuTC for tetrachlorocuprate(II) ion, and CuDPM for Cu((a,a’brom o)dipyrrom ethan)2.

O n com paring  th e  d a ta  o f T ab le  I I  w ith  th e  g -cu rv es in  F ig . 5, i t  can  be  seen 
th a t  C uD PM , C uISA , CuTC and  C u B F N A  h av e  h ig h ly  com pressed  te tr a h e d ra l  
g eo m etry . Two ex am p les  o f tr ig o n a l d is to rtio n  a re  also in c lu d ed  in  T ab le  I I :  
C u (II)  in  ZnO an d  B eO  la ttic e s . I t  is  rem ark ab le  t h a t  a lth o u g h  o u r fo rm u las  
shou ld  o n ly  be v a lid  in  case o f  te tra g o n a l d is to r tio n , th e  e x p e rim e n ta l g 
va lues f i t  ou r fo rm ulas a t  le a s t as w ell as th o se  o f  d e  W it  an d  R e in b e r g  [10] 
w ho used  tr ig o n a lly  d is to r te d  te tr a h e d ra l  c ry s ta l f ie ld . F ig . 5 reveals  t h a t  th e  
C u (II) ion  in  BeO h as  a m ed iu m -d is to rted  w hile in  Z nO , a s lig h tly  d is to r te d  
te tra h e d ra l  c ry s ta l f ie ld . In  case o f  s lig h t d is to r tio n  th e  ra tio  o f  o rb ita l an d  
sp in  co n trib u tio n s  to  th e  g  values is 2 : 1, th e re fo re , th e  covalency  a n d  h y 
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b r id iz a tio n  can s ig n if ic a n tly  decrease  th e  g  v a lu es . T h is ex p la in s  t h a t  in  th e  
case  o f  C u(II)/Z nO  a n d  N i(I)/Z n S  g^  is s ig n if ican tly  sm aller th a n  2.

I n  F ig . 6 th e  h y p e rf in e  c o n s ta n ts  a re  show n as a fu n c tio n  o f  $  fo r th e  
cases  w h en  Ad/F2 =  0 , a n d  | | =  1/16. I t  is  rem ark ab le  t h a t  w hile  A ±
c o v e rs  a  w ide ran g e , A „  v a r ie s  on ly  to  a  sm all e x te n t. T h e  h y b rid iza tio n , 
h o w e v e r , can  p ro fo u n d ly  d ecrease  th e  v a lu e  o f  A , ,  an d , th e re fo re , th is  p a ra 
m e te r  is  su itab le  fo r e s tim a tin g  th e  h y b rid iz a tio n . C onsidering  th e  above 
e x a m p le s , th e  e s tim a te d  h y b r id iz a tio n  is s tro n g  in  case o f C uD P M , m edium  
in  ca se  o f  CuTC, an d  neg lig ib le  in  case o f C uISA . T he s tro n g  h y b r id iz a tio n  in

F ig . 6. D istortion dependence o f hyperfine constants. The effect o f  the h 2 lev e l is also illustrated. 
C ovalen t bonding and h yb rid ization  are neglected. In case w hen ft =  54 .4°, i t  corresponds 
to  a regular tetrahedron, w hen  f t< i  54 .4°, it  is a  com pressed tetrahedron, w hen ftf=& 2°, i t  can be

regarded a square-planar structure

ca se  o f  CuD PM  is su rp r is in g , since a la rge  te tra g o n a l com pression  w ould , by  
d e c re a s in g  th e  d e p a r tu re  fro m  in v ersio n a l sy m m e try , red u ce  th e  degree of 
h y b r id iz a tio n .

A  rough  analy sis  o f  th e  sp ec tra l p a ra m e te rs  fo r C uB F N A  rev ea ls  th a t  
in  th is  case h y b rid iz a tio n  does n o t  p lay  a  s ig n if ican t ro le. T h is analy sis  has 
b e e n  com pleted  b y  re d u c in g  m ore  or less a rb itra r i ly  th e  n u m b e r o f  un k n o w n  
p a ra m e te rs . These s im p lific a tio n s  are  lis ted  in  T ab le  I I I .  T he T ab le  IV  show s 
a d d it io n a l  co n stan ts  fo r  w h ich  th e  values a re  ta k e n  from  th e  l i te ra tu re  [2, 3, 
13 ]. I f  th e  18 000 cm  -1 b a n d  in  th e  o p tica l a b so rp tio n  sp ec tra  o f  C uB F N A  [1] 
is  ta k e n  te n ta tiv e ly  e q u a l to  E 2, th e  rem ain in g  p a ra m e te rs  can  be ca lcu la ted . 
A lth o u g h  th e  sign o f  A„  is  u n k n o w n , i t  h as  been  ta k e n  as n e g a tiv e , because 
in  th e  opposite  case h y b r id iz a tio n  w ould  be  to o  s tro n g  (ß2 =  0 .52). T ab le  V 
sh o w s th e  ca lcu la ted  m o lecu la r o rb ita l p a ra m e te rs , x  and  E v
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Table Ш

ol0 =  a ,  =  a «I =  0.9

IIII

© II ii

d , =  0

о

Table IV

ld =  — 829 c m - 1 Ap =  —925 c m -1

Pd =  360 1 0 - 4 c m - 1 PpIPd = 1 . 1

= Sp = 0.1 T(n)  =  0.333

Table V

a2 =  0.64 ß 2 =  0.00 у 2 =  0.47

X =  0.386 E t =  14 000 c m - 1

A lth o u g h  th e  ca lcu la ted  v a lu e  fo r % an d  th e  zero h y b rid iz a tio n  is ty p ic a l 
fo r sq u a re -p la n a r  a rra n g e m en t [13], a h ig h ly  d is to r te d  te tra h e d ra l s tru c tu re  
is n o t to  b e  ru led  o u t. T he reaso n  is th a t  if  th e  te tra g o n a l com pression  is s tro n g , 
th e  c ry s ta l  fie ld  te rm  responsib le  fo r th e  lack  o f in v e rsio n a l sy m m e try  b e 
com es to o  sm all to  cause s ig n ifican t h y b rid iz a tio n , an d , since x  is e sse n tia lly  a 
fe a tu re  o f  th e  free Cu2+ ion  [15], th e re  m u s t be l i t t le  d ifference b e tw e e n  i ts  
va lu es  in  te tra h e d ra l an d  sq u a re -p la n a r  s tru c tu re .

C onsidering  th e  chem ical ev idence , we a re  inc lin ed  to  p ic tu re  th e  fo u r  
n itro g en s  b o n d ed  to  th e  Cu2+ io n  in  C uB F N A  fo rm ing  a te tra h e d ro n  w h ich  is 
h ig h ly  d is to r te d  tow ards th e  sq u a re -p la n a r  s tru c tu re . T h is k in d  o f d is to r tio n  
is p ro m o te d  b y  th e  J a h n - T e l l e r  effect. T he sq u a re -p la n a r a rra n g e m e n t is 
th e  m o st fav o u rab le  s tru c tu re  fo r th e  Cu2+ ion , since in  th is  case th e re  is a 
h ig h ly  s e p a ra te d  3d s ing let level w hich  form s a low  energy  level fo r th e  ho le  
e lec tro n , w hile  th e  cubic c ry s ta l fie ld  leads to  a d eg en era te  g ro u n d  s ta te . 
T he d iffe re n t degrees o f d is to r tio n  can  be ex p la in ed  b y  th e  d iffe ren t lig an d  
f lex ib ilitie s . W hen , e.g. th e  Cu2+ ion  is in  th e  rig id  ZnO la ttic e  th e  J a h n - T e l l e r  

d is to r tio n  is v e ry  sm all, b u t  w hen  th e  Cu2+ ion  is su rro u n d ed  b y  f le x ib le  
o rgan ic  com pounds, e.g. in  th e  d iffe ren t ch e la tes , th is  d is to rtio n  is la rg e .

I am  m ost indebted to Dr. A. M e s s m e r  for the loan of sam ples and to Dr. L. R a d i o s

for the va luab le  discussions.
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EXTREME VALUES OF FORCE CONSTANTS AND MEAN- 
SQUARE AMPLITUDES OF VIBRATION IN ETHYLENE 

TYPE MOLECULES, I
C2H4 and C2D 4

G .  F O G A R A S I a n d  P . M E Z E Y

( Institu te fo r  General and Inorganic Chem istry , L . Eötvös U niversity, B udapest)  

R eceived  N ovem ber 27, 1968

Considering ethylene and ethylene—d4 as m odel m olecules, th ey  have  been  
investigated  separately and a great num ber o f force constant m atrices, reproducing  
th e  experim ental norm al frequencies has been calculated by the param eter m ethod  
o f  P u la y  and T ö k ö k . S ets o f the m ean-square am plitudes com patib le  w ith  the  
norm al frequencies have also been calculated . W hen the norm al frequencies are the  
on ly  available experim ental data , the force constants can assum e p erfectly  unrea
sonable values, too; how ever, even in th is case, the investigation of their extrem e va l
ues can provide useful inform ation on the force field. The investigation  o f th e  m ean- 
square am plitudes in a w ide range o f force constants has given results a t variance  
w ith  the electron diffraction data , ind icating the uncertainty o f the la tter .

In  m ost cases th e  a m o u n t o f  av a ilab le  ex p erim en ta l d a ta  (v ib ra tio n a l 
freq u en c ies  an d  possib ly  a d d itio n a l d a ta  su ch  as m ean -sq u are  a m p litu d e s  
o f  v ib ra tio n , Coriolis c o n s ta n ts  a n d  cen trifu g a l s tre tch in g  c o n s ta n ts )  is in su f
f ic ie n t fo r an  unam b ig u o u s d e te rm in a tio n  o f  th e  force c o n s ta h ts . T h e  a ssu m p 
tio n  o f  various sim plified  fo rce  fie ld s is a w idely  used com prom ise  m e th o d .

A  m ore ex ac t p ro ced u re  is th e  p a ra m e te r  form  of force c o n s ta n t  m a tr ix , 
p ro p o sed  b y  T a y l o r  [1] a n d  w o rk ed  o u t in  d e ta il b y  P u l a y  a n d  T ö r ö k  [2]. 
I t  m ak es possible to  d e te rm in e  all th e  se ts  o f force c o n s ta n ts  w h ich  w ill re 
p ro d u c e  th e  fu n d a m e n ta l freq u en c ies  o r, in  genera l, all th e  a d d itio n a l e x p e ri
m e n ta l d a ta . T ö r ö k  has show n [3] th a t  th e  m ean -sq u are  am p litu d es  co m p a tib le  
w ith  th e  no rm al frequencies can  also  be ca lcu la ted  in  a s im ila r m a n n e r .

T h e  force fie ld  o f e th y len e  a n d  e th y len e -d 4 has been s tu d ie d  b y  sev era l 
a u th o rs  [4, 5]. O ur p u rpose  w as n o t a fu r th e r  im p ro v em en t o f th e se  c a lc u la 
tio n s . T h is prob lem  can  be  considered  to  be se ttled  since th e  fo rce  f ie ld  is 
p ra c tic a lly  fixed  b y  th e  iso to p e  frequenc ies , som e u n c e rta in tie s  a rise  o n ly  
fro m  th e  an h a rm o n ic ity  co rrec tio n .

In  th is  p a p e r th e  C2H 4 a n d  C2D 4 m olecules will be s tu d ie d  se p a ra te ly  as 
m odels o f  th e  general case, w hen  th e  ex p e rim en ta l d a ta  do n o t f ix  th e  force 
c o n s ta n ts  u n am biguously . T h is  p ro ced u re  seem ed to  he ad v isab le , s ince  th u s  
we c a n  com pare o u r re su lts  w ith  re liab le  d a ta . O ur ob jec tive  w as to  d e te rm in e  
th e  possib le  range o f  force c o n s ta n ts  a n d  m ean -sq u are  am p litu d es in  th e  case 
w hen  th is  is lim ited  by  th e  o n ly  co n d itio n  th a t  th e y  m u st rep ro d u ce  th e  fu n d a 
m e n ta l frequencies. S im ilar c a lcu la tio n s  have  been carried  o u t w ith  th e  te t -  
rah a lo g en o e th y len es ; th ese  re su lts  w ill be p u b lished  in  a fo rth co m in g  p a p e r .
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The parameter form o f  the F  m atrix

I n  W il s o n ’s n o t a t i o n  t h e  w e ll-k n o w n  b a s i c  e q u a t i o n  o f  t h e  n o r m a l^  
c o o r d i n a t e  a n a ly s is  is  a s  fo l lo w s  [7 ]:

G F  L =  L  Л .  ((I))

T h e  essence of th e  p a r a m e te r  rep re sen ta tio n  is t h a t  th e  eigenvecto r m atrix . 
L  c a n  b e  w ritten  in  th e  fo llow ing  form :

L  =  g U  , (2) '

w h e re  g =  G1 a, an d  U  is a n  a rb itra ry  o r th o g o n a l m a tr ix  w hich  can  be  given 
a s  a  fu n c tio n  of (2) p a ra m e te rs .  B y  chang ing  th e  p a ra m e te rs , i.e. th e  n o rm a l 
c o o rd in a te s , a sy s te m a tic  ca lcu la tio n  o f L -d e p e n d e n t q u a n titie s  (e.g. force 
c o n s ta n ts  or m ean -sq u a re  am p litu d es) w ill b eco m e possib le.

O n th e  basis o f  th e  a b o v e  co nsidera tions, t h e  F  m atrices  rep ro d u c in g  
th e  n o rm a l frequencies o f  a  m olecule w ill be :

F  =  ( L - ! ) t  Л  L “ 1 =  g“ 1 U  Л  U T g“ 1 , (3)

w h e re  th e  elem ents o f  th e  d iagona l m a tr ix  Л a re  o b ta in e d  from  th e  ex p eri
m e n ta l  Л/ =  4л 2»'? v a lu e s . T h e  p aram eters  can  b e , e.g., ang les, an d  b y  chang ing  
th e m  in  th e  (—я/2 , я /2 )  in te rv a l  one can sy s te m a tic a lly  m ap  all th e  possible 
v a lu e s  o f th e  force c o n s ta n ts .

A ccording to  [3], th e  m ean-square  a m p litu d e s  can  b e  d e te rm in ed  in  th e  
fo llow ing  w ay: L e t S  a n d  Q be th e  n -d im en sio n a l co lum n m atrices o f th e  in 
te r n a l  coord inates ( s u ita b ly , sy m m etry  c o o rd in a te s )  a n d  n o rm al co o rd in a tes , 
r e s p .,  w here n  =  3 N — 6, N  b e ing  th e  n u m b e r o f  a to m s; le t X  be th e  co lum n 
m a t r ix  of 3N c a r te s ia n  d isp lacem en t c o o rd in a te s , w hile  r  a colum n m a tr ix  
o f  (2 ) dim ensions, w hose e lem en ts  rep resen t th e  in te ra to m ic  d istance  d ev ia tio n s  
fo r  a n  a rb itra ry  p a ir  o f  a to m s. L et us d e fin e , fu rth e rm o re , th e  fo llow ing 
tra n sfo rm a tio n s  :

r  =  K Q  S  =  h Q

r =  B M X  S =  В X

T h e  m ean-square  a m p li tu d e s  of v ib ra tio n  are  sq u a re  ro o ts  o f  d iagonal e lem en ts 
o f  th e

P  =  r 7 T =  K  QQT  k t  =  к  A  K T  (4)

m a tr ix .  The u p p e r w a v y  lin es  denote m ean  v a lu e s . Л is a d iagonal m a tr ix
h  hVft

w ith  elem ents = ----------co th  К  can  b e  w r itte n  in  th e  follow ing fo rm :
kk 8 n 2vk 2kT

К  =  B M M - 1 B T G - 1 L ,  (5)
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w here M is a d iag o n a l m a tr ix  w ith  th e  a tom ic  w e ig h ts  as e lem ents. O n th e  
basis o f th e  L  =  g U  re la tio n sh ip  th e  m ean -sq u a re  am p litu d es  can  also be 
ca lcu la ted  as fu n c tio n s  o f  th e  p a ra m e te rs  p ro d u c in g  m a tr ix  U.

E xperim en ta l da ta

S tru c tu ra l  p a ra m e te rs  a n d  n o rm al frequencies a re  g iven  in  T ables I  a n d  I I ,  
resp . T hese d a ta  agree w ith  th o se  used  b y  C y v i n  a n d  C y v i n  [ 4 ] .  T he a n h a r-  
m o n ic ity  co rrec tio n s h av e  also been  ta k e n  from  th e  above  p ap er.

Table I

Structural parameters 

CH =  CD =  1.086 A 

CC =  1.338 Á 

<  HCH =  DCD =  117.3°

Table II

Anharmonic ( experimental)  and harmonic (corrected) normal frequencies o f ethylenes

A ssig n m e n t
C ,H 4 c , d 4

V (cm -1 ) tv (cm -1) V (c m -1 ) w  (cm -1)

Ag s i 3026 3427 2260 2476

S 2 1623 1634 1518 1528

S3 1342 1296 985 960

B,g s. 3102 3096 2310 2306

s 2 1236 1262 1 0 1 1 1028

Bjj, s, 3105 3278 2345 2442

S 2 810 827 585 594

2989 3200 2 2 0 0 2312

S 2 1443 1491 1078 1104

Calculations

T he ca lcu la tio n s  h av e  been  carried  o u t fo r th e  in -p lan e  v ib ra tio n s  on ly . 
T his is p erm issib le  in  th e  case o f m ean -sq u are  a m p litu d e s , to o , since th e  o u t-  
of-p lane v ib ra tio n s  do n o t c o n tr ib u te  to  th e ir  v a lu es . T h e  in te rn a l an d  sy m 
m e try  co o rd in a tes  are  defined  in  F ig . 1 and  T ab le  I I I ,  re spec tive ly . B end ing  
coo rd inates a re  n o t  w eigh ted  b y  equ ilib rium  d is tan ces . T h e  m app ing  o f force 
co n stan ts  has b een  ca rried  o u t in  each  sy m m etry  species sep a ra te ly . In  o rd e r 
to  o b ta in  re su lts  co m p arab le  w ith  th e  ex p erim en ta l d a ta ,  in  th e  case o f m ean-
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s q u a re  am p litu d es  th e  to ta l  L  a n d  U  m a trice s  shou ld  he  co n sid e red . T hus, 
fo r  th e  in -p lan e  v ib ra tio n s  U  w ill he  o f  d im ensions 9 an d  th e  n u m b e r  o f p a 
ra m e te r s  is (2). H ow ever, th e  n u m b e r o f  a c tu a lly  in d e p e n d e n t p a ra m e te rs  is 
f a r  less, n am ely  6, since a,y =  co n st. =  0, i f  subscrip ts  i an d  j  re fe r to  coord i
n a te s  o f  tw o  d ifferen t sy m m e try  species. U n fo rtu n a te ly , even  th is  n u m b e r of 
p a ra m e te rs  perm its on ly  a lim ite d  m ap p in g .

T able  I I I

In-plane symmetry coordinates

Si(A g) =  ' /2(rl +  r2 +  r3 +  r 4) S ,(B 2U) =  l/ 2(rl — r 2 — r3 +  r4)

S 2(Ag) =  d S2(B 2U) =  V2(^ i -  ß* -  ß 3 +  ß -,)

Sä(Ag) =  +  ßa +  ßa +  ß i )
s i(B ig) =  V2(r i — r2 +  r3 —  r 4) S ,(B 3U) =  Ч2(гг +  r 2 — r3 —  r 4)
S 2(B lg) =  42( ß 4 - ß i  +  ß 3 -  ß 4 )  S 2(B 3U) =  l/ 2( ß l +  ß 2 -  ß 3 -  ß 4 )

R esults

Force constants. In  T ab le s  IV , V an d  V I a m ap  of force c o n s ta n ts  is given, 
w h ere  ro ta tio n  angles se rv ed  as p a ra m e te rs . N a tu ra lly , in  th e  case o f  th e  A g 
sp ec ies, o n ly  a p a r t  o f th e  fu ll ran g e  o f  p a ra m e te rs  can  be g iven . A ccord ing  to  
o u r  ca lcu la tio n s  carried  o u t in  th e  fu ll p a ra m e te r  range, co m p le te ly  im p ro b ab le  
e x tre m e  force c o n s tan t v a lu es  m a y  also occu r, i.e., w hen th e  o n ly  re s tr ic tio n  
fo r  th e  force co n stan ts  is th e  re p ro d u c tio n  o f no rm al freq u en c ies , th e  force 
f ie ld  is p rac tica lly  u n d e te rm in e d . A t th e  sam e tim e  in  all th e  tw o -d im ensiona l 
species th e  m in im um  o f  F 22 belong ing  to  th e  bend in g  c o o rd in a te , an d  th e  
m a x im u m  o f th e  s tre tc h in g  fo rce  c o n s ta n t F u  are  re s tr ic te d  to  v e ry  p robab le  
v a lu e s .

B ecause  of th e  p ro b lem s m e n tio n e d  above th e  ex tre m e  v a lu e s  of A g 
fo rce  c o n s ta n ts  have  been  in v e s tig a te d  u n d e r  p rescribed  re s tr ic tio n s , too . 
A lth o u g h  these  re s tr ic tio n s  im p o sed  on th e  off-d iagonal e lem en ts in v o lv e  some 
a rb itra r in e s s , th is  is fa r  less th a n  th a t  assoc ia ted  w ith  th e  s im p lified  force 
fie ld s , since, in stead  o f  f ix in g  som e e lem en ts , only  w ide ranges a re  prescribed . 
T h e  re su lts  are su m m arized  in  T ab le  V II . T he force c o n s ta n ts  h a v e  n o t be-
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Table IV

M ap o f  the A  g-force constants o f  С гН л

P a ra m e te rs  (n u n its ) F (H ) (F12) F (1 3 ) *'(22) F(23) F (3 3 )

—  .10 — .10 — .1 0 5 .4 5 9 —  2 .6 7 2 —  2 .1 5 1 1 3 .4 0 6 2 .601 2 .2 1 7

—  .10 — .10 .0 0 5 .5 0 6 —  2 .4 9 3 — 2 .0 7 4 1 3 .7 9 7 3 .0 6 1 2 .2 6 4

—  .1 0 — .10 .1 0 5 .5 3 9 —  2 .4 3 9 —  1 .9 8 1 1 3 .4 6 4 3 .4 5 8 2 .3 7 6

—  .1 0 .00 — .1 0 5 .8 9 9 —  2 .4 9 0 —  .5 3 5 12 .841 1 .165 1 .2 3 6

— .10 .0 0 .0 0 5 .9 0 8 —  2 .4 1 5 .4 4 8 1 3 .421 1 .657 1 .2 6 2

—  .10 .00 .1 0 5 .8 9 4 — 2 .4 6 7 —  .3 7 5 1 3 .285 2 .1 1 2 1 .4 0 7

— .1 0 .10 —  .1 0 5 .4 3 2 —  1 .631 1 .1 6 3 1 1 .8 6 0 .0 0 6 1 .5 1 3

— .1 0 .10 .0 0 5 .3 9 3 —  1 .6 5 5 1 .2 5 3 1 2 .6 0 4 .485 1 .5 4 0

—  .10 .10 .1 0 5 .3 4 2 —  1 .820 1 .9 2 7 1 2 .6 4 6 .949 1 .6 8 1

P a ra m e te rs F (H ) F(12) F (13) F(22) F(23) F (3 3 )

.0 0 — .10 — .1 0 6 .3 4 9 .9 2 7 —  1 .9 4 3 1 0 .3 5 9 .705 1 .8 8 3

.0 0 — .10 .0 0 6 .3 6 0 1 .0 8 2 —  1 .9 2 0 1 0 .9 9 9 1.191 1 .9 1 8

.0 0 — .10 .10 6 .3 7 8 1 .2 0 3 —  1 .8 6 8 1 0 .8 7 6 1 .634 2 .0 5 7

.0 0 .00 —  .10 6 .8 5 5 1 .581 .1 1 3 1 0 .4 9 2 .787 1 .1 8 2

.0 0 .00 .0 0 6 .8 5 5 1 .601 —  .0 8 4 1 1 .1 0 3 1 .298 1 .2 1 5

.0 0 .00 .1 0 6 .8 5 3 1 .5 7 8 .0 6 2 1 0 .9 5 0 1.765 1 .3 6 6

.0 0 .10 —  .1 0 6 .2 5 6 2 .0 6 8 1 .7 1 7 1 0 .6 9 6 1 .222 1 .7 5 0

.0 0 .10 .0 0 6 .2 3 5 1 .9 5 1 1 .7 4 9 1 1 .2 5 7 1 .714 1 .7 8 4

.0 0 .10 .1 0 6 .2 2 3 1 .7 8 5 1 .7 4 0 1 1 .0 5 0 2 .1 5 4 1 .9 2 6

P a ra m e te rs F (U ) F(12) 1 (13) F(22) F(23) F (3 3 )

.1 0 — .10 —  .10 6 .3 4 6 4 .8 4 4 —  1 .4 9 9 1 3 .7 4 3 — .500 1 .6 0 9

.10 — .10 .0 0 6 .3 2 6 4 .9 1 9 1 .5 3 5 1 4 .5 1 5 — .041 1 .6 4 1

.10 — .10 .1 0 6 .3 1 3 5 .0 5 6 —  1 .5 3 4 1 4 .6 4 6 .410 1 .7 8 3

.1 0 .0 0 —  .10 6 .8 1 6 5 .9 0 0 .3 6 7 1 5 .2 8 7 1 .148 1 .2 0 3

.1 0 .0 0 .0 0 6 .8 1 8 5 .8 6 2 .3 3 5 1 5 .8 3 4 1 .624 1 .2 3 3

.1 0 .0 0 .1 0 6 .8 1 8 5 .8 7 0 .3 0 5 1 5 .7 1 5 2 .0 6 3 1 .3 8 2

.1 0 .1 0 — .1 0 6 .1 8 7 5 .8 9 3 2 .1 4 2 1 5 .9 0 8 3 .0 7 8 2 .0 6 1

.1 0 .10 .0 0 6 .2 0 2 5 .7 3 4 2 .1 1 5 1 6 .2 0 0 3 .5 2 9 2 .0 9 4

.1 0 .10 .1 0 6 .2 2 5 5 .6 2 4 2 .0 5 8 1 5 .8 1 9 3 .9 0 7 2 .2 2 9
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Table V

M a p  o f  the Ag-force constants o f  C„Ua

P a ra m e te r s  (я u n its) F(H) F(12) F (1 3 ) F(22) F(23) F(33)

— .10 — .10 - . 1 0 5.745 — .977 — 2.299 11.266 2.331 2.474

— .10 — .10 .00 5.887 — .567 — 2.058 12.157 3.319 2.611

— .10 — .10 .10 5.975 — .437 — 1.785 11.874 4.179 3.012

— .10 .00 — .10 6.232 — .464 — .701 10.557 1.201 1.385

— .10 .00 .00 6.255 — .271 — .435 11.721 2.267 1.519

— .10 .00 .10 6.206 — .371 — .222 11.733 3.260 1.974

— .10 .10 — .10 5.828 .483 1.010 9.798 .483 1.553

— .10 .10 .00 5.711 .468 1.279 11.174 1.534 1.688

- . 1 0 .10 .10 5.549 .119 1.406 11.427 2.550 2.134

P a ra m e te rs F ( l l ) F(12) F(13) F(22) F(23) F(33)

.00 —  .10 — .10 6.611 1.255 — 2.029 9.571 .830 2.037

.00 —.10 .00 6.653 1.595 — 1.934 10.846 1.875 2.198

.00 — .10 .10 6.709 1.854 — 1.770 10.928 2.835 2.637

.00 .00 — .10 7.124 2.192 — .175 9.809 .906 1.295

.00 .00 .00 7.124 2.250 — .073 11.011 2.005 1.456

.00 .00 .10 7.115 2.193 .000 11.010 3.013 1.932

.00 .10 - . 1 0 6.526 2.916 1.685 10.180 1.461 1.829

.00 .10 .00 6.456 2.687 1.784 11.251 2.522 1.990

.00 .10 .10 6.410 2.320 1.760 11.108 3.465 2.439

P a ra m e te rs F(H) F(12) F (13) F(22) F (23) F(33)

.10 — .10 — .10 6.756 3.792 — 1.490 10.975 — .061 1.693

.10 — .10 .00 6.710 3.944 — 1.567 12.410 .922 1.846

.10 - . 1 0 .10 6.683 4.221 — 1.539 12.887 1.903 2.298

.10 .00 — .10 7.183 5.006 .433 12.522 1.260 1.321

.10 .00 .00 7.190 4.923 .359 13.586 2.272 1.474

.10 .00 .10 7.191 4.916 .288 13.631 3.210 1.944

.10 .10 — .10 6.483 5.320 2.238 13.540 2.987 2.219

.10 .10 .00 6.512 4.984 2.170 14.164 3.938 2.374

.10 .10 .10 6.570 4.719 2.012 13.737 4.731 2.799
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Table VI

M ap o f the B ig-, B 2U- and B 3ll-force constants o f  the С гН л and C 2D t molecules

P a ra m e te r
F ( l l ) F (12) F(22)

(n  u n its)
c . h . c , d 4 C ,H 4 C.D. C ,H 4 C ,D ,

i—.50 .930 1.249 .553 .819 3.931 3.213

Í-.4 0 1.081 1.263 — .567 .191 3.396 2.674

1—.30 2.004 2.111 - 1 .2 4 9 .783 2.449 1.874

— .20 3.347 3.468 —  1.230 .730 1.452 1.118

- . 1 0 4.597 4.816 — .517 .953 .787 .694

B lg .00 5.276 5.640 .615 .989 .706 .766

.10 5.125 5.626 1.736 1.999 1.242 1.304

.20 4.201 4.778 2.418 2.591 2.189 2.105

.30 2.858 3.421 2.399 2.539 3.185 2.861

.40 1.608 2.073 1.687 1.862 3.851 3.284

.50 .930 1.249 .553 .819 3.931 3.213

—.50 .370 .367 .247 .484 7.223 7.752

—.40 .765 .662 - 1 .5 2 2 — 1.375 6.449 6.803

- . 3 0 2.027 1.873 —  2.621 — 2.536 4.680 4.829

- . 2 0 3.675 3.537 —  2.629 —  2.554 2.592 2.584

—  .1 0 5.079 5.020 — 1.542 — 1.423 .983 .925

.00 5.702 5.753 .223 .424 .467 .485

В .10 5.308 5.459 1.993 2.283 1.241 1.434

.20 4.045 4.248 3.092 3.444 3.009 3.408

.30 2.398 2.583 3.099 3.463 5.097 5.654

.40 .994 1.101 2.013 2.332 6.706 7.313

.50 .370 .367 .247 .484 7.223 7.752

— .50 1.274 1.367 -  .260 — .474 6.411 6.091

—.40 1.804 1.972 — 1.668 — 1.837 6.032 5.820

— .30 3.003 3.210 — 2.537 — 2.679 4.840 4.759

- . 2 0 4.413 4.608 — 2.534 — 2.677 3.291 3.313

— .10 5.495 5.633 — 1.662 — 1.833 1.976 2.034

B 3U .CO 5.836 5.892 — .252 — .469 1.398 1.412

.10 5.306 5.287 1.155 .893 1.778 1.683

.20 4.106 4.049 2.024 1.734 2.970 2.744

.30 2.697 2.650 2.021 1.733 4.519 4.190

.40 1.614 1.626 1.149 .889 5.833 5.468

.50 1.274 1.367 — .260 — .474 6.411 6.091
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Tabic V II
Extreme values o f force constants in  the Ag species with the follotving restrictions :

|F „ |£  1, \Fl3\ <£ 1, |F e | £  2
Fn  CH str. F 22 C =C  str. Fs, CCH bend.

min. max. ref [4] min. max. ref [4] min. max. ref [4]

C2H 4

C2D 4

6.0

5.8

6.8

6.9

6.78

6.78

9.0

7.7
♦

11.7

11.6

10.76

10.76

1.2

1.3

1.6

1.8

1.40

1.40

F,* F 1S F „

min. max. re f [4] min max ref [4] min max ref [4]

С2Н 4

c 2d 4

— 1.0 

— 1.0

1.0

1.0

1.00

1.00

— 1.0 

— 1.0

1.0

1.0

- 0 .1 3  

— 0.13

0.1

— 0.2

2.0

2.0

1.82

1.82

D im ensions: F u , F 22, F 12 — m d y n /Â ; F 13, F 23 — m d y n ; F 33 — m d y n  • Â

Table V III
Force constants at the m inim um  value o f  F 22

Fu  CH str.
ref [4] Fia r e f [4] F 22 CCH bend. ref [4]

B >Z
C 2H 4

C 2D 4

5 .1 2

5.23
5.14

0.20

0.34
0.23

0.65

0.66
0 .6 6

Bau
C2H 4
c 2d 4

5.68

5.68
5.69

0.03

0.03
0.04

0.46

0.46
0.46

C2H 4
c 2d 4

5.82

5.84
5.82

— .10 

— 0.18
—0.13

1.39

1.39
1.39

D im ensions: F n  — m d y n /Â , F 12 — m d y n , F 22 — m d y n  • Â

co m e f ix e d  and , n a tu ra l ly , th is  c a n n o t be  ex p ec ted  u n d er th e  a p p lie d  loose 
re s tr ic t io n s ,  how ever, th e  re su lts  p ro v id e  re liab le  in fo rm a tio n  a b o u t th e  
p o ss ib le  lim its  o f force c o n s ta n ts . T he d iag o n a l elem ents v a ry  b e tw een  ac 
c e p ta b le  values. The o ff-d iag o n a l e lem en t F 23 has a p ositive  sign , w hile F 12 
a n d  ■̂ 23 rem ain  u n d e te rm in e d .

I n  th e  case o f th e  tw o -d im en sio n a l species, th e  force c o n s ta n ts  have 
b e e n  s tu d ie d  a t  th e  m in im u m  o f I?22 (T able  V I I I ) .  T hough  th is  h as  b een  qu ite  
a n  a r b i t r a r y  selection from  th e  possib le so lu tio n s , i t  is re m a rk a b le  t h a t  these  
fo rce  c o n s ta n ts  are in  p e rfe c t ag reem en t w ith  C y v i n ’ s  reliab le re su lts  o b ta in e d  
b y  s im u lta n e o u s  c o n sid e ra tio n  o f all th e  iso to p e  frequencies. S t r e y ’ s  stud ies 
on  n o n lin e a r  X Y 2 and  p y ra m id a l X Y 3 m olecu les [9] have led to  s im ila r  re su lts . 
H o w e v e r , i t  m ust be  em p h asized  th a t  th e  above  a u th o r  has e x a m in e d  on ly  
tw o -d im e n s io n a l cases, since  o u r ca lcu la tio n s  in d ica te  e v id e n tly  t h a t  th is  
p ro c e d u re  can n o t be e x te n d e d  to  th e  th ree -d im en sio n a l case.
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M ean-square am plitudes o f  vibration

As m en tio n ed  above, each  in -p lan e  v ib ra tio n  co n trib u tes  to  th e  m ean- 
sq u are  a m p litu d e s , th u s  th e ir  m ap p in g  can  be  o n ly  lim ited . T ab le  I X  c o n ta in s  
th e  re su lts  o b ta in e d  fo r th e  C2D 4 m olecule, as ca lcu la ted  b y  v a ry in g  th e  p a 
ra m e te rs  o n ly  in  th e  A g species, th e  force c o n s ta n ts  o f th e  tw o -d im en sio n a l 
species b e ing  le ft u n ch an g ed . T hese force c o n s ta n ts , as well as th o se  b e lo n g in g  
to  0,0,0 valu es  o f  th e  p a ra m e te rs  in  th e  A s species h av e  been ta k e n  fro m  th e  
p a p e r b y  Cy v in  [4], i.e. th e  cen te r  of th is  m a p p in g  [10] is defined  b y  th e  L 0 
m a tr ix  co rresp o n d in g  to  Cy v in ’s force c o n s ta n ts , in s tead  o f th e  L 0 =  g 
re la tio n sh ip . C onsequen tly , th e  a m p litu d es  ca lc u la ted  a t  p o in t 0,0,0 a re  id e n 
tic a l w ith  th o se  re p o rte d  b y  Cy v in  [6]. In  th e  p re se n t ca lcu la tions L =  L 0U. 
I t  shou ld  be  n o te d  th a t  in s te a d  o f th e  ang le  p a ra m e te rs  a n o th e r fo rm  o f  U 
m a tr ix  p ro p o sed  b y  P u l a  Y [10] has been  ap p lied  in  th e  p resen t case .

B esides th e  re su lts  g iven in  T ab le  IX  s im ila r calcu la tions h av e  a lso  been  
ca rried  o u t  fo r th e  C2H 4 m olecule as well as fo r th e  tw o-d im ensional species. 
T ab le  IX  show s th a t  even  th e  re liab le  Cy v in ’s force co n stan ts  c a lc u la te d  b y  
considering  all th e  iso tope  frequencies do n o t  y ie ld  m ean-square  a m p litu d e s  
co m p a tib le  w ith  th e  ex p e rim en ta l va lu es  o b ta in e d  b y  e lec tro n -d iffrac tio n  
tech n iq u es . T h e  d ifferences alone w ould  n o t  seem  v e ry  im p o rta n t, b u t  o n  th e  
basis o f  th e  g iven  m ap p in g  i t  is w o rth  m e n tio n in g  th a t  th e  d e v ia tio n s  from  
th e  e x p e rim e n ta l values are  in  th e  sam e o r h ig h e r o rd e r o f m ag n itu d e  th a n  th e  
v a r ia tio n  o f  th e  m ean -sq u are  am p litu d es in  th e  w hole m apped  p a ra m e te r  ran g e  
c o n ta in in g  s tro n g ly  v a ry in g  force c o n s ta n ts . S im ila r re su lts  have been  o b ta in e d  
in  th e  case o f  e th y len e  an d  som e o th e r m olecules s tu d ied  in  th is  la b o ra to ry . 
N a tu ra lly , th e  a m o u n t o f d a ta  is n o t su ffic ien t to  allow  g en era liza tion , b u t  th is  
p roblem  shou ld  be  ta k e n  in to  acco u n t w hen  using  m ean-square  a m p litu d e s  
o b ta in ed  b y  e lec tro n -d iffrac tio n  m easu rem en ts  fo r  fix in g  th e  force f ie ld .
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T ab le  IX

Root-mean-square amplitudes o f vibrationL at

P a r a m e te r s F ( l l ) F (1 2 F (1 3 ) F (2 2 ) F (2 3 )

- 0 . 1 — 0.1 —0.1 5.743 —0.174 0.819 11.899 2.225

— 0.1 —0.1 0.0 5.845 0.103 0.814 11.358 1.505

—0.1 — 0.1 0.1 5.944 0.287 0.764 10.372 0.812

— 0.1 0.0 - 0 . 1 6.095 —0.477 — 0.243 12.133 2.745

— 0.1 0.0 0.0 6.104 —0.440 — 0.296 11.801 2.005

— 0.1 0.0 0.1 6.103 —0.484 —  .0364 10.979 1.262

— 0.1 0.1 - 0 . 1 6.074 —0.629 — 1.303 12.324 3.352

— 0.1 0.1 0.0 5.984 —0.831 — 1.390 12.270 2.709

— 0.1 0.1 0.1 5.887 - 1 .0 9 9 — 1.461 11.724 2.030

0.0 — 0.1 —0.1 6.389 1.222 1.113 11.038 2.435

0.0 —0.1 0.0 6.492 1.519 1.069 10.696 1.772

0.0 — 0.1 0.1 6.589 1.720 0.975 9.905 1.110

0.0 0.0 —0.1 6.769 0.986 — 0.031 11.077 2.527

0.0 0.0 0.0 6.783 1.004 — 0.133 10.766 1.824

0.0 0.0 0.1 6.784 0.936 — 0.251 9.982 1.120

0.0 0.1 —  0 . 1 6.725 0.792 -  1.188 11.132 2.719

0.0 0.1 0.0 6.644 0.530 — 1.332 10.921 2.095

0.0 0.1 0.1 6.551 0.202 — 1.454 10.255 1.463

0.1 —0.1 —0.1 6.781 2.864 1.404 11.510 2.868

0.1 — 0.1 0.0 6.878 3.166 1.308 11.338 2.201

0.1 — 0.1 0.1 6.970 3.363 1.159 10.682 1.508

0.1 0.0 —0.1 7.168 2.709 0.234 11.385 2.531

0.1 0.0 0.0 7.186 2.708 0.072 11.062 1.805

0.1 0.0 0.1 7.189 2.612 0.105 10.253 1.077

0.1 0.1 - 0 . 1 7.104 2.473 0.968 11.272 2.296

0.1 0.1 0.0 7.036 2.170 — 1.175 10.867 1.628

0.1 0.1 0.1 6.956 1.791 — 1.358 10.013 0.978

1 Experim ental values are [8] : C =  C: 0.0418 i  0 .005 Â, C—H : 0.0681 i  0.005 Â, 
C . . H :  0.0925 ±  0.009 Â.
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T  =  298 °K  in  A  and Ag force constants fo r C2D a

F(33) c=c C— H C ..H c - H H tr— HH gém—HH

1 .6 7 6 .0 4 1 6 .0 6 4 7 .0 8 2 2 .1 3 9 2 .0 9 6 3 .1 0 6 3

1 .4 7 6 .0 4 0 7 .0 6 4 6 .0 8 2 5 .1 4 0 6 .0 9 6 4 .1 0 5 6

1 .4 1 4 .0 4 0 6 .0 6 4 5 .0 8 3 1 .1 4 1 5 .0 9 6 8 .1 0 4 4

1 .6 7 5 .0 4 2 9 .0 6 4 3 .0 8 2 5 .1 4 1 7 .0 9 7 8 .1 0 1 4

1 .4 2 7 .0 4 1 4 .0 6 4 3 .0 8 3 1 .1 4 3 4 .0 9 8 7 .1 0 0 9

1 .3 2 1 .0 4 0 8 .0 6 4 4 .0 8 4 0 .1 4 4 6 .0 9 9 7 .1 0 0 0

2 .1 6 4 .0 4 4 3 .0 6 4 8 .0 8 2 9 .1 4 3 6 .1 0 0 6 .0 9 6 9

1 .9 0 9 .0 4 2 4 .0 6 4 9 .0 8 3 7 .1 4 5 4 .1 0 2 1 .0 9 6 7

1 .7 7 3 .0 4 1 2 .0 6 5 0 .0 8 4 7 .1 4 6 7 .1 0 3 5 .0 9 6 2

1 .7 7 3 .0 4 3 1 .0 6 4 4 .0 8 1 6 .1 3 8 4 .0 9 4 5 .1 0 5 6

1 .5 5 4 .0 4 2 1 .0 6 4 4 0 .8 1 8 .1 3 9 7 .0 9 4 6 .1 0 5 1

1 .4 6 5 .0 4 1 9 .0 6 4 4 .0 8 2 3 .1 4 0 7 .0 9 5 0 .1 0 4 1

1 .6 3 3 .0 4 4 1 .0 6 4 1 .0 8 1 9 .1 4 1 3 .0 9 6 2 .1 0 0 4

1 .3 9 8 .0 4 2 7 .0 6 4 1 .0 8 2 5 .1 4 2 9 .0 9 7 1 .1 0 0 0

1 .3 0 3 .0 4 2 0 .0 6 4 1 .0 8 3 3 .1 4 4 0 .0 9 8 0 .0 9 9 3

1 .9 9 4 .0 4 5 1 .0 6 4 6 .0 8 2 5 .1 4 3 5 .0 9 9 4 .0 9 5 9

1 .7 8 4 .0 4 3 3 .0 6 4 7 .0 8 3 3 .1 4 5 3 .1 0 0 8 .0 9 5 6

1 .6 9 8 .0 4 2 3 .0 6 4 7 .0 8 4 3 .1 4 6 5 .1 0 2 1 .0 9 5 2

1 .9 0 2 .0 4 4 2 .0 6 4 4 .0 8 0 8 .1 3 7 8 .0 9 3 1 .1 0 5 1

1 .6 4 7 .0 4 3 0 .0 6 4 5 .0 8 1 0 .1 3 9 1 .0 9 3 4 .1 0 4 9

1 .5 1 9 .0 4 2 7 .0 6 4 5 .0 8 1 5 .1 4 0 0 .0 9 3 7 .1 0 4 0

1 .6 2 6 .0 4 4 8 .0 6 4 2 .0 8 1 2 .1 4 0 9 .0 9 5 1 .1 0 0 0

1 .3 8 9 .0 4 3 4 .0 6 4 2 .0 8 1 8 .1 4 2 5 .0 9 5 9 .0 9 9 7

1 .2 9 3 .0 4 2 7 .0 6 4 2 .0 8 2 5 1 .4 3 5 .0 9 6 7 .0 9 9 1

1 .8 4 5 .0 4 5 4 .0 6 4 8 .0 8 1 9 .1 4 3 5 .0 9 8 6 .0 9 5 6

1 .6 6 4 .0 4 3 7 .0 6 4 8 .0 8 2 8 .1 4 5 2 .0 9 9 9 .0 9 5 3

1 .6 1 6 .0 4 2 9 .0 6 4 7 .0 8 3 8 .1 4 6 2 .1 0 1 0 .0 9 4 9
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MULTILAYER ADSORPTION FROM LIQUID 
MIXTURES, II

J .  T ó t h

(Industrial Research Laboratory o f Oil and Gas M ining, ISagykanizsa) 

R eceived  Decem ber 6, 1968

B y m eans of a therm odynam ic interpretation of m ultilayer adsorption equivalen t  
to m onolayer adsorption (e.m . adsorption) it  has been shown th a t the contradictions  
resulting from an exclu sive  application of th e  m onolayer adsorption m odel can be 
resolved.

On the basis o f concrete properties o f concrete adsorption system s, i t  has been  
established that the nature o f the concentration distribution in the surface phase  
resulting from e.m . adsorption is o f two types. The first group involves a distribution  
leading to continuous variation  o f the concentration between the surface and hulk  
phases. In these cases, the concentration in each layer of the surface phase exceeds 
th a t in the bulk phase b u t it is o f  decreasing tendency (positive—positive  adsorption). 
The other possibility  is th a t the individual layers o f the surface phase are characterized  
b y  adsorption w ith opposite signs (positive-n egative  adsorption). The interpretation  
of experim ental results taken  from  the literature has led to a generalized explanation  
for the existence o f m ultilayer adsorption which is precisely equ iva len t to  m ono- 
m olecular adsorption.

I t  has been p o in ted  o u t  in  P a r t  I  o f th is  p ap e r [1] th a t  th e  exclusive  
use o f  th e  m ono layer m odel fo r a d so rp tio n  o f  liq u id  m ix tu re s  m a y  lead  to  
c o n trad ic tio n s . T h u s, co m p lica tio n s arise in  connection  w ith  th e  a d so rp tio n  
o f  p a irs  o f  liqu id  (e.g. e th a n o l-w a te r)  fo r w hich  m ono layer a d so rp tio n  is 
im possib le  due to  th e  doubtless p resence o f su rface  association  a n d  H -b o n d in g . 
T h e  ab o v e  co n trad ic tio n  m an ife s ts  i tse lf  w hen  th e  ad so rp tio n  o f  su ch  co m p o 
n e n ts  on  e ith e r  free o r so lid  su rfaces leads to  Г — x  iso th erm s c h a ra c te r is tic  
fo r m o n o lay er ad so rp tio n , a n d  th e  e x tra p o la tio n  o f th e  lin ear sec tio n  y ie ld s  a 
co rrec t va lu e  for th e  specific  su rface  a rea  _F(.F-linear iso therm s). F u r th e rm o re , 
c a lcu la tio n s  lead  to  m u lti-v a lu e d  o r “ o sc illa ting”  Лу2,а vs■ x ' f ree -en erg y  
fu n c tio n s  w ith  lin ea r  iso th e rm s , a fa c t im possib le  to  ex p la in . In  o rd e r  to  
reso lve  th e  above c o n tra d ic tio n s , we h av e  assum ed  th a t  th e  m o n o m o lecu la r 
in d iv id u a l adso rbed  a m o u n ts  Г 1 an d  Г 2 a re  m ixed  w ith  one or m ore  m o lecu la r 
lay e rs  o f  th e  bu lk  ph ase  as a re su lt o f  surface forces due to  s tru c tu ra l p ro p e rtie s , 
such  as association  an d  H -b o n d in g . T hus a m u ltila y e r su rface p h ase  is fo rm ed  
fo r w h ich  th e  ex p e rim en ta lly  o bserved  excess su b stan ce  is th e  sam e as w ith  
m o n o lay er ad so rp tio n . T h is  m u ltila y e r  ad so rp tio n  eq u iv a len t to  m o n o lay e r 
a d so rp tio n  has been n am ed  e .m . (eq u iv a len t m u ltilayer) a d so rp tio n . T h is 
a b b re v ia tio n  will be u sed  th ro u g h o u t th is  p ap e r.
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T h e  notion  o f  e .m . a d so rp tio n  has b een  fo rm u la te d  b y  m eans o f  m ass 
b a la n c e - ty e  equations, th e re fo re , i t  is now n ecessa ry  to  give a th e rm o d y n am ic  
t r e a tm e n t ,  too . T he th e rm o d y m a n ic  c o n tra d ic tio n s  described  in  P a r t  I  can 
o n ly  b e  resolved in  a ll d e ta ils  as a resu lt o f  su ch  ana ly sis .

1. Therm odynam ic interpretation o f e .m . adsorption

I t  has been show n  in  P a r t  I  th a t  th e  ch an g e  in  th e  surface free-energy

Лу2,с =  У2,о -  У (1)

ca n  b e  calcu lated  fro m  th e  follow ing e q u a tio n :

^ y 2,o =  R T  [hX — —  d  In ( / x *) (2)
Jo 1 — *

o b ta in e d  b y  in te g ra tio n  o f  th e  Gibbs e q u a tio n . I t  has also been p o in ted  ou t 
t h a t  in  m u ltilay er a d s o rp tio n  th e  excess ad so rb e d  a m o u n t Г  is a sum  o f th e  
co rresp o n d in g  excesses Г п fo r  all layers, i.e.

Г  =  Г х +  . . .  +  Г п . (3)

C o n seq u en tly , E q . (2) m a y  also be w ritte n  as a  sum :

rf,x Г 1 г /i* Г п
Л y2 f i= R T \  —  -------d in  СЛ * ) + . . .  +  R T \  ----------- d In ( / j  x ) . (4)

Jo 1 -- * Jo 1 — x

S in ce  th e re  is an  excess su b s ta n c e  in  each la y e r  (Г 1......... Г п), th e  above in teg ra ls
g iv e  th e  free-energy  ch an g es  for th e  in d iv id u a l lay e rs , an d  E q . (4) can  b e  
re g a rd e d  as if  th e  G ib b s e q u a tio n  (2) w ere ap p lie d  to  each  lay e r. C onsequen tly

Л у 2,а =  ЛУг,1 +  . . . +  А у 2 п , (5)

w h e re  for doub le -lay er a d so rp tio n  (n =  2)

d y 2,i =  Угд — УI 

^У2,2 =  У2,2 — У2 •
(6)

In  E q . (6) y2tl a n d  y 22 are  th e  su rface  free-energ ies fo r th e  f i r s t  and  
seco n d  layers, re sp e c tiv e ly , of pure  co m p o n en t 2, y x an d  y2 are  th e  surface 
free-energ ies of th e  f i r s t  a n d  second lay e rs , re sp e c tiv e ly , o f th e  m ix tu re  w ith  
a n  a c tiv ity  of =  f xx .
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I t  follows from  E q . (5) t h a t  th e  su rface energ ies y  (surface tensions) 
m u s t be ad d itiv e  since E q s (1), (5) and  (6) ho ld  on ly  i f

У =  УI +  У 2 

Уг,о =  Уг, 1 “Ь У2,2 •
(? )

Sim ilar e q u a tio n s  are  o b ta in e d  for co m p o n en t 1 ex cep t th a t  d y i f i  is 
o b ta in e d  from  E q s  (2) a n d  (4) b y  m eans o f in te g ra tio n  be tw een  / j *  =  1 an d  
/ tx. T h u s

ЛУ1,о =  У1,о — У =  Ayi,i  + .  . • +  ЛУип (8 )
an d

Á V it  =  Угд -  У1 

А У 1,2 =  У 1,2 -  У2 

У 1,0 =  У1Д +  У 1,2 •

O n th e  basis  o f  th e  a d d it iv i ty  of surface energ ies a n d  th e  g enera lization  
o f th e  H i l d e b r a n d  th e o ry  o f  m onom ulecu lar a d so rp tio n  (2) i t  is now  possib le 
to  fo rm u la te  th e  gen era l th e rm o d y n a m ic  re la tio n sh ip s  fo r e. m . ad so rp tio n .

As a re su lt o f  th e  e q u a lity  o f chem ical p o te n tia ls  in  th e  b u lk  an d  su r
face phases for a  m o n o m o lecu la r lay e r, one m a y  w rite  fo r  a b in a ry  sy stem :

/ i * = / i * '  a n d  / 2(1 — * ) = / § ( 1 ( 9 )

w here and  f 2 a re  th e  ra tio n a l a c tiv ity  coefficien ts o f  th e  com ponen ts (ca l
c u la te d  or m easu red  on  th e  basis  o f re la tio n sh ip s  v a lid  fo r reg u la r m ix tu res), 

f i  a n d  /2  are th e  a c t iv i ty  coeffic ien ts in  th e  b o u n d a ry  ph ase . A ccording to  
H i l d e b r a n d ,  th e  la t te r  m a y  be  w ritte n  as

( 10)

B y  in se rtin g  E q . (10) in to  E q . (9), one o b ta in s

^У},а — Piß ~  У — ~Z~~ JT T T , U 1)
ф 1 f i *

o r fo r com ponen t 2

Л.. ___ R T  i_ /2 (!  -  *) /,оч
л 7г,о — У 2 ,o У — - ln  —  —  > (12)

ф г f Á  1 —*)

w here f i x '  and  / г ( 1 — x ' )  a re  th e  ac tiv itie s  o f th e  co m p o n en ts  in  th e  su rface  
p h ase  w ith  resp ec t to  a f ic tiv e  reference s ta te  in  w hich , in s te a d  o f y uo an d
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y2i0, th e  su rface  ten sio n  (su rface  free-energy ) of th e  p u re  co m p o n en ts  w ould 
b e  e q u a l to  y.

T h ese  considera tions p e rm it  fu r th e r  sp littin g  of E q . (10):

fo f* (Yi ,o y ) Ф1 YiF] Ф |i f = f f  exp  ' e x p -----------— — . (13)
L R T  L R T  \

U p o n  in se r tin g  E q . (13) in to  E q . (9), one o b ta in s

A y i,G =  ~ ~ ln  ~ y  +  A F X. (14)
Ф1 f i  x

S im ila r ly , fo r com ponen t 2

. R T  / 2 ( 1 — x)
<dy2 G —  --------- I n -------------------------- b  ^ F 2 . ( 1 5 )

' m  i - * ' )

I n  th e  ab o v e  eq u a tio n s / *  a n d  f *  a re  th e  ra tio n a l a c tiv ity  coeffic ien ts  o f th e  
tw o  co m p o n en ts  m easu red  (o r c a lc u la ted ) a t  c o n c e n tra tio n  x ' , f * x ' ,  and  
/ 2*(1 -  * ')  are th e  ac tiv itie s  o f  th e  co m p o n en ts  in  th e  bulk  p h a se  i f  te  con
c e n tr a t io n  in  th is  phase  w ould  be e q u a l to  x ' . T hus th e  f irs t  te rm s  in  th e  rig h t- 
h a n d  s id e  o f E qs (14) — (15) a re  exc lu siv e ly  tho se  free-en erg y  changes asso
c ia te d  w ith  th e  tra n s fe r  o f th e  co m p o n en ts  from  a m ed iu m  o f co n cen tra tio n  
X in to  a n o th e r  w ith  x \  b u t  w ith o u t a n y  changes o f  th e  ra tio n a l a c t iv i ty  coeffi
c ie n ts  a t  co n cen tra tio n  x '  d u e  to  th e  e ffec t o f surface forces. T h e  free-energy  
c h a n g e s  associated  w ith  th e  l a t t e r  e ffec t a re  d eno ted  b y  A F X a n d  AF%. A ccord
in g  to  th e  above co n sid e ra tio n s , o b v io u sly

^ 1 = « L b &  (i6 )
<s, /■'

an d

(17)
Ф2 Л

T h e  ch an g e  of th e  r a tio n a l a c t iv i ty  coefficients m easu red  a t  co n cen tra tio n  
x ' ( f *  a n d /* )  due th e  effect o f  su rface  forces in  case o f monolayer  ad so rp tio n  
is  a sso c ia te d  w ith  a free-en erg y  change e x a c tly  equal to  A F X a n d  A F 2. O n th e  
o th e r  h a n d , th e  basic  c o n cep t o f  th e  th e rm o d y m an ic  re la tio n sh ip s  fo r e.m . 
a d s o rp tio n  is th a t  only a fra c t io n  o f  free-energy  changes A F x a n d  A F 2 is due 
to  ch an g es  in  th e  a c t iv i ty  coeffic ien ts , th e  rem ain d er b e in g  cau sed  b y  th e  
fo rm a tio n  o f several ad so rb ed  lay e rs  as a  re su lt o f m ass tra n s p o r t  due  to  th e  
v a r ia t io n  of у  w ith  th e  d e p th  o f th e  b o u n d a ry  phase. C o n seq u en tly ,

z lF , =  J F f  +  A F [ ,  (18)
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w here A F i  a n d  A -Ff a re  th e  free-energy  chan g es o f com ponen t 1 d u e  to  th e  
v a r ia tio n  o f  th e  coeffic ien t an d  th e  in c rease  o f  th e  adsorbed  p h a se , re sp e c 
tiv e ly . T h u s  th e  basic th e rm o d y n am ic  re la tio n sh ip  for e.m . a d so rp tio n  is

an d

a Yi ,o =  ln  “ 7  +  A F i +  A F f 
Ф1 J * x

(19)

А Уг.с = 4 г  1П + A F + AF?'
фг f * (  1 - * )

( 20 )

A m ore  general form  o f E q s  (19) — (2) is  o b ta in e d , if  th e  H i l d e b r a n d  

prin c ip le  fo r m onom olecu lar lay e rs  as well as th e  sp littin g  acco rd in g  to  E q . 
(13) are  ap p lied  to  each  lay e r se p a ra te ly . I n  th is  w ay , th e  fu ll free -en erg y  
change o f  th e  m u ltila y e r ad so rp tio n  p h ase  can  be  ca lcu la ted  b y  m ean s  o f  th e  
su m m ing  p ro ced u re  used  w ith  E q s (5) an d  (8). I f  th e  calcu la tion  is p e rfo rm e d  
for d o u b le -lay e r a d so rp tio n , one o b ta in s  t h a t

+  ( 21 )
<*>i f * i  x 'i <l\ / .% * '

and

A F ? = ™ -  In + Æ L l n Â ( ^ L ,  (22)
Ф2 f t ! ( l -* i )  Ф2 Я2( 1 - ^ ) ’

w h e r e /1;1 a n d / * 2 are th e  ra tio n a l a c tiv ity  coeffic ien ts  m easured  a t  c o n c e n tra 
tio n s x[ a n d  x 2. re spec tive ly .

T h u s th e  free-energy  change asso c ia ted  w ith  th e  expansion  o f  th e  a d 
so rbed  p h ase  is com posed o f tw o te rm s. As a re su lt o f e.m . a d so rp tio n , co n 
c e n tra tio n  x '  is rep laced  b y  x[ an d  to  th is  is ad d e d  th e  energy ch an g e  d u e  to  
th e  fo rm a tio n  o f  a new  (second) layer.

On th e  basis o f th e  above th e rm o d y n a m ic  re la tio n sh ip s  i t  is now  possib le  
to  a t te m p t  th e  in te rp re ta tio n  and  d esc rip tio n  o f  e .m . adsorp tion  in  co n c re te  
system s.

2. In te rp re ta tio n , description an d  g en e ra liza tio n  o f e.m . a d so rp tio n  
from  liquid m ix tu res in  concre te  system s

In  a d d itio n  to  e stab lish ing  th e  ex is ten ce  o f  e .m . adso rp tio n , th e  m o s t 
im p o r ta n t o b jec tiv e  in  th is  co n tex t is to  m ak e  an  a t te m p t  a t d e te rm in in g  th e  
c h a ra c te r  o f  th e  x \  — x'2 co n cen tra tio n  d is tr ib u tio n . I t  should be m e n tio n e d  
th a t  w hile we h av e  a rriv ed  a t  th e  h y p o th es is  o f  e .m . adso rp tio n  as a r e s u l t  o f  
observed  fa c ts , we can on ly  m ake a ssu m p tio n s  as fa r  as th e  c o n c e n tra tio n
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d is t r ib u tio n  in  e.m . a d so rp tio n  is concerned . H ow ever, in  th e  su b se q u e n t 
sec tio n  w e in te n d  to  show  th a t  these  a s su m p tio n s  are  based  on , a n d  follow  
fro m , co n cre te  p h y sica l p ro p ertie s  of co n c re te  ad so rp tio n  system s.

F ir s t ,  we shall ex am in e  th e  d a ta  co n cern in g  th e  ty p e  IV  F - lin e a r  iso th e rm  
fo r th e  b e n z e n e -e th a n o l-c h a rc o a l  (720 m 2/g  )sy s te m  availab le  from  th e  p a p e r  
b y  N a g y  an d  S c h a y  [2]. T h e  “ oscilla ting”  free -en erg y  function  fo r th is  sy stem  
is sh o w n  in  F ig . 4 o f  P a r t  I  in  th is  series. T h e re  is no b e tte r  w ay  to  reso lve

Fig. 1. In terpretation  o f the b en zene-ethan ol—charcoal (720 m2/g) isotherm  
b y  m eans of double-layer adsorption

th is  th e rm o d y n a m ic  c o n tra d ic tio n  th a n  to  a c c e p t th e  ex istence o f  e .m . a d so rp 
t io n  w h ich  req u ires  a su rface  phase of v a r ia b le  com position  even in  th e  lin ea r  
sec tio n .

T h e  m ost p ro b a b le  co n cen tra tio n  d is tr ib u tio n  in  e.m . a d so rp tio n  is 
d e r iv e d  from  th e  p h y s ica l p roperties o f  th e  sy stem . T here is a s ig n if ican t 
d iffe ren ce  in  p o la r ity  b e tw een  th e  tw o liq u id  com ponen ts b u t  th e  p o la r ity  of 
th e  so lid  surface m a y  be  reg ard ed , th o u g h  o n ly  ap p ro x im ate ly , as id e n tic a l 
w ith  t h a t  o f one o f  th e  com ponen ts. T h ere fo re , i t  is assum ed th a t  on  th e  slig h tly  
p o la r  h y d ro p h o b ic  ch a rco a l surface b en zen e  is  su b jec ted  to  po sitiv e  a d so rp tio n  
a t  a n y  com position  o f  th e  m ix tu re  since th e  l a t t e r  is also u n p o la r  a n d  h y d ro 
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p h o b ic . C onsequen tly , th e  m ore po lar an d  h y d ro p h ilic  e th an o l is expelled  in to  
th e  second lay e r w here  i t  is accu m u la ted .

O n th e  basis  o f  th e  m ass tra n s p o r t  m ech an ism  d iscussed  in  P a r t  I  [1] 
th is  m a y  be exp ressed  b y  s ta tin g  th a t  u n d e r  th e  in fluence  o f  u n p o la r  surface 
forces th e  liqu id  co m p o n en ts  o f opposite  p ro p e rtie s  a re  m ixed  in  th e  surface 
p h ase  in  such a  m a n n e r  t h a t  th e re  is po sitiv e  a d so rp tio n  o f th e  ap o la r com po
n e n t on  th e  ap o la r su rface  a t  an y  com position .

Fig. 2. Free-energy fun ctions calculated from the benzene-cthan ol-ch arcoal (720 m2/g) 
isotherm  for m onolayer and double-layer adsorption

M ath em atica lly , th is  co n cen tra tio n  d is tr ib u tio n  m ean s th a t  th e  fu n c tio n  
x[ — X never in te rse c ts  th e  x =  x diagonal (cf. F ig . 1), i.e. i t  is a lw ays tru e  
t h a t  x[ >  x. One o f  the possible xv — x re la tio n sh ip s  b ased  on th is  p ic tu re  is 
show n in  Fig. 1.

O n th e  basis o f th is , i t  is possible to  ca lcu la te  th e  x% — x, Г 1 — *  an d  
Г 2 — X func tions fo r e .m . a d so rp tio n  using  th e  e q u a tio n s  g iven in  P a r t  I  [1] 
(с /. F ig . 1). F u rth e rm o re , one can d e te rm in e  th e  free-energy  fu n c tio n s  o f th e  
in d iv id u a l layers (cf. F ig . 2) w hose th e rm o d y n am ic  re a li ty  is b ey o n d  d o u b t.
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T h e  conclusions d raw n  fro m  th is  concre te  exam ple  m a y  also be  gen era l
ized . A ccord ing  to  th e  d a ta  in  T ab le  I  ta k e n  from  th e  l i te ra tu re , ty p e  IV  iso
th e rm s  a re  observed exclusively  u n d e r  p o la r ity  co n d itions w h ich  a re  id en tica l 
w ith  th o s e  in  th e  benzene—e th a n o l—charcoal sy stem .

Table I

Type I V  isotherms with positive-negative adsorption

Liquid components Solid surface
Free surface Litera

tureSlightly polar Polar Slightly polar Polar

B en zen e  (1) E th a n o l (2) C harcoal [2]
B en zen e  (1) A cetic acid  (2) C harcoal [4]
B en zen e  (1) P ropano l (2) C harcoal [4]
B en zen e  (2) E th an o l (1) A lum in ium

oxide [4]
C arb o n  t e t r a 

c h lo rid e M ethanol (2) C harcoal [5]
B en zen e  (2) E th an o l (1) Silica gel [6]
B en zen e  (1) M ethanol (2) C harcoal [2]
B en zen e  (2) M ethanol (1) F ree  surface [7]

A s a ru le, th e  p o s itiv e  ad so rp tio n  of th e  co m p o n en t (d en o ted  b y  (1) in  
T a b le  I)  whose p o la r ity  is  a p p ro x im a te ly  id e n tic a l w ith  t h a t  o f th e  solid 
su rfa c e  is  m uch s tro n g er ( it is p re se n t in  w ider co n c e n tra tio n  an d  Г  in te rv a ls)  
th a n  th e  n egative  a d so rp tio n  o f  th e  sam e co m p o n en t. I t  is d iff icu lt to  ex p la in  
th is  c h an g e  in  th e  sign on  th e  basis  o f th e  m o n o lay er m odel, th e re fo re , in  
o u r  o p in io n , a m ore rea lis tic  a ssu m p tio n  is th a t  th e  a d so rp tio n  o f th e  co m p o n en t 
w h o se  p o la r ity  is s im ila r to  t h a t  o f  th e  su rface  does n o t change its  sign b u t  
th is  co m p o n en t is a lw ays n e g a tiv e ly  adso rbed  in  th e  second la y e r . T h e  ex p e r
im e n ta l ly  observed ty p e  IV  iso th e rm  is a re su lt o f  th e  a d d itio n  o f th e se  tw o  
k in d s  o f  ad so rp tion . T h is p h y s ic a l p ic tu re  m a y  be ju s tif ie d  an d  genera lized  also 
b e c a u se  all iso therm s in  T a b le  I  a re  F - lin ear, co n seq u en tly , th e  th e rm o d y n a m ic  
u n r e a l i ty  o f m onolayer a d so rp tio n  d e m o n s tra te d  above is t r u e  in  th e se  cases.

N a tu ra lly , th e  p o la r i ty  co n d itions p rev a ilin g  in  th e  cases show n in 
T a b le  I  a re  possible n o t o n ly  w ith  ty p e  IV  iso th e rm s. T he d a ta  show n in  T able I I  
in d ic a te  th a t  on th e  basis o f  s im ila r  physica l ev idence , one m ay  assum e doub le
la y e r  p o sitiv e -n eg a tiv e  a d so rp tio n  w ith  severa l ty p e  I I I  a n d  У  iso th e rm s.

T h e  n e x t concrete  sy s te m  w hose p ro p ertie s  also p e rm it u sefu l gen era liza 
t io n s  is  th e  ty p e  I I I  e th a n o l-w a te r  free su rface  iso th e rm  [8]. T h is is  s im ilar 
to  th e  b e n z e n e -e th a n o l-c h a rc o a l sy stem  due to  i ts  s tr ic t  T -lin e a r ity . A ccord ing  
to  th e  calcu lations o f  N a g y  a n d  S c h a y  [ 2 ] ,  x '  rem ains u n c h a n g e d  in  th e  
c o n c e n tra tio n  in te rv a l o f  x  —  0.2 — 0.4.
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Table II
Various types o f  isotherms with positive-negative adsorption

L iq u id  com ponen ts Solid  su rface
T y p e  a n d  l in e a r i ty  

o f th e  iso th e rm
L ite r a 

tu reA p o lu r o r  s lig h tly  
p o la r P o la r S lig h tly  p o la r P o la r

C yclohexane (2) Pyrid ine A lum inium
oxide I I I ,  / '’-lin ear [7]

B enzene (1) M ethyl ace ta te  (2) C harcoal V, n o t lin e a r 12]
C hloroform  (1) A cetone (2) C harcoal V, n o t lin e a r [2]
B enzene (2) re-Butanol (1) Silica gel I I I ,  jF -linear [4]
B enzene (2) n -B u tan o l (1) A lum inium

oxide I I I ,  .F -linear [6]

T his is su rp rising  a t  f i r s t  s ig h t since th e  surface asso c ia tio n  o f  b o th  
co m p o n en ts  can  be reg a rd ed  as a fa c t due to  th e  an o m aly  o f  th e  E ö tv ö s  
c o n s ta n t. T h u s m ono layer a d so rp tio n  c an n o t be  exp la ined  now  e ith e r  th e r 
m o d y n am ica lly  or b y  o th e r  p h y sica l reasons. T h e  co n stan cy  o f  th e  su rface  
p h ase  com position , w hile th e  b u lk  c o n c e n tra tio n  is doub led , is in ex p licab le . 
O n th e  o th e r  h an d , th e  sh ap e  o f  th e  Лy2,a vs. x ' free-energy  fu n c tio n  show n 
in  F ig . 4 , accord ing  to  w hich  th e  su rface  free-energy  is m u lti-v a lu ed  a t  c o n s ta n t 
su rface  ph ase  com position  is im possib le  to  in te rp re t .  T he re so lu tio n  o f  th e  
c o n tra d ic tio n s  is again  possib le  b y  m eans o f th e  e.m . a d so rp tio n . T h e  x i  — x% 
c o n c e n tra tio n  d is tr ib u tio n  is p ro b a b ly  d iffe ren t from  th a t  fo r th e  p re v io u s ly  
d iscussed  sy stem . H ere , b o th  co m p o n en ts  are  o f  id en tica l s tru c tu re  (p o la r  an d  
h y d ro p h ilic ) b u t  no solid su rface  cap ab le  o f  m od ify ing  th e  in te ra c tio n  o f  th e  
co m p o n en ts  is p resen t. T h erefo re , i t  is co m p le te ly  un like ly  th a t  a d so rp tio n  o f 
o p p o site  signs w ould occur w ith  com ponen ts o f  sim ilar p o la rity  a n d  s tru c tu re . 
T h u s  th e  m o st p robab le  x [  v a lu e  fo r th e  f irs t  la y e r  is a tta in e d  u n d e r  co n d itio n s  
w hen  x ' x[ f> x t X. A t th e  sam e tim e  th e  rea l free-en erg y  fu n c tio n  
(w hich  is single valu ed  in  each  p o in t) does n o t p e rm it a c o n s ta n t in te rv a l  in  
th e  x i  —■ x  fu n c tio n . One o f  the possible x[ — x  re la tio n sh ip s  u n d e r  th e se  
co n d itio n s  is  show n in  F ig . 3. T h e  re s t  o f th e  d a ta  have been c a lc u la te d  using  
th e  e q u a tio n s  given in  P a r t  I  a n d  a re  show n in  Figs 3 an d  4.

I t  can  be seen from  th e  above th a t  th e  x{ x  d is tr ib u tio n  en su re s  a 
c o n tin u o u s  tra n s itio n  o f  th e  co n c e n tra tio n  to w ard s  th e  b u lk  liq u id  since  th e  
x{ x^~f> x  re la tio n sh ip  ho lds th ro u g h o u t th e  w hole series o f  m ix tu re s . 
In  th e  lig h t o f  th e  m ass t r a n s p o r t  m echan ism , th is  phenom enon  can  be  d e sc rib 
ed  b y  s ta tin g  th a t  a c o n tin u o u s  tra n s it io n  b e tw een  th e  surface an d  th e  b u lk  
p h ases  is es tab lish ed  as a re su lt o f  m ass exchange due to  th e  s tru c tu re s  o f 
th e  tw o  com ponen ts w hich  en ab le  th e m  to  un d erg o  association  a n d  H -b o n d in g .

I t  shou ld  be em phasized  th a t  w hile th e  a ssu m p tio n  o f  e .m . a d so rp tio n  
is a consequence  o f fa c tu a l ev idence , o n ly  assu m p tio n s can  be m ad e  a b o u t th e
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F ig . 3. Interpretation o f th e  ethanol-w ater free-surface isotherm  by m eans of double-layer
adsorption

F ig . 4 . Free-energy fu n ctio n s calculated from th e  e th an o l-w ater  free-surface isotherm  
for m onolayer and double-layer adsorption
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n a tu re  o f  th e  x[ — x'% d is tr ib u tio n . H ow ever, th is  a ssu m p tio n  m ay he  close  to  
re a lity  since th u s , sim ila rly  to  th e  ty p e  IV  iso th e rm s , th o se  w ith o u t a s ig n -ch an g e  
can  be  in c lu d ed  in to  a un ified  p ic tu re . T h is u n i ty  is m an ifested  b y  th e  lack  
o f  sign ifican t d ifferences in  p o la r ity  be tw een  liq u id  com ponen ts in v o lv ed  in  a 
la rge  g roup  o f  iso th e rm s ch a rac te rized  b y  p o sitiv e  ad so rp tio n . This s ta te m e n t  
receives s u p p o r t from  th e  d a ta  in  T ab le  I I I  in  w h ich  we show iso th e rm s  fo r

Table III

Isotherms with no change of sign and with p o sitive-positive  adsorption

L iq u id  co m p o n en ts Solid surface
F re e  su rface

T y p e  and l in e a rity  
o f the  iso th erm

L ite r a 
tu r e

P o la r P o la r S lig h tly  p o la r

Acetic acid Water Charcoal III, jF-linear [4]
Pyridine Water Charcoal III, jF-linear [4]
Ethanol Water Charcoal III, F-linear [2]
Acetone Water Free surface III, F-linear [7]
Methanol Water Free surface II, F-Iinear [7]
Ethanol Methanol Free surface I, not linear [7]
Ethanol Water Free surface III, JF-linear [8]

liqu id  p a irs  n o t d iffering  s tro n g ly  in  p o la rity . T h e  p o la r ity  of the  solid su rface  
d iffers from  th a t  o f  th e  liqu ids b u t  a t  th e  sam e tim e  th e  s tru c tu re  of th e  liq u id s  
fac ilita te s  a ssoc ia tion  an d  H -bo n d in g , re su ltin g  in , a lm o s t ce rta in ly , m u lti la y e r  
a d so rp tio n . S im ila rly  to  th e  e th an o l-w a te r  free -su rface  system , a c o n tin u o u s  
tra n s it io n  from  th e  su rface  to  th e  b u lk  c o n c e n tra tio n  is assum ed (p o s it iv e 
positive  ad so rp tio n ).

I n  T ab le  IV  we h av e  show n iso th erm s fo r l iq u id  p a irs  o f nearly  id e n tic a l 
u n p o la r  c h a ra c te r  w hich , due  to  th e ir  s tru c tu re , a re  u n a b le  to  H -b o n d in g  a n d  
e lim in a te  th e  possib ility  o f  a surface force fie ld  en su rin g  con tinuous tra n s i t io n , 
th e re fo re , m o n o lay er a d so rp tio n  is ce rta in  in  th e se  cases.

T h e  th e rm o d y n a m ic  d esc rip tio n  o f e .m . a d so rp tio n  an d  its  ap p lic a tio n  to  
th e  ab o v e  co n cre te  system s p e rm it to  su m m arize  w h y  an d  how m u lt i la y e r  
a d so rp tio n  occurs w hich  is p rec ise ly  e q u iv a len t to  m onom olecu lar a d so rp tio n .

T h e  su rface  forces o p e ra tiv e  inside th e  b o u n d a ry  phase  m ay a n d  m u s t  
be  d is tin g u ish ed  w ith  re sp ec t to  th e ir  effect cau s in g  co n cen tra tio n  ch an g es . 
T he so lid -liqu id  c o n ta c t o f th e  f i r s t  lay e r ensures th e  fo rm a tio n  of a new  su rfa c e  
w hich is b y  severa l o rders o f m ag n itu d e  la rg e r th a n  th e  free surface. T h e re fo re , 
th e  m olecules in  th is  lay e r m ay  com e on ly  fro m  th e  b u lk  phase. T h u s  i t  is 
in d isp u ta b le  t h a t  th e  a d so rp tio n  o f  th e  f ir s t  la y e r  re su lts  in c o n c e n tra tio n  
changes in  th e  h u lk  phase , as considered  b y  G i b b s . O n th e  o ther h a n d , th e re  
is no new  su rface  fo rm a tio n  betw een  th e  solid su rface  fu lly  covered b y  th e  
f irs t la y e r  an d  th e  bu lk  phase , an d  th e re  is o n ly  liqu id -liqu id  interaction. T h is
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Table I

Isotherms with no change of sign and w ith positive  monolayer adsorption

L iq u id  com ponen ts Solid  su rfa c e
T y p e  a n d  l in e a r i ty  o f  th e  

iso th e rm
L ite ra 

tu re
A p o la r  o r  s lig h tly  p o lar A p o la r

S ligh tly
p o lar P o la r

Toluene n-Heptane Aluminium oxide II, F-linear [7]
Toluene n-Heptane Silica gel II, F-linear [7]
Benzene Cyclohexane Soot I—II, nearly

F -linear H]
1,2-Dichloroethane Benzene Silica gel I, not linear [2]
1,2-Dichloroethane Benzene Aluminium oxide I, not linear [2]
Benzene Cyclohexane Silica gel I—II, nearly

F-linear [7]
Benzene n-Heptane Aluminium oxide II, F-linear [7]
Benzene n-Heptane Silica gel II, .F-linear [71

m a y  b e  m odified  b y  th e  presence o f  th e  so lid  surface re la tiv e  to  th e  m olecu lar 
in te ra c tio n s  in  th e  b u lk  phase . H ow ever, th e  ran g e  of such in te ra c tio n s  (a few 
m o le c u la r  d iam eters) is  n o t changed  b y  th e s e  effects w hich a re  also  w ith o u t 
in f lu e n c e  on th e  g enera l ru les o f liq u id  a d so rp tio n , accord ing  to  w h ich  th is  
in te r a c t io n  occurs in  such  a m an n e r t h a t  th e  m u tu a l d isp la c e m e n t o f th e  
c o m p o n e n ts  ta k e s  p lace  a t  fu ll coverage. M u tu a l d isp lacem ent as a  re su lt of 
sh o r t- ra n g e  in te ra c tio n s  can  lead  o n ly  to  a s itu a tio n  w here  th e  in te ra c tio n  
b e tw e e n  th e  solid su rface  covered  w ith  a m onom olecu lar la y e r  a n d  th e  b u lk  
p h a s e  does n o t cause a n y  co n c e n tra tio n  ch an g es in  th e  la t te r .  O n th e  basis 
o f  th e s e  co n sid era tio n s we h av e  su b d iv id e d  th e  surface forces in to  tw o  groups. 
T h e  re s u l t  o f th e  so-called  “ f irs t o rd e r”  fo rces  is th e  fo rm a tio n  o f  a monomo
lecular  so lid -liqu id  b o u n d a ry  surface w h ich  p la y s  an  exclusive role in  chang ing  
th e  c o n c e n tra tio n s  in  th e  b u lk  ph ase  a n d  in  accu m u la tin g  an  excess su b stan ce  
in  th e  surface p h ase . T he so-called “ seco n d  o rd e r”  forces a c t b e tw een  th e  
so lid  su rface  covered  w ith  a m o n o m o lecu la r layer an d  sev e ra l m olecu lar 
la y e rs  o f  th e  b u lk  p h ase , an d  u su a lly  a re  d u e  to  H -b o n d in g , asso c ia tio n , 
p o la r -a p o la r  c h a ra c te r , e tc . These forces do n o t  re su lt in  c o n c e n tra tio n  changes 
in  th e  b u lk  phase. O bv iously , th e  m ass ex ch an g e  leading to  e .m . a d so rp tio n  is 
d u e  to  “ second o rd e r”  su rface forces, th e  necessary  free -en erg y  o r excess 
fre e -e n erg y  being  su p p lied  as A F  f  a n d  AF%  o f  E qs (21) a n d  (22). In  o th e r  
w o rd s , m ass exchange d is tr ib u te s  th e  su rfa c e  free-energy ch an g e  fo r  a single 
a d s o rb e d  lay e r am ong  severa l lay e rs  (cf. E q s  (4), (5), (8), (19), a n d  (20)). 
N a tu ra l ly ,  i f  th e re  a re  no “ second o rd e r”  su rface  forces n ecessa ry  to  b rin g  
a b o u t  m ass tra n s p o r t  (e.g. th e  iso th e rm s in  T ab le  IV), a c tu a l m o n om olecu la r 
a d s o rp tio n  tak es  p lace . T h is can  be in te rp re te d  on a co n cre te  ex am p le . T he 
a s su m e d  p o sitiv e -n eg a tiv e  ad so rp tio n  in  th e  b en zen e -e th an o l—ch arco a l system
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is e q u iv a le n t to  a m o n om olecu la r ad so rp tio n  because th e  m o n o m o lecu la r 
am o u n ts  7 \  an d  Г 2 a rriv in g  from  th e  b u lk  p h ase  a re  m ixed  w ith  one  o r perh ap s 
m ore lay e rs  o f  th e  la t te r  as a re su lt  o f  h ig h er “ a ff in ity ”  o f th e  h y d ro p h o b ic  
su rface  to w ard s  th e  h y d ro p h o b ic  liq u id  co m p o n en t.

T h e  above co nsidera tion  can  be  su m m arized  in  a single p h ra se . The 
excess m ass in  th e  b o u n d a ry  p h ase  is due to  “ f ir s t  o rd e r”  su rface  forces (m o
n om olecu la r ad so rp tio n ) w hile th e  “ second o rd e r”  forces, i f  a n y , d is tr ib u te  
th is  excess am ong  several lay e rs . I t  is also possib le to  ap p ly  th is  co n cep t to  
a d so rp tio n  on free surfaces w ith  th e  obv ious m od ifica tio n  th a t  th e  su rface 
a rea  rem ain s u n ch an g ed  d u rin g  a d so rp tio n . I f  i t  is accep ted  t h a t  th e  ex p e ri
m e n ta lly  o b servab le  m ass tra n s fe r  b e tw een  th e  b u lk  an d  su rface  phases  is 
a lw ays m onom olecu lar, i t  shou ld  also be accep ted  th a t ,  o f n ecess ity , m u l
ti la y e r  liq u id  a d so rp tio n 'a lw a y s  occurs in  th e  e .m . form  as a re s u lt  o f  th e  
described  m echan ism  o f m ass tr a n s p o r t .  T hese s ta te m e n ts  a re  n o t  v a lid  if  
th e  tra n s p o r t  o f an y  co m p o n en t is h in d e red  b y  ch em iso rp tio n  (m olecu lar 
sieves). In  such  cases, i f  m u ltila y e r a d so rp tio n  does occur, i t  c a n n o t be  o f  th e  
e.m . ty p e , i.e. th e  m u ltilay e r iso th e rm  m u s t be d iffe ren t from  th e  m o n o lay er 
one. T h is is su p p o rted  b y  ex p e rim e n ta l ev idence since Г  — x  iso th e rm s  d iffe r
e n t from  th e  m ono layer ty p e  a re  o n ly  o bserved  in  system s w here i t  is d o u b tle ss  
th a t  ch em iso rp tio n  or m o lecu lar sieve effects a re  invo lved .

I t  follow s from  th e  above co n sid e ra tio n s  th a t ,  a p a r t  from  c e r ta in  ex 
cep tio n s, th e  Г  — x  iso therm s w h ich  h av e  a lin ea r  section  can  o n ly  be  .F-linear. 
T h erefo re , in  our opin ion , F -lin ea rity  is not a property characteristic on ly  o f  
m onomolecular adsorption but a more general tra it o f  adsorption fr o m  liquid  
m ixtures. T h is s ta te m e n t re flec ts  th e  fa c t m en tio n ed  in  P a r t  I  t h a t  F - l in e a r i ty  
is a n ecessa ry  b u t  n o t a su ffic ien t co n d itio n  fo r m ono layer a d so rp tio n .

F in a lly , i t  is necessary  to  p o in t o u t t h a t  a lth o u g h  th e  ab o v e  s ta te m e n ts  
an d  th e  classifica tion  show n in  T ab les  I  — IV  are con sis ten t w ith  th e  genera l 
p h y sica l p ic tu re  o f e.m . a d so rp tio n , i t  is possib le  th a t  th ese  co n d itio n s  w ill 
h av e  to  be m odified  as th e  a m o u n t o f  av a ilab le  in fo rm atio n  in c reases . F o r 
ex am p le , i t  is n o t a t  all ce rta in  t h a t  th e  co n tin u o u s tra n s itio n  in  th e  c o n c e n tra 
tio n s  b e tw een  th e  b o u n d a ry  a n d  b u lk  phases (p ositive-positive  a d so rp tio n ) 
is due  to  e x a c tly  tw o layers. I t  is also im possib le  to  p rove  th e  n u m b e r  o f  lay ers  
in v o lv ed  in  po sitiv e-n eg a tiv e  a d so rp tio n . M odifications m ay  becom e n ecessa ry  
also w ith  re sp ec t to  th e  su b d iv is io n  g iven  in  T ab les I —IV , b ecau se  m ore 
d e ta iled  ph y sica l s tud ies on a g iven  sy stem  m a y  p rov ide  ev idence fo r “ -f- —”  
a d so rp tio n  in  cases w here “  +  +  ”  a d so rp tio n  h as  been  assum ed, o r co n v erse ly .

T h e  p u rp o se  o f th e  above co m m en ts  w as to  p o in t o u t th a t  th e  p re se n t 
s ta te  o f  o u r know ledge p e rm its  o n ly  th e o re tic a l conclusions a b o u t th e  s tru c tu re  
o f  th e  su rface  phase  form ed as a re su lt  o f  ad so rp tio n  from  liq u id  m ix tu re s  
an d  fu r th e r  s tud ies are  req u ired  fo r th e  precise  d e te rm in a tio n  o f th e  x[. . . .x'n 
d is tr ib u tio n  an d  th e  n u m b er o f  la y e rs  n.
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POLAROGRAPHIC INVESTIGATION OF CYTOSTATIC 
MANNITOL DERIVATIVES, II

F U R T H E R  ST U D IE S ON T H E  E T H Y L E N E IM IN O  D E R IV A T IV E S O F DE G R A N O L

B .  J Á M B O R

( Institu te fo r  P lan t Physiology, L . Eötvös U niversity, B udapest)

R eceived June 26, 1968

Polarographie studies have been carried out to establish w h eth er 1,6-ethylene- 
im inoraannitol (I I ) and its isopropylidene derivative ( I ) , in v estig a ted  in  detail in a 
previous work, give polarographic w aves o f identical character. A n answer in the  
affirm ative seem s reasonable on the basis o f the follow ing findings:

1. The w ave height is directly proportional to the square root o f the mercury 
leve l and to the concentration o f the depolarisator, while it  is ind ep en dent o f the 
concentration o f the buffer.

2. The tem perature coefficient o f  the w ave height is abou t 3% /°C at 15 °C; 
above 35 °C it is about equal the theoretical va lue for diffusion w aves, though its  
evaluation is difficult.

3. A t 50 °C, in neutral m edium , the w ave height o f I  dim inishes rapidly, that 
o f I I  more slow ly.

4. The addition o f gelatin does not influence the w ave heigh t, b u t sh ifts the  
j ii/j  value in the direction o f more negative  values.

5. B oth  com pounds exam ined react at the sam e rate w ith  th iosu lfate  to yield  
a product w hich g ives a polarographic w ave. A bout 3 hours are required under the  
given experim ental conditions for the reaction to  proceed com p lete ly  as contrary  
to ethyleneim onium  com pounds, which react instantaneously.

6. A t room  tem perature, the wave heights o f both com pounds d im inish rapidly  
in  slightly acid m edium , and by about three tim es slower in s ligh tly  alkaline medium.

7. The w ave heights o f both  com pounds decrease or disappear in  slightly  alkaline 
m edium  as the pH o f the solution polarographed is increased. T he inflexion  point 
o f the curve p lotted  for this relationship is found at about pH  8.1 for both  I  and П .

In tro d u c tio n

In  o u r p rev ious co m m u n ica tio n  [1], we re p o rte d  on  th e  p o la ro g rap h ic  
b e h a v io u r o f tw o e th y len e im in o  d e riv a tiv e s  o f  D egrano l: 1 ,6 -b is-e thy lene im i- 
n o -l,6 -d id eo x y -3 ,4 -m o n o ace ta te -D -m an n ito l(I)  an d  1 ,6 -b is -e th y le n e im in o -l,6- 
d ideoxy-D -m ann ito l d ip e rch lo ra te  (II).

A t th a t  t im e  o n ly  su b stan ce  I  w as in v e s tig a te d  in  d e ta il, a n d  a diffusion 
w av e , co rrespond ing  to  th e  u p ta k e  o f  4 e lec trons, w as fo u n d . C om pound  I I  
gave  a s im ila r w ave, w ith  a ha lf-w ave p o te n tia l m ore  n e g a tiv e  b y  ab o u t 
100 mV. (This co m p o u n d  is an  a c tu a l an a logue  o f  D egrano l, since  c o n tra ry  to  
I ,  i t  does n o t c o n ta in  acetone .) H ow ever, a c r itica l in v e s tig a tio n  o f  th e  ch a r
a c te r  o f  th is  w ave could  n o t be p erfo rm ed  ow ing to  lack  o f  a su ffic ie n t am o u n t 
o f th e  sub stan ce . T h u s , i t  w as o n ly  assum ed  on th e  ana logy  w ith  I ,  t h a t  b o th  
w aves h ad  th e  sam e ch a ra c te r .
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S ince  th en , la rg e r q u a n t i t ie s  of b o th  co m p o u n d s h a v e  been  p rep a red , 
a n d  in  o rd e r to  prove o u r a s su m p tio n , a c ritica l e x a m in a tio n  o f th e  c h a ra c te r  
o f  th e  w av e  was u n d e r ta k e n  also  fo r com pound II. I n  som e o f th ese  in v e s ti
g a tio n s , com pound I w as a lso  inc luded  for co m p ariso n . O ur p re se n t w ork  
r e p o r ts  th e  resu lts  o f th e se  in v e s tig a tio n s .

Experimental part and discussion of the results

1. M aterials and m ethods. I n  th is  w ork , p o la ro g ram s w ere reco rd ed  
w ith  a  reco rd in g  p o la ro g ra p h  R ad e lk is  M odel O H  102. A  ja c k e tte d  vessel w as 
u se d  as  th e  electrode vessel, a n d  a no rm al calom el e lec tro d e  served  as th e  anode.

F ig . 1 . Inform ative experim ents w ith  I and II (from left to  right): 1 — 4: 10 -4 M  I; 1. 30 cm  
H g , 30 °C; 2. 60 cm Hg, 20 °C; 3. 30 cm  H g, 20 °C; 4. 30 cm  H g, 20 °C -f- 0.05%  o f  gelatin . 
5 — 8: T he polarograms of II under th e  sam e conditions as 1 — 4. A ll polarogram s were recorded  
in  a 0 .025  M  phosphate buffer so lu tio n  o f pH 6, a t a galvanom eter sen sitiv ity  o f  16 • 1 0 ~9 A , 

recorded from  —0.8 V on. A E  — 0 .05 У

W ith  th is  p o la ro g ra p h , th e  reac tio n  w ith  th io su lfa te  w as reco rd ed  as a 
fu n c tio n  o f tim e  a t  c o n s ta n t  p o te n tia l. In  th is  case, one u n it  on th e  abscissa  
co rre sp o n d e d  to  a period  o f  3 m in u tes . In  reco rd in g  th e  i =  f{ E )  cu rves, one 
u n i t  o n  th e  abscissa co rre sp o n d e d  to  0.05 V. In  g en era l, th e  p o la rog ram s w ere 
re c o rd e d  a t  20 °C. A ny d e v ia tio n  from  these  p a ra m e te rs  w ill be in d ic a te d  w hen  
d e sc r ib in g  th e  various e x p e rim e n ts .

2. Inform ative com parison . F ig . 1 shows th e  p o la ro g ram s o f com pounds 
I a n d  II u n d er various e x p e rim e n ta l cond itions. A com p ariso n  o f  th e  w ave 
h e ig h ts  o f th e  po larog ram s re c o rd e d  a t 20 an d  30 °C show s th a t  th e  te m p e ra 
tu r e  coeffic ien t of th e  w av e  h e ig h t is 2% /°C fo r b o th  I a n d  II, i.e. h ig h er th a n  
1.3 to  1 .5% , th e  v alue  c h a ra c te r is tic  o f d iffusion  w av es. T h is fa c t in d ica tes  
t h a t  th e  w aves of b o th  c o m p o u n d s  in v es tig a ted  h av e  a sm all k in e tic  c h a ra c te r .
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C oncern ing  th e  effect o f  th e  h e ig h t o f  th e  H g  level, i t  was fo u n d  t h a t  
a H g level o f doub le  h e ig h t gave rise  to  a 1.43-fold w av e  heigh t w ith  su b s ta n c e
II. A sim ilar v a lu e  (1.32-fold) w as o b ta in ed  fo r I, in  accordance w ith  th e  v a lu e  
re p o rte d  in o u r p rev ious com m unica tion  [1]. W ith in  th e  lim it of e x p e rim e n ta l 
e rro r, th is  v a lue  co rresponds to  j /2 , show ing th a t  th e  w aves of b o th  su b s ta n c e s  
h av e  p re d o m in a n tly  diffusion ch a rac te r.

T he presence o f  0 .05%  ge la tin  has a re m a rk a b le  effect on the  p o la ro g ra m s 
o f b o th  su b stan ces : th e  w aves d isap p ea r co m p le te ly . T hough sev era l cases 
are  know n w here th e  h e ig h t an d  half-w ave p o te n tia l  o f diffusion w av es  are  
affec ted  b y  th e  p resence  o f  colloids, com ple te  d isap p ea ran ce  of th e  w a v e s  is 
u n u su a l. T h is p h en o m en o n  occurs u sua lly  w ith  c a ta ly tic  waves an d  m a x im a  
o f f ir s t  o rder.

Fig. 2. E ffect o f gelatin  on the polarogram o f I. 10 M  I , 30 cm  H g, 20 °C, in the presence  
o f 0, 0 .01. 0 .02, 0 .03, 0.04 and 0.05%  of gelatin, respectively . For the other conditions, see F ig . 1

3. The effect o f  gelatin . To e lucidate  th is  e ffec t, th e  change o f  th e  p o 
larog ram  of I w as ex am in ed  in  th e  p resence o f  in c rea s in g  am ounts o f  g e la tin  
ad d ed  g rad u a lly . As show n in  F ig . 2, as th e  q u a n t i ty  o f  gelatin  in c rea sed , th e  
p o te n tia l o f th e  w av e  o f  I sh ifted  to w ard s n e g a tiv e  va lues, while th e  h e ig h t 
o f th e  w ave rem a in ed  c o n s ta n t. T hus, th e  d isa p p e a ra n ce  o f th e  w ave does n o t 
arise from  a su p p ressio n  o f  th e  e lec tro activ e  p rocess, b u t  is due to  th e  m erg in g  
o f th e  w ave in  th e  f in a l sec tion  o f  th e  p o la ro g ram . In  case of m ax im a  a n d  
c a ta ly tic  w aves, th e  h e ig h t o f  th e  w ave or o f  th e  m a x im u m  dim inishes u p o n  th e  
ac tio n  o f  colloids, t h a t  is to  say , th e  e lec trode  p rocess is in h ib ited  b y  th e  
presence o f th e  colloid. A sim ilar b eh av io u r is fo u n d  for su b stan ce  II, as 
show n in  F ig . 3. T he o n ly  difference as co m p ared  w ith  I is th a t  the  m erg in g  o f  
th e  w ave in th e  f in a l section  o f  th e  p o la ro g ram  occu rs a t  lower g e la tin  c o n 
ce n tra tio n s . T h is is easy  to  u n d e rs ta n d , co n sid e rin g  th a t  th e  „ v a lu e  o f  II 
is b y  ab o u t 100 mV m ore neg a tiv e  th a n  th a t  o f  I.
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Fig. 3. E ffect o f  gelatin  on the polarogram  of II. See F ig . 2

15 25 3 5  45
°C

F ig. 4. The tem perature coefficient o f the w ave o f  TTC, I and II a t various tem peratures; 
average values o f  5 m easurem ents each

4. Dependence o f  the temperature coefficient on the tem perature o f  the 
so lu tio n  polarographed. I n  th e  d e te rm in a tio n  o f  th e  te m p e ra tu re  coeffic ien t, a 
w id e  sc a tte r in g  o f th e  v a lu es  was found . I t  b ecam e  clear on fu r th e r  ex a m in a tio n  
t h a t  th e  value  o f  th e  te m p e ra tu re  co e ffic ien t is highly  d e p e n d e n t on  th e  
te m p e ra tu re  lim its  used  for its  c a lc u la tio n . A t th e  sam e tim e , th is  allow s a 
co m p a riso n  o f com pounds I an d  II. F ig . 4 show s th e  values o f  th e  te m p e ra tu re  
co e ffic ien ts  ca lcu la ted  fo r th e  su b stan ce  I a n d  II from  th e  w ave h e ig h t o f th e  
p o la ro g ra m s  reco rd ed  b e tw een  + 1 0  a n d  + 5 0  °C for each 10 °C. F o r  co m p ar
iso n , o r  ra th e r  for check ing , th e  va lu es  m easu red  under id e n tic a l co n d itions
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fo r tr ip h e n y lte tra z o liu m  chlo ride , a com pound  g iv in g  a pure d iffusion  w av e  
an d  in v e s tig a te d  e x te n s iv e ly  b y  us, have  also b een  p lo tte d . The abscissa v a lu e s  
m ean  th a t ,  fo r ex am p le  th e  v alue  of th e  te m p e ra tu re  coefficient o b ta in e d  
on th e  basis o f p o la ro g ram s recorded  a t  10 a n d  20 °C has been p lo t te d  a t  
15 °C, e tc .

As i t  is seen in  th e  fig u re , th e  d iffusion c o e ff ic ie n t is for b o th  c o m p o u n d s  
ab o u t 3% /°C  a t  15 °C, an d  a b o u t 1.2% /°C a t  35 °C, th e  change b e tw een  th e se  
lim its b e ing  a p p ro x im a te ly  lin ear. W hen  th e  te m p e ra tu re  is in c re a se d  to  
h igher th a n  35 °C, th e  decrease in  th e  te m p e ra tu re  coefficien t becom es less, 
to  fall below  th e  v a lu e  o f  1.3, ch a rac te ris tic  o f  d iffu s io n  waves. I t  can  b e  seen  
from  th e  figu re  t h a t  th e  cu rves of th e  tw o su b s ta n c e s  inv estig a ted  h a v e  s im 
ila r ch a ra c te r . T h e  te m p e ra tu re  coefficien t o f  tr ip h e n y lte tra z o liu m  c h lo r id e , 
p lo tte d  fo r co m p ariso n , has th e  th eo re tica l v a lu e  w ith in  th e  te m p e ra tu re  ra n g e  
in v es tig a ted .

A n in te rp re ta t io n  o f th e  s tro n g  dependence  o f  th e  tem p era tu re  c o e ff ic ie n t 
on te m p e ra tu re  is re n d e re d  d ifficu lt b y  th e  fa c t  t h a t ,  to  our know ledge, n o  
sim ilar p h en o m en o n  has been  rep o rted  in  th e  l i te r a tu r e .  I f  an in te rp re ta t io n  o f  
th e  phenom enon  is a t te m p te d , i t  m u st begin  w ith  th e  presum ption  t h a t  th e  
te m p e ra tu re  coeffic ien t is h igh  a t  low te m p e ra tu re s , w hich in  tu rn  in d ic a te s  
th a t  th e  k in e tic  c h a ra c te r  o f th e  po larog raph ic  w av e  o f  th e  substances in v e s t i 
ga ted  increases. T h e  k in e tic  c h a ra c te r  ceases co m p le te ly  n ear 35 °C. T h e re fo re , 
i t  is to  be assum ed  th a t  a p a r t  of th e  com p o u n d  is in  a p o la ro g rap h ica lly  in 
ac tiv e  s ta te  a t  low er te m p e ra tu re s , an d  th e  k in e tic  ch a rac te r of th e  w a v e  is 
caused b y  its  a c tiv a tio n  in  th e  double lay er su rro u n d in g  the  m ercu ry  d ro p . 
I t  seem s reaso n ab le  to  assum e th a t  a t  h ig h er te m p e ra tu re s  th e  a c t iv a t io n  
energy  of th e  fo rm a tio n  o f th e  p o la ro g rap h ica lly  ac tiv e  form ceases to  a c t 
as a lim itin g  fa c to r .

I f  p ro to n a tio n  is considered  a p re c o n d itio n  o f  po larographic  a c t iv i ty ,  
i t  can be assum ed  th a t  a low er p H  value a n d  h ig h e r  bu ffer cap ac ity  w ill d i
m inish  th e  k in e tic  c h a ra c te r  o f th e  w ave. T h e  e ffec t o f  th e  g rea test p o ss ib le  
v a ria tio n  o f th e  tw o  p a ra m e te rs  has also been  in v e s tig a te d  (pH  5.5 a n d  7 .5 , 
an d  b u ffe r co n c e n tra tio n s  o f 10 ~2 to  5.10 _1 M ,  re sp ec tiv e ly ), h o w ev er, c o n 
tra ry  to  e x p e c ta tio n , th e y  h a d  no m easurab le  e ffec t on  th e  value of th e  te m p e r a 
tu re  coeffic ien t. T h is show s th a t  th e  effect o f te m p e ra tu re  has a m ore c o m p li
ca ted  m echan ism  th a n  assum ed , and  is e x e rte d  in d ire c tly .

A n o th e r u n u su a l fin d in g  is th e  phenom enon  t h a t ,  a t  higher te m p e ra tu re s , 
th e  te m p e ra tu re  coeffic ien t dim inishes to  a v a lu e  lo w er th a n  th a t  c h a ra c te r is tic  
for diffusion w aves. T h is is all th e  m ore d ifficu lt to  u n d e rs ta n d , as from  m o s t  o f  
th e  o th e r  v iew -p o in ts  exam ined  th e  w ave has a d iffusion  ch arac ter, a n d  th e  
laws o f  d iffusion , o r m ore precisely , th e  ro le o f  d iffu sion  as the  r a te  d e te r 
m ining fac to r  sh o u ld  also p rev a il a t h igher te m p e ra tu re s . In  th is  r e s p e c t ,  a 
likely  e x p lan a tio n  is th a t  b o th  substances are  u n s ta b le  in  th e  higher te m p e ra tu re
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ra n g e  used . C o n seq u en tly , th e  heigh t o f  th e  w ave o b ta in ed  a t  th e  h igher 
te m p e ra tu re  used fo r th e  d e te rm in a tio n  o f  th e  diffusion c o n s ta n t m a y  assum e 
lo w e r v a lu es  th a n  e x p e c te d ; th is  c irc u m s ta n c e  will be re flec ted  in  a decrease 
o f  th e  d iffusion  c o n s ta n t ca lcu la ted  on th e  b as is  of th is va lue . O u r in v e s tig a 
t io n s  o n  th e  deco m p o sitio n  of th e  s u b s ta n c e s  will be d iscussed  in  th e  n e x t 
s e c tio n . H ere , we w ish  to  m en tion  on ly  t h a t  every  p recau tio n  w as ta k e n  to  
d im in is h  possible e rro rs  d u e  to  d eco m p o sitio n . The m ost im p o r ta n t  o f  these  
m e a su re s  w as th a t  n o t  th e  sam e so lu tion  w as  exam ined  a t in c re a s in g  te m p e ra 
tu r e s ,  b u t  th e  p o la ro g rap h ic  vessel was th e rm o s ta te d  to  th e  re q u ire d  te m p e ra 
tu r e ,  a n d  a t  each te m p e ra tu re  a fresh  s o lu tio n  w as used. T hus, th e  so lu tio n s  on 
w h ic h  th e  p o la ro g ram s w ere  recorded , w e re  su b jec ted  only fo r 15 m in u te s  to  
te m p e ra tu re s  of 30, 40  a n d  50 °C, re sp e c tiv e ly .

S ince , accord ing  to  w h a t has been  sa id  above, the  value  o f  th e  te m p e ra 
tu r e  coeffic ien t c a n n o t d im in ish  below  th e  th eo re tica l va lue , o b v io u s ly , th e  
v a lu e s  on  th e  curve b e lo n g in g  to  35 an d  45 °C a re  lower th a n  th e  a c tu a l  values. 
T h is  is  p a r tic u la r ly  t r u e  in  th e  case o f c o m p o u n d  I ,  w hich, as w ill b e  seen in 
th e  fo llow ing  sec tion , is considerab ly  less s ta b le  th a n  I I .  so t h a t  th e  source of 
e r r o r  d iscussed  affec ts  th e  values to  a h ig h e r  degree.

5 . Investigation  o f  stability . In  th e  co u rse  o f our in v e s tig a tio n s , m an y  
p ro b le m s  arose on a c c o u n t o f th e  low s ta b i l i ty  o f  I .  This m akes b o th  i ts  p rep 
a r a t io n  an d  its  s to ra g e  in  so lu tion  d iff ic u lt. I n  solution, it  cou ld  n o t  be k e p t 
e v e n  o n  ice for lo n g er th a n  1 or 2 d ay s, w i th o u t  exhib iting  ch an g es  n o ticab le  
b y  p o la ro g ra p h y . In  th e  in v es tig a tio n  d e sc r ib e d  in  the  p reced in g  sec tio n , th e  
te n d e n c y  o f th e  su b s ta n c e  to  decom pose  p re sen ted  d ifficu lties . T herefo re , 
th is  p ro b le m  h ad  to  b e  ex am ined , an d  m o re o v e r , i t  was of in te re s t  to  f in d  o u t, 
w h e th e r  th e  w ave o f  c o m p o u n d  I I ,  m ore n e g a t iv e  by  abou t 100 m V , is accom 
p a n ie d , as i t  is to  be ex p ec ted , b y  a h ig h e r  s ta b ility .

F ig . 5 show s th e  p e rcen tag e  chan g es in  th e  wave h e igh ts o f  com pounds 
I  a n d  I I  a t  50 °C, a llow ed  to  s ta n d  in  so lu tio n  a t  a pH  ad ju s ted  to  6 . A m ark ed  
d iffe re n c e  is to  be n o te d  in  th e  s ta b ili ty  o f  th e  tw o com pounds e x a m in e d , to  
th e  a d v a n ta g e  o f co m p o u n d  I I .  W hile s ta n d in g  fo r 1 hour re su lte d  in  o n ly  20%  
d e c o m p o s itio n  of th e  l a t t e r  com pound , m o re  t h a n  80%  of co m p o u n d  I  decom 
p o se d  u n d e r  th e  sam e co n d itions. This d eco m p o sitio n  does n o t in v o lv e  on ly  th e  
s p l i t t in g  o ff of ace to n e  from  th e  m olecule o f  I ,  because th is  w o u ld  o n ly  cause 
a  s h i f t  o f  th e  w ave, w ith o u t a decrease o f  i t s  he igh t.

T h e  d ecom position  in  th is  case p ro b a b ly  consists in th e  h y d ro ly tic  sp lit
t i n g  o f  th e  e th y len e im in o  rin g , w hich  w as s tu d ie d  ex tensively  b y  A n h a l t  and 
B e r g  [ 2 ]  in  th e  case o f  e th y len e im in o b en zo q u in o n es. F o r a co m p ariso n  ol 
th e  co m p o u n d s  in v e s tig a te d  and  in te n d e d  to  be in v estig a ted  b y  u s , useful 
in fo rm a tio n  m ay  be o b ta in e d  b y  s tu d y in g  th e  dependence o f th e  d eco m p o sitio n  
o n  th e  p H  o f th e  so lu tio n . A n h a l t  and  B e r g  fo u n d  in  th e  case o f  th e  e th y le n e 
im in o b en zo q u in o n es  in v e s tig a te d  b y  th e m  t h a t  the  ra te  o f  d eco m p o sitio n
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w as s tro n g ly  en h an ced  in  ac id  m ed ia , an d  to  a lesser degree in  a lk a lin e  m ed ia . 
H ow ever, th e y  d id  n o t pub lish  th e  w hole series o f d a ta  o r a cu rv e  re p re se n tin g  
th e  w hole p H  ran g e  in v e s tig a te d  b y  th e m , so th a t  th e  p H  v a lu e  w hich  causes 
m in im u m  d ecom position  c a n n o t be  estab lished .

In  th e  case  o f th e  co m p o u n d s in v es tig a ted  b y  us, th e  cu rv es  show ing  
th e  effect o f  th e  p H  did  n o t p re se n t th e  ch a rac te ris tic s  o f  an  o p tim u m . I t  w as 
found  th a t  on chan g in g  th e  p H  v a lu e  o f th e  so lu tio n  from  3 to  10, th e  r a te  of 
d eco m p o sitio n , th o u g h  n o t lin e a rly , decreased  th ro u g h o u t th e  w hole p H  ran g e . 
T ab le  I  show s th e  degree o f d eco m position  o f com pounds I a n d  II s ta n d in g  in  
so lu tio n s o f  w eak ly  acid an d  w eak ly  a lka line  p H .

Fig. 5. The w ave heights o f 1 0 M  so lutions o f I and II on standing a t 50 °C in a phos
phate buffer (0.025 M )  o f pH  6, expressed in percentage o f the in itia l height.

Recorded at 25 °C

T able  I

Decomposition o f  compounds I  and I I  in 10~3 M  solutions at p H  5 and 9, respectively, adjusted  
with 0.025 M  phosphate buffer, on standing fo r  2 days at 20 °C

I II

pH 5 42% 31%
pH 9 15% 18%

I t  is seen th a t  th e  degree o f  decom position  in  acid so lu tio n  is h ig h er fo r 
b o th  co m p o u n d s th a n  in  a lk a lin e  m ed ium . I t  is in te re s tin g  th a t  th e  ra tio s  
d iffer from  th o se  show n in F ig . 5; how ever, also ex p e rim en ta l co n d itio n s a re  
d iffe ren t. On s ta n d in g  for 1 h o u r a t  50 °C an d  p H  =  6, th e  degree o f  decom 
positio n  o f  I is fiv e  tim es as h igh  as th e  decom position  o f II, w hile u n d e r  th e  
co n d itio n s lis te d  in  T able I ,  i t  is o n ly  ab o u t 1.3 tim es h ig h er th a n  th a t  o f  II.
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U n d er th e  e x p e rim e n ta l cond itions describ ed  in  th e  p rev ious sec tion , 
I  ex p o sed  for 15 m in u te s  to  a te m p e ra tu re  o f  50 °C, th e  decom position  o f th e  
su b s ta n c e  m ay  be  re sp o n sib le  for a b o u t a 30 %  decrease  o f th e  w ave h e ig h t. 
T h u s , th e  w ave h e ig h t m easu red  a t  50 °C ( to  d e te rm in e  th e  v alue  o f  % /°C  a t  
45 °C) w as som etim es a b o u t equal to  t h a t  m easu red  a t  40 °C, w hich  m eans 
a te m p e ra tu re  coeffic ien t o f  0% /°C . T he v a lu es  co rresp o n d in g  to  th e  h ig h er 
te m p e ra tu re s  in  F ig . 4 cou ld  on ly  be d e te rm in e d  a f te r  g re a t p ra c tic e  in  each 
s te p  o f  th e  m easu rin g  te c h n iq u e  to  reduce  th e  th e rm a l effec t, an d  b y  rep ea tin g  
th e  m easu rem en t m a n y  tim e s . As i t  has b een  m en tio n ed , even  so th e  re su lts  
.are r a th e r  dub ious. A s show n b y  re p e a te d  check ing , a t  30 °C or less th e  de-

F ig . 6. E ffect o f the buffer concentration of the so lution  on the w ave of II. 5 • 10 ~6 M  II; 
S =  8 • 1 0 -9 A, pH  =  6; 30 cm  H g; 25 °C; from  —0.8 V on, in  0.0125, 0.025, 0 .05, 0 .1 , 0 .2 , 

0 .4  and 0.8 M  phosphate buffer, respectively

com p o sitio n  o f th e  su b s ta n c e  u n d e r th e  co n d itio n s o f  th e  d e te rm in a tio n  o f 
th e  th e rm a l coeffic ien t is neglig ib le, so t h a t  th e  f ir s t  sec tion  o f th e  curves 
show in g  th e  d ep en d en ce  o f th e  te m p e ra tu re  coeffic ien t on te m p e ra tu re  can be 
co n sid ered  re liab le . F o r  h ig h e r te m p e ra tu re s  on ly  th e  fa c t can  be estab lished  
t h a t  th e  curve re p re se n tin g  th e  dependence  on te m p e ra tu re  has a b reak , an d  
th e  second section  is n o t  a c o n tin u a tio n  o f  th e  f irs t .

6 . E ffect o f  the bu ffer concentration on I I . T h e  po larog ram s show n in  
F ig . 6 , reco rded  a t  b u ffe r  co n cen tra tio n s  v a rie d  w ith in  v e ry  w ide lim its , in 
d ic a te  th a t  th e  w av e  o f  I I  is sh ifted  b y  a b o u t 100 mV to w ard s  n eg a tiv e  values 
a t  h ig h er bu ffe r c o n c e n tra tio n s , an d  i t  m erges in to  th e  f in a l, ascending  sec tion  
o f  th e  po la rog ram . B efore  th is  occurs a n d  as long  as th e  w ave can  be clearly
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o b se rv ed  (buffer c o n cen tra tio n s  be tw een  0.0125 an d  0.1 M ) ,  th e  w a v e  h e ig h t 
seem s to  be in d e p e n d e n t o f  th e  b u ffe r c o n c e n tra tio n , in  acco rd an ce  w ith  th e  
re su lts  re p o rte d  in  o u r p rev io u s co m m u n ica tio n  fo r com pound  I [1]. S ince th e  
w ave o f  I is b y  100 m V m ore  p o sitiv e , i t  d id  n o t m erge in to  th e  f in a l  sec tion  
o f  th e  p o la ro g ram  a t  th e  b u ffe r c o n cen tra tio n s  used  in  ou r p re v io u s  w ork. 
T h e  ind ep en d en ce  o f th e  w ave h e ig h t o f b u ffe r c a p a c ity  is a fu r th e r  ev idence  
to  show  th a t  th e  c h a ra c te r  o f  th e  w ave o f  II, sim ila rly  to  t h a t  o f  I, is  n o t 
c a ta ly tic .

7. E ffec t o f  the concentration o f  II. F ig . 7 show s th a t  th e  w av e  h e ig h t of 
II is a p p ro x im a te ly  p ro p o rtio n a l to  the  c o n cen tra tio n  o f th e  d e p o la r iz a to r

Fig. 7. D ependence of the w ave height on the concentration o f II. 25 °C; 30 cm  H g, from  
— 0.8 Y  on; A E  =  0.05 V; 0.025 M  phosphate buffer; pH  =  6; concentration o f II (from  left 

to right): 2 .5, 5, 10, and 18 • 1 0 -5 M ; S =  4, 8, 16 and 30 • 10 ~9 A

w ith in  th e  co n c e n tra tio n  ran g e  in v e s tig a te d . T h is is reflec ted  in  th e  fig u re  b y  
th e  a lm o st id en tica l h e ig h t o f  th e  w aves, since th e  sen s itiv ity  of th e  g a lv a n o m 
e te r  reco rd in g  th e  p o la ro g ram s w as selected  so as to  be inv erse ly  p ro p o r t io n 
al to  th e  co n cen tra tio n . T h u s  th e  p ro d u c t o f  se n s itiv ity  an d  c o n c e n tra tio n  
is th e  sam e fo r each  p o la ro g ram  show n in  F ig . 7. Since th e  w ave h e ig h t  o f  II 
can  be d e te rm in ed  o n ly  w ith  considerab le  e rro r , th e  series w as re p e a te d  in  8 
cases a t  d iffe ren t tim es. T h e  re la tio n sh ip  be tw een  th e  c o n c e n tra tio n  a n d  w ave 
h e ig h t, c a lcu la ted  from  th ese  av e rag e  va lues, is show n in F ig . 8 .

I t  can  be seen th a t  th o u g h  th e  w ave h e ig h t is n o t s tr ic tly  p ro p o r tio n a l 
to  th e  c o n c e n tra tio n , th e  d e v ia tio n  is sm all a n d  rem ains w ith in  th e  lim its  o f 
e x p e rim e n ta l e rro r; i t  h a rd ly  in d ic a te s  a c a ta ly tic  ch a ra c te r  o f  th e  w ave.
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8 . The reaction w ith  thiosulfate. M a n t s a v i n o s  an d  C h r i s t i a n  [3] r e 
p o r te d  th e  q u a n tita tiv e  d e te rm in a tio n  of e th y le n e im o n iu m  com pounds, fo rm ed  
f ro m  tru e  n itrogen  m u s ta rd s  o n  stand ing , b y  m e a n s  o f t i t r a t io n  w ith  th io su l
f a te .  T h e  ti tra t io n  c a n  b e  follow ed by  p o la ro g ra p h y . S im ilar fin d in g s are 
r e p o r te d  b y  J . K á d á r - P a u n c z  [4 ] for e th y le n e im in o  com pounds analogous 
to  I a n d  II; how ever, in  th is  case  th e  reaction  is n o t  in s ta n ta n e o u s , b u t ,  d e p e n d 
in g  o n  th e  com pound , i t  ta k e s  several hours, o r ev e n  a d ay . She also fo u n d , th a t  
a co m p o u n d  is fo rm ed  d u r in g  th e  reaction  w h ic h  can  be reduced , an d  th u s  
g iv es  a po larograph ic  w av e .

F ig . 8. Relationship b etw een  th e  w a v e  height and the concen tration  of II; average o f 8 repeated
series. For conditions, see F ig . 7

F o r com parison , b o th  I and  II were re a c te d  in  th e  po la ro g rap h ic  vessel 
w ith  excess th io su lfa te , a n d  k in e tica l curves h a v e  been  recorded  p o la ro g rap h i- 
c a lly .

F ig . 9 was p lo tte d  o n  th e  basis o f th e  tw o  re a c tio n /tim e  curves reco rded  
u n d e r  th e  said c o n d itio n s , a n d  gives th e  p e rc e n ta g e  values.

I t  can be seen t h a t  th e  reactions o f  I a n d  II proceed accord ing  to  an 
a lm o s t exactly  id e n tic a l t im e  curve, and a b o u t 3 h o u rs  are  req u ired  to  a t ta in  
th e  f in a l value. T h is s t r ic t  ag reem en t, in  a c c o rd a n ce  w ith  th e  fo rm er in v e s ti
g a tio n s , supports  th e  s im ila r  charac ter o f I a n d  II. In  fac t, th e  ag reem en t 
a p p e a rs  to  be a lm ost to o  g o o d , considering t h a t  II is b y  ab o u t 0.1 V m ore  stab le  
to w a rd s  e lectro ly tic  re d u c t io n , and  there  is a n  ev en  m ore m ark ed  d ifference in  
th e  decom position  r a te  a t  50 °C betw een th e  tw o  com pounds. T h is re su lt 
in d ic a te s  th a t  th e  a c t iv a t io n  energy has a n o th e r  v a lu e  in  th e  case o f th e  re 
a c tio n  w ith  th io su lfa te , t h a n  in  th e  tw o o th e r  conversions m en tioned .
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h
Fig. 9. The reaction o f 10 _3 M  I  and II w ith 3 - 1 0  ~3 M  N a 2S 20 3, pH =  4; 25 °C; the results 

are expressed as percentages o f the m axim um  height

F ig. 10. The polarogram  of 10 ~4 M  II in 0.025 M  phosphate buffer adjusted to pH  5, 6, 7 , 
7.5, 8, 8.5 and 9, respectively, recorded at 25 °C; 30 cm  H g; S  =  16 • 10 ~9 A, from  — 0.8

V on; AE  =  0.05 V

T he reac tio n s  o f I an d  II an d  th e ir  v a rio u s  d e riv a tiv e s  w ith  th io su lfa te  
h av e  been  ex am in ed  in  d e ta il b y  po la ro g rap h y . T h e  re su lts  will he re p o r te d  
in  a n o th e r p ap er.

9. E ffec t o f  the p H  on the wave o f  II. F ig . 10 show s polarogram s o f II, 
reco rded  a t  v a rio u s p H  v a lu es . S ligh tly  a lk a lin e  p H  re su lts  in  a decrease o f  
th e  w ave h e ig h t, in  th e  sam e w ay  as it  was fo u n d  fo r I [1]. F o r com parison , 
th e  p e rcen tag e  changes in  th e  w ave heigh ts o f I a n d  II are  given (F ig . 11). 
I t  can  be seen th a t  th e  p resence  o f th e  iso p ro p y lid en e  g ro u p  in  th e  m olecule o f  
I, an d  its  absence  in  II does n o t affec t, w ith in  th e  e x p e rim e n ta l error, th e  sh ap e

Acta Chim. Acad. Sei. Hung. 63, 1970



JÁM BOR: PO LA RO G RA PH IC IN V ESTIG A TIO N  O F  MANNITOL D ERIV A TIV ES, I I204

o f  th e  c u rv e , as c o n tra ry  to  its  e ffect on  th e  ^ / 2 value , w h ich  is  sh if te d  by  
a b o u t  0.1 У  [1]. If , acco rd in g  to  w h a t h a s  been  said  above, p ro to n a tio n  is a 
p re c o n d itio n  o f th e  fo rm a tio n  o f th e  w av e , th e  in flex ion  p o in ts  o n  th e  curves 
o f  b o th  I a n d  II can  be  considered  as p k ’ v a lu e s  an d  are to  be fo u n d  o n  F ig . 11 
a t  p H  8.1.

T h e  in v es tig a tio n s  show  u n e q u iv o c a lly  th a t  I an d  II h a v e  id en tica l 
p o la ro g ra p h ic  b eh av io u r. A  d ifference is  o n ly  found  in  s ta b ili ty , a n d  in  th e

F ig . 11. T he w ave height o f 10 -4  M  I (o —o) and  II ( • — •), recorded in  0.025 M  phosphate  
buffer solution at different pH  values, g iven  as percentages o f the m axim um  height

a c t iv a t io n  energies o f  v a rio u s  re a c tio n s . T h e  sligh t d ev ia tio n  fro m  lin e a r ity  
o f  th e  re la tio n sh ip  w ave h e ig h t/c o n c e n tra tio n  lies w ith in  th e  l im it  o f  experi
m e n ta l  e rro r; in  fa c t, even  i f  th is  d e v ia tio n  w ere s ig n ifican t, i t  w ou ld  n o t 
s u b s ta n tia l ly  in fluence  th e  c h a ra c te r  o f  th e  w ave of II.

F u r th e r  w ork  is in  p rogress to  s tu d y  th e  p o la ro g rap h ic  b e h a v io u r  of 
D e g ra n o l w ith  th e  o b jec t to  e s tab lish  w h e th e r  i t  gives II on s ta n d in g , an d  to  
c la r ify  th e  effect o f th e  e x p e rim e n ta l co n d itio n s  in  th e  course o f  th e  reac tio n .

*

T he author’s thanks are due to Drs. Irene P . H o r v á t h  and L. I n s t i t o r i s z  for valuable  
discussions in the course o f this work, and to M isses M. D e w a t h  and É .  M a j l á t h  for their 
help  in  th e  experim ents.

R E F E R E N C E S

1. J á m b o r ,  В ., H o r v á t h ,  I .  P . ,  I n s t i t o r i s z ,  L.: A cta  Chim. Acad. Sei. H ung. 53 , 85 (1967);
M agyar Kém . F oly . 73, 332 (1967)

2. A n h a l t ,  A., B e r g ,  H .: J. Electroanal. Chem. 4 , 218 (1962)
3. M a n t s a v i n o s ,  R ., C h r i s t i a n ,  J. E .: Anal. Chem. 30, 1071 (1958)
4. K á d á r - P a u n c z ,  J.: Paper read at the Polarographic Conference, B u d ap est, March 22,

1965; Proc. 3rd In t. Congr. Pol., Sou th am p ton , 1964. p. 913.

B é la  J ámbor; B u d ap est V I I I . ,  M úzeum  k r t  4/a

A cta  Chim. Acad. Sei. Hung. 63, 1970



Acta Chimica Academiae Scientiarum Hungaricae, Tomus 63 (2 ) , pp . 205— 213 (1970)

POLAROGRAPHIC INVESTIGATION OF CYTOSTATIC 
MANNITOL DERIVATIVES, III

DE G R A N O L  

B .  JÁMBOR

( Institu te  fo r  P lan t Physiology, L . Eötvös U n iversity , B udapest)

R eceived June 26, 1968

E very  param eter investigated  has shown com plete identity , w ith in  the lim it 
of experim ental error, betw een the polarographic behaviour of the com pound form ed  
in alkaline m edium  from Degranol and the corresponding ethyleneim ino com pound, 
synthetized  as crystalline substance.

The com parison and ascertainm ent o f the id en tity  were m ade by exam ining  
the effects o f tem perature, m ercury level, gelatin , buffer and depolarisator concen
tration , and the reaction w ith thiosulfate on the polarographic wave. I t  has been found  
th a t the w ave has predom inantly diffusion character, m ixed w ith a slight k inetic  
character and cata lytic  effect, however, this la tter  can on ly  be observed in the section  
after the w ave.

It is still an open question, whether also under physiological conditions a bis- 
ethyleneim ino com pound is formed from Degranol.

In  tw o  ea rlie r com m u n ica tio n s [1], [2], th e  po la ro g rap h ic  b e h a v io u r of 
tw o  e th y len e im in o  d e riv a tiv e s  (I and  II) o f D eg ran o l, 1 .6-b is-(2-ch loroethyl- 
am ino)-1 .6 -deoxy-D -m ann ito l d ihy d ro ch lo rid e  (III), an  ag en t w ith  a n ti tu m o u r  
ac tio n , has been  re p o rte d . I t  has been fo u n d  t h a t  th e  e thy lene im ino  rin g s, as 
a re su lt o f irrev e rs ib le  e lec tron  u p ta k e , give p o la ro g rap h ic  w aves o f  d iffusion  
c h a ra c te r , co rrespond ing  to  th e  u p ta k e  o f 2 e lec tro n s each. T he in flu en ce  o f 
v a rio u s ex p e rim en ta l co n d itions on th e  w ave h as  been  s tu d ied  w ith  th e  o b jec t 
to  m ak e  com parisons an d  to  id e n tify  th e  co m p o u n d  fo rm ed  from  D egrano l in  
s lig h tly  a lka line  m ed ium . I t  w as to  be p resu m ed  th a t  D egranol is co n v e rted  
in  th e  o rgan ism  to  a cyclic p ro d u c t an d  e x e rts  i ts  c y to s ta tic  ac tio n  in  th is  
fo rm .

T he p re se n t w ork  describes th e  p o la ro g rap h ic  b e h av io u r o f th e  com p o u n d  
fo rm ed  from  D egrano l on s tan d in g . The o b jec t o f  th e  ex p erim en ts  w as to  c la rify  
th e  p rob lem  o f th e  assum ed  id e n tity  o f th is  p ro d u c t an d  II.

E x p erim en ta l p a rt and  d iscussion o f  th e  resu lts

1. M ateria ls and  method

T h e com pound  (III) stu d ied  was th e  c ry s ta llin e  p ro d u c t o f th e  C hem ical 
W orks C hinoin. T he o th e r  m a te ria ls  and  th e  m e th o d  used  w ere id e n tic a l w ith  
th o se  described  in  o u r p rev ious p u b lica tio n  [2 ].
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A s i t  will be seen , th e  c h a ra c te r is tic s  o f  th e  w ave fo rm ed  d u r in g  th e  
c o n v e rs io n  o f III in  s lig h tly  a lk a lin e  m ed iu m , are  a p p ro x im a te ly  th e  sam e as 
th o s e  o f  th e  w ave o f  c o m p o u n d  II ( th e  cyclic d e riv a tiv e ), d iscussed  in  our 
p re v io u s  p u b lica tio n . In  th e  course o f  o u r w ork , th e  ev a lu a tio n  o f th e  w ave of 
III p o sed  m an y  d ifficu lties, ow ing to  th e  follow ing tw o reasons:

(a) T h e  TTj 2 v a lu e  o f th e  w ave is a b o u t —1.2 V, an d  i t  h as  a r a th e r  f la t  
s h a p e , a n d  con seq u en tly  no h o riz o n ta l lim itin g  cu rren t, w h ich  w ould  m ake 
p o ss ib le  th e  ex ac t d e te rm in a tio n  o f th e  w ave h e ig h t. In d eed , i t  p a r t ly  m elts 
w ith  th e  f in a l ascend ing  p a r t  o f th e  p o la ro g ram .

(b) T h e  up p er p a r t  o f th e  w ave is s till m ore  m ask ed  b y  th e  p o la ro g rap h ic  
c a ta ly t ic  effect o f one o r  m ore  b y -p ro d u c ts  fo rm ed  d u rin g  th e  re a c tio n . This 
b r in g s  a b o u t a sh ift b y  a b o u t 0.1 V o f th e  f in a l sec tion  o f th e  p o la ro g ram  to w a rd  
p o s it iv e  va lues, as co m p ared  w ith  th e  b u ffe r  so lu tion . T his effect w as observed , 
b u t  n o t  s tu d ied  in  d e ta il.

O w ing  to  these  d ifficu ltie s , th e  w ave h e ig h ts  given in  th is  p a p e r  can n o t 
be  re g a rd e d  as a c cu ra te  as u su a l in  p o la ro g rap h y , there fo re  th e  re su lts  m u st 
be  in te rp re te d  w ith  c au tio n .

2. D evelopm ent o f the polarographic wave

F ig . 1 shows th e  p o la ro g ram s o f sam ples ta k e n  from  a so lu tio n  o f III, 
th e  p H  o f  w hich has been  a d ju s te d  to  8 . A t th e  beg inn ing  o f  th e  reac tio n , 
sa m p le s  w ere ta k e n  in  ev e ry  second h o u r. T he developm ent o f th e  p o la ro 
g ra p h ic  w ave can be c lea rly  seen  in  th e  fig u re . I t s  h e ig h t a t  th e  te rm in a tio n  
o f  th e  re a c tio n  is n ea r to  t h a t  o f  th e  co rresp o n d in g  e thy lene im ino  co m p o u n d  [2].

F ig . 1. D evelopm ent of the w ave o f Degranol: 2 • 1 0 -4 M  Degranol allow ed to stan d  a t 25 °C 
in  0 .01  M  phosphate buffer o f p H  8, and pok.rographed < fter 0, 2, 4, 6 and 8 hours at a 
con cen tra tio n  of 10 ~4 M  a t  pH  6 in  0.025 M  phosphate buffer; S =  16 • 1 0 -9 A ; H g level 

30 cm ; 25 °C; from  —0.8 V on; A E  =  50 mV
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In  o u r fu r th e r  w ork , w e s tu d ie d  th e  b eh av io u r o f  th is  w ave u n d e r  various 
e x p e rim e n ta l cond itions, to  com pare  an d  possib ly  id e n tify  i t  w ith  th e  b e h a v io u r 
o f  th e  w aves of th e  co rresp o n d in g  e th y lene im ino  d e riv a tiv e  (I I ) . T h e  m ech an ism  
o f th e  reac tio n  p ro duc ing  th e  w ave, an d  th e  effect o f  e x p e rim e n ta l co n d itio n s  
on th is  m echanism  w ill be  d iscussed  in  fu r th e r  com m u n ica tio n s.

T h e  s ta r tin g  m a te ria l o f o u r p resen t in v es tig a tio n s  w as in  each  case 
D eg ran o l p re tre a te d  in  th e  m a n n e r described , a n d  co n v erted  b y  th is  p r e t r e a t 
m e n t in to  th e  com pound  g iv ing  th e  w ave.

3. In fo rm a tive  experim ents

F ig . 2 shows th e  p o la ro g ram  o f th e  w ave reco rd ed  u n d e r v a r io u s  ex p e ri
m e n ta l cond itions. In  th e se  ex p erim en ts  th e  h e ig h t o f th e  m e rc u ry  lev e l, and 
th e  te m p e ra tu re  o f th e  so lu tio n  p o la ro g rap h ed  h av e  been  v a ried , a n d  th e  effect 
o f  th e  presence o f g e la tin  h as  been  in v es tig a ted .

As i t  can  be seen, th e  h e ig h t o f th e  w ave increases w ith  in c re a s in g  te m 
p e ra tu re . C alcu lated  from  th e  po larog ram s reco rded  a t  20 a n d  30 °C, th e  
te m p e ra tu re  coefficien t is 2 .25, s im ila rly  to  t h a t  o f  th e  co rre sp o n d in g  e th y l
eneim ino  com pound [2 ].

S im ilarly , an  id e n tic a l b eh av io u r w as fo u n d  w ith  re sp ec t to  th e  effect 
o f th e  h e ig h t o f th e  m e rc u ry  level. On th e  basis  o f  th e  co rre sp o n d in g  tw o

Fig. 2. Inform ative polarogram s: Degranol allowed to stand at pH  8.5 and polarographed  
a t a concentration of 10 M  (from  left to right): 1. 30 °C; 30 cm Hg level; 2. 20 °C; 60 cm  
H g level; 3. 20 °C; 30 cm H g level; 4. the sam e in the presence of 0.05%  o f  gelatin .

For the other data, see F ig. 1
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c u rv e s  o f  th e  figure, a n  a b o u t  1.4-fold w ave h e ig h t co rresponds to  a tw ofold 
m e rc u ry  level he igh t. T h is  v a lu e  is p rac tica lly  id e n tic a l  w ith  [/2 , c h a rac te ris tic  
o f  d iffu sio n  waves.

T h e  presence o f  g e la t in  sh ifts  the  w ave in  th e  sam e w ay  in  th e  n eg a tiv e  
d ire c t io n , as i t  was th e  ca se  w ith  th e  co rre sp o n d in g  cyclic co m p o u n d  (II).

4 . E ffe c t o f  gelatin

F ig . 3 shows th e  w a v e  recorded a t  in c re a s in g  ge la tin  co n cen tra tio n s. 
E v e n  in  th e  presence o f  0 .0 1 %  gelatin , th e  w av e  is  sh ifted  so fa r  to  th e  rig h t

F ig .  3.  T he effect o f gelatin . P olarogram s of 10 ~4 M  D egranol allow ed to stand at p H  8.5; 
r e c o rd e d  on  solutions con ta in in g  (from  left to right) 0, 0 .0 1 , 0 .02, 0 .03, 0.04 and 0.05%  of

gelatin

t h a t  i t  is alm ost co m p le te ly  m erg ed  w ith  th e  en d  o f  th e  po la rog ram . W hen  th e  
q u a n t i t y  of gelatin  is f u r th e r  increased, th e  w av e  d isap p ears  com plete ly , 
a n d  o n ly  th e  slope o f th e  c u rv e  changes a lm o st im p e rc e p tib ly . T he co rresp o n d 
in g  ethy leneim ino  c o m p o u n d  (II) showed a c o m p le te ly  sim ilar b eh av io u r [2].

5. E ffe c t o f  temperature on the temperature coefficient

I n  our previous co m m u n ic a tio n  i t  has b een  re p o rte d  th a t  th e  te m p e ra 
tu r e  coefficien t of th e  e th y le n e im in o  com pounds in v e s tig a te d  decreases w ith  
in c re a s in g  te m p e ra tu re , a n d  a t  low te m p e ra tu re s  i t  is in d ic a tiv e  o f  th e  p a r tly  
k in e t ic  ch a rac te r of th e  w a v e . I t  can be seen fro m  F ig . 4 th a t  th e  w ave given 
b y  th e  solution of III a f te r  reac tio n  in a lk a lin e  m ed iu m  shows an  id en tica l 
b e h a v io u r . For co m p ariso n , th e  values o b ta in e d  fo r  th e  sy n th e tic  cyclic com 
p o u n d  (II) are also p lo t te d  in  F ig . 4.
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Fig. 4. T e m p e ra tu re  coefficient o f  th e  w av e . T he te m p e ra tu re  coefficien t c a lcu la te d  fro m  th e  
w av e-h e ig h t ra tio s  o f 10 M  D e g ran o l a f te r  s tan d in g  in  a lk a lin e  m ed iu m , as a fu n c tio n  o f th e  
te m p e ra tu re  o f  th e  record ing  o f th e  p o laro g ram . T he p o in ts  p lo tte d  w ere c a lcu la te d  on  th e  
b asis  o f w av es o b ta in ed  a t  te m p e ra tu re s  b y  5 °C low er a n d  h ig h er, re sp ec tiv e ly , th a n  th e  
te m p e ra tu re  fo r  w hich th e  p o in t w as p lo tte d , о о s ta r tin g  fro m  D eg ran o l; о — О I I  (sy n th e tic )

6. Decomposition o f  the com pound  producing the wave

F ig . 5 show s th e  ch an g e  as a fu nc tion  o f  tim e  o f th e  w ave h e ig h ts  on 
s ta n d in g  a t  50 °C in  a so lu tio n  o f  p H  6, fo r th e  co m p o u n d  fo rm ed  from  D eg ran o l 
an d  fo r I I .  T h e  coincidence o f  th e  tw o curves is  obv ious.

Fig. 5. D im in u tio n  of th e  w ave  h e ig h t. T he w ave of 10 M  D eg ran o l a f te r  s ta n d in g  a t  p H  
8 .5 ; p o la ro g ra p h ed  in  a so lu tio n  a d ju s te d  to  p H  6, a f te r  pe rio d s o f 30 m in . s ta n d in g  a t  50 °C.

(M ark in g  is th e  sam e as in  F ig . 4.)
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Com plete s im ila r ity  w as also found w hen  th e  above so lu tio n  w as allow ed 
to  s ta n d  in  sligh tly  ac id  o r  a lka line  m edium  in  0.025 M  p h o sp h a te  bu ffe r, a t a 
c o n c e n tra tio n  of 10 ~3 M  a n d  a t  20 °C; a deco m p o sitio n  o f 33 %  to o k  place 
a t  p H  5, and of 15%  a t  p H  9 a fte r tw o d ay s  o f  s tan d in g . T h is is p rac tica lly  
in  acco rdance  w ith  th e  v a lu e s  found for I I  [2].

C oncerning th e  n a tu r e  o f th e  re a c tio n  causing  th e  d im in u tio n  o f th e  
w a v e  heig h t, we re fe r  to  th e  w ork of A n h a l t  a n d  B e r g  [ 3 ] .  T hese au th o rs  
s tu d ie d  th e  change o f  a  b is -e th y len e im in o -b en zo q u in o n e  d e r iv a tiv e  in  solu
t io n ,  an d  estab lished  t h a t  th e  ethy leneim ino  r in g  su ffered  h y d ro ly tic  cleavage:

/ C H 2

- N  I +  H 20 -  — - N H - C H 2- C H 2- O H  
4 C H 2

T his reaction  is fa v o u re d  in  acid m ed iu m . W e h av e  ev e ry  reason  to  as
su m e  th a t  an an a logous re a c tio n  takes p lace  in  o u r case.

T h is reaction , as i t  w as seen, also p roceeds in  a slig h tly  a lka line  m edium , 
th u s ,  ev iden tly  also in  th e  case, when D eg ran o l is allow ed to  s ta n d  to  give a 
w a v e . H ow ever, in  th is  case  th e  fo rm atio n  o f  th e  e th y len e im in o  d e riv a tiv e  
d o es n o t proceed to  1 0 0 % . T h is  explains t h a t  s ta r t in g  w ith  D egrano l, generally  
a lo w er wave is o b a tin e d  th a n  w ith  I I  o f  th e  sam e c o n cen tra tio n .

Fig.  6. E ffect of the buffer concentration. 5 • 1 0 -4 M  D egranol in 0.025 M  phosphate buffer 
(p H  9), after standing a t 25 °C, polarographed a t a concentration  o f 10 ~a M  in solutions 
con ta in in g  (from left to  r igh t) 0 .0125 , 0.025, 0.05, 0.1 and 0.2 M  phosphate buffer, respectively.

For the other data see F ig . 1
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7. E ffec t o f  the buffer concentration

F ig . 6 shows th e  p o la ro g ram s o f th e  w aves reco rd ed  in  so lu tions o f  v a rio u s  
b u ffe r co n cen tra tio n s. I t  c an  be  seen th a t ,  s im ila rly  to  th e  case of I I ,  th e  h e ig h t 
o f  th e  w ave is p ra c tic a lly  in d e p e n d e n t o f th e  b u ffe r c a p ac ity  a t  low  co n cen 
tr a t io n s ;  a t  h igher c o n c e n tra tio n s  th e  w ave is sh ifted  a n d  c a n n o t b e  e v a l
u a te d .

Fig.  7. E ffect o f the concentration o f the depolarisator. Degranol, after stan ding  a t  pH  8, 
polarographed in 2.5, 5, 10 and 18 • 10 -5 M  concentration in 0.025 M  phosp hate  buffer  

adjusted to pH  6. S  =  4, 8, 16 and 30 • 10 ~9 A

Fig. 8. Graphic representation o f  the values o f Fig. 7, calculated for full ga lvanom eter
sensitiv ity

7 Acta Chim. Acad. Set. H ung. 63, 1970
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8 . E ffec t o f  the concentration o f  the depolarisator

F ig . 7 shows p o la ro g ra m s  recorded a t  c o n c e n tra tio n s  v a ried  w ith in  th e  
l im its  o f  th e  m easu rin g  ra n g e  (a t sen sitiv ities ch an g ed  p ro p o rtio n a lly ), while 
F ig . 8 is a d iag ram  o f  th e  re la tio n sh ip  b e tw een  th e  w ave h e igh t an d  concen
t r a t io n .  B o th  figures sho w  t h a t  th e  wave h e ig h t is  p ro p o rtio n a l to  th e  concen
t r a t io n ,  again in  acco rd  w ith  our resu lts fo r I I .

9 . Reaction with th iosu lfa te

S im ilarly , as d e sc r ib e d  in  our p rev ious co m m u n ica tio n , th e  p re se n t su b 
s ta n c e  u n d er e x a m in a tio n  w as reac ted  w ith  a n  excess o f N a2S20 3 an d  th e

h

Fig. 9.  Reaction w ith th io su lfa te . 1 0 -3 M  Degranol in 0.025 M  phosphate buffer adjusted  
t o  p H  8, 25 °C, cllow ed to  sta n d  for 16 hours; adm ixed  w ith  3 • 1 0 -3  M  N a 2S 20 3, and the 
t im e  curve of the reaction recorded at pH 4 w ith  a polarograph at a constant potentia l of 
— I V .  The values show n in  th e  diagram  are expressed as percentages o f the h ighest value

of the curve

h =  f ( t )  curve was p lo t te d  o n  th e  basis o f th e  f a c t  t h a t  d u ring  th e  course o f th e  
r e a c tio n  a new co m p o u n d , g iv ing  rise to  a p o la ro g ra p h ic  w ave, h ad  form ed. 
T h e  tim e-cu rv e  o f th e  re a c tio n  is shown in  F ig . 9. O n th is  cu rve , th e  ha lf-tim e  
o f  th e  reac tion  u n d e r th e  g iv e n  conditions is 36 m in u te s , w hich is in  good agree
m e n t  w ith  th e  30 m in u te s  found  for th e  cy c lic  su b stan ce  in  o u r prev ious 
co m m u n ica tio n .

T h e  ex am in a tio n  o f  th e  reac tio n  w ith  th io s u lfa te  an d  th e  p ro d u c ts  fo rm ed, 
w ill b e  rep o rted  in  d e ta i l  in  an o th e r co m m u n ica tio n .

10. E ffec t o f  the p H  on the polarogram

O n th e  basis o f  p o la ro g ra m s no t p re se n te d  he re , th e  d ependence  o f  th e  
w av e  h e igh ts has been  p lo t te d  as a function  o f  th e  p H  o f th e  m edium  (F ig . 10). 
S im ila rly  to  th e  e th y le n e im in o  com pound [2], i t  w as found  th a t  th e  w ave h e igh t
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Fig. 10. E ffect o f the pH  on the wave. The wave height o f  the polarogram  of 10~4 M  D egranol 
after standing in slig h tly  alki line m edium ; recorded in 0.025 M  phosphate buffer adjusted  
to  different pH  values, as a function  of the pH , expressed as percentages o f  the h ighest va lue

dim in ishes a t  a lk a lin e  p H  v a lu es; in  fac t, th e  w av e  m a y  com pletely  d isap p ea r. 
F ro m  F ig . 10, th e  v a lu e  o f  p k ’ is 8.2, w hich is in  s a tis fa c to ry  ag reem en t w ith  
th e  v a lu e  o f  8 .1, fo u n d  p rev io u sly  [2 ] fo r th e  e th y len e im in o  com pound.

The author’s thanks are due to Misses M. D e w a t h  and É .  M a j l á t h  for tech n ica l 
assistance; to the Chem ical W orks Chinoin for a sam ple o f Degranol and to Dr. P . Irene  
H o r v á t h  for her va luab le  advice.
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ANWENDUNG VON AMIDCHLORIDEN 
IN RINGSCHLUSSREAKTIONEN, 1

SY N T H E SE  VON 4(3H )-C IIIN A Z O L IN O N D E R IV A T E N  U N I) 
A L K Y L E N -B IS-3,3’-4(3II)-C H IN A Z O L I NO NEN

Z. C s ű r ö s ,  R . S o ó s ,  J .  P á l i n k á s  und I . B i t t e r

( L e h r s tu h l  f ü r  O r g a n is c h - C h e m is c h e  T e c h n o lo g ie , T e c h n i s c h e  U n i v e r s i t ä t , B u d a p e s t )

Am idchloride aus d isubstitu ierten Säuream iden und Phosgen w urden  m it 
M ethylanthranilat in R eaktion gebracht. A us den entstandenen tr isubstitu ierten  
A m idin-hydrochloriden wurden 4(3H )-ChinazoIinonderivate und A lky len -b is-3 ,3 ’-4- 
-(3H )-chinazolinonderivate hergestellt. Der R ingschluß wurde m it a lip hatischen  und  
arom atischen primären Am inen, H ydrazin, P henylhydrazin , Aminosäuren u n d  A lkylen
diam inen bew erkstelligt. Der M echanism us der R ingschlußreaktion wurde un tersu ch t  
und ein m öglicher R eaktionsw eg angegeben.

D ie therapeutische W irkung von  Verbindungen, die Pyrim idinringe en thalten , 
ist längst bekannt. Ein stärkeres Interesse für kondensierte Pyrim idinderivate, besonders 
für solche m it C hinazolinskelett, besteht jedoch nur neuerdings, seit sich herausgestellt 
hat, daß sie verschiedenartige chem otherapeutische W irkungen ausüben . D iesem  
Interesse entspricht unser Ziel, die Synthese solcher und ähnlicher V erbindungen m it 
einem  neuen Verfahren, unter Anwendung von m it Phosgen hergestellten A m idchloriden  
durchzuführen.

A m idch lo ride  sind ä u ß e rs t reak tio n sfäh ig e  V erb indungen . Ih r e  A n w en 
dung  fü r  p rä p a ra t iv e  o rgan isch-chem ische Z w ecke erfo lg te  jedoch  n u r  im  le tz te n  
J a h rz e h n t.

E in  A m idch lo rid  w urde e rs tm a lig  d u rc h  W a l l a c h  [1] aus D iä th y lfo rm - 
am id  m it P h o sp h o rp en tach lo rid  h e rg es te llt.

A u ß er P h o sp h o rp en tach lo rid  w erden  am  h äu fig s ten  T h io n y lch lo rid  u n d  
P h o sp h o ro x y ch lo rid  verw en d et. N eu erd ings w u rd e  festgeste llt, d aß  im  e rs te n  
R e a k tio n ssc h ritt  e in  A d d itio n sp ro d u k t e n ts te h t ,  welches n u r bei h ö h eren  
T e m p e ra tu ren  in  A m idch lo rid  ü b e rg e fü h rt w ird . F ü r  p rak tisch e  Z w ecke k a n n  
dieses A d d u k t ebenfalls g u t anste lle  des re in en  A m idchlorids an g e w e n d e t 
w erden , jed o ch  erschw eren  die N e b e n p ro d u k te  die V erarb e itu n g .

H a l l m a n n  [2] s te llte  A m idch lo rid  m it  P hosgen  her. D ieses V e rfa h ren  
is t seh r v o r te ilh a f t , da  die R e a k tio n  n ic h t bei dem  p rim ären  A d d itio n sp ro d u k t

Eingegangen am  13. Februar 1969

C„H5 О
'  \  ✓

N - C  + P C l5 —
\ .

N  —CHCI2 +  P 0C 13
/

C2H 5
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s te h e n  b le ib t, so n d ern  b e re its  bei n iedrigen T e m p e ra tu re n  A m idchlorid  geb ild e t 
w ird :

R R '
\  I

N — C = 0 +  COCL,
/

R

R R '
\  I

N — C — O —C0C1
/  ©

R

0
CI

o°c -----*■

R  R '
\  I

N — C —CI
/  ©

R J

©
Cl CO.,

D er w eitere  V o rte il d e r  H erste llung  m it  P h o sg en  b es teh t d a r in , d a ß  ein 
re in es  P ro d u k t e rh a lte n  w ird . A ufgrund d e r  h o h e n  R eak tio n sfäh ig k e it w ird  
d ie  S tru k tu rfo rm e l des A m idch lo rids in  Io n e n fo rm  geschrieben [3, 4].

R  Cl R  Cl R  CI
\  I  \  I  \ ©  I Q

N  — C —R ' N  — C —R'-«-» N  =  C —R ' CI
/ I  /  © /

R  CI |_R R

D iese S tru k tu r  w ird  d u rch  L e itfäh ig k e itsm essu n g en  [5], d u rc h  das im
®IR -S p e k tru m  bei 6ц  a u f tre te n d e , fü r die B in d u n g  ] > C = N =  c h a ra k te ris tisch e  

A b so rp tio n sm a x im u m  sow ie du rch  die T a tsa c h e  b e s tä t ig t ,  daß  die A m idch lo ride  
n u r  in  p o la ren  L ö su n g sm itte ln  gu t löslich sin d .

E in e  c h a ra k te ris tisc h e  R eak tion  d er A m id ch lo rid e  is t die B ild u n g  von  
N ,N ,] \ ’- tr isu b s ti tu ie r te n  A m id inen  m it p r im ä re n  A m inen [6].

R Cl [R  R '
\ ©  1 © \ ©  1

N =  C — R ' Cl +  R"NH3 - N = C - N H - R '
/ /Lr R

0
C l+ H C lj

D ie frei w erd en d e  S alzsäure  w ird d u rc h  d as  prim äre  A m in  geb u n d en . 
D ies s tö r t  bei a ro m a tisc h e n  A m inen n ich t, d a  d a s  A m idchlorid  au ch  bei R a u m 
te m p e ra tu r  le ich t m it  d em  H ydroch lo rid  des a ro m atisch en  A m ins re a g ie rt. 
B ei a lip h a tisch en  A m in en  lä u f t die R e a k tio n  je d o c h  n u r bei T e m p e ra tu re n  
o b e rh a lb  von 100 °C v o lls tä n d ig  ab. Die A m in g ru p p e n  im  A m idin k ö n n en  m it 
A m m o n iak  oder m it e in em  p rim ären  A m in  a u sg e ta u sc h t w erden . Ä h n lich  wie 
bei d e r  H ydro lyse  w ird  im m e r zuerst die A m in o g ru p p e  m it zwei S u b s titu e n te n  
a u sg e ta u sc h t.

R R ' - R ' R
\ ©  1 © © 1 © \

N =  C -  N H - R " Cl +  NH, - N H , =  C—NH —R' Cl + NH
//

//
R _ R

A cta  Chim. Acad. Sei. Hung. 63, 1970
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D iese R eak tio n  w u rd e  d u rc h  E iling sfeld  u n d  M ita rb . [7, 8 , 9] zum  
R in g sch lu ß  angew endet. A us /9 -K etam inen  h erg este llte  t r is u b s ti tu ie r te  A m i
d in h y d ro ch lo rid e  w u rd en  m it  d en  A m m onium salzen  von  sch w ach en  S äu ren  
in  R e a k tio n  g eb rach t u n d  a u f  diese W eise kon d en sie rte  P y rim id in r in g v e r
b in d u n g e n  (z. B . C hinazoline) h e rg este llt.

C H 3
® /  / V

О N H —C H =  N  N N  r H
H I \  й  .  I  I \

/ \ / ' \  с н з C? +  N H „ -  +  N H X 1 + H „ 0
1 1 /

C H 3

Z u r H erste llu n g  des A m id insalzes w u rd e  n ic h t das re in e  A m id ch lo rid , 
so n d e rn  d as  A d d u k t aus D im e th y lfo rm am id  u n d  T h io n y lch lo rid  v erw en d e t. 
D er R in g sch lu ß  w urde  in  A lkohol d u rc h g e fü h rt. A u f d iesem  W eg  is t  es den 
g e n a n n te n  V erfassern  ge lungen , u . a. 4 -M ethy lch inazo lin , 4 -P h en y lch in azo lin  
u n d  versch iedene A n th ra p y rim id in d e riv a te  zu  sy n th e tis ie ren .

D iese am ino ly tische  S p a ltu n g  h ab en  w ir als R ingsch luß  d e r au s  o-A m ino- 
b en zo esäu red e riv a ten  h e rg e s te llte n  tr isu b s ti tu ie r te n  A m id inen  zu  V e rb in d u n 
gen  vom  P y rim id in o n -T y p  v e rw en d e t. In  d iesem  F a ll b e s te h t a u ß e r  d e r  A m m o
n o lyse  au c h  die M öglichkeit d e r A m inolyse, w odurch  sich ein W eg z u r  H e rs te l
lu n g  v o n  N -su b s titu ie rte n  D e riv a te n  e rö ffnet.

M e th y la n th ra n ila t u n d  m it P hosgen  herg este lltes  D im e th y lfo rm am id ch lo 
r id  w u rd e  in  R eak tio n  g e b ra c h t:

D as e rh a lten e  N ,N -D im e th y l-N ’-(2 -ca rb o m eth o x y p h en y l)-fo rm am id in - 
h y d ro c h lo rid  k o n n te  m it A m m o n iak  bzw . A m m o n iu m ace ta t m it  re c h t  gu te r 
A u sb e u te  in  4(3H )-C hinazo linon  ü b e rfü h r t  w erden :

О

D as 4(3H )-C hinazo linon  u n d  seine D e riv a te  sind  lä n g s t b e k a n n te , für 
d ie  In d u s tr ie  w ichtige V erb in d u n g en . E ines d e r ä lte s ten  u n d  seh r a llgem einen

Acta Chim. Acad. Sei. H ung. 63, 1970
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V e rfa h ren  h a t  N i e m e n t o w s k i  [10] a u sg ea rb e ite t. E r  s te llte  4 (3H )-C hinazolinon  
d u rc h  E rh itz e n  v o n  A n th ra n ils ä u re  m it ü b e rsch ü ss ig em  F o rm am id  h e r.

D u rch  E rh itz e n  v o n  A n th ra n ilsä u re a m id  u n d  N -A cy lan th ran ilsäu ream id  
m it  w asse ren tz ieh en d en  M itte ln  können  eb en fa lls  4 (3H )-C hinazo linone ge
w o n n en  w erden [11, 12].

U n te r  den n e u e re n  V erfah ren  sch e in t d as  v o n  G r i m m e l  u n d  G u e n 

t h e r  [13] das e in fach ste  zu  se in . E r  e rh itz te  N -A c e ty la n th ran ils äu re  m it einem  
p r im ä re n  A m in u n d  P h o sp h o rtr ic h lo rid  in  T o lu o l:

E s  sind  auch  V e rfa h re n  b ek an n t, w elche — äh n lich  der d u rch  u ns au s
g e a rb e ite te n  S yn these  — ü b e r  N -(2-C arboxy- b zw . C arb a lk o x y p h en y l)-am id i- 
ne  v e rlau fen .

So e rh ä lt S t e p h e n  [14] das 4(3H )-C hinazo linon  aus M e th y la n th ra n ila t 
u n d  N -A ry lb en z im id ch lo rid .

О

F ü r  den obigen an g en o m m en en  R eak tio n sw eg  g ib t der V erfasser ke inen  
B ew eis. Z ur B in d u n g  d e r  S a lzsäu re  b e n u tz t e r 100%  A m in überschuß . D as 
P ro d u k t  k an n  n u r m ü h sa m  h e ra u sp rä p a rie r t w erd en .

P e t e r s e n  undTiETZE [ 1 5 ]  stellen durch Reaktion von cyclischen Lactim- 
äthern und Anthranilsäure O-Amidinobenzoesäurederivate her, aus welchen 
unter energischeren Bedingungen 4(3H)-Chinazolinonderivate gebildet werden.

A d a  Chim. Acad. Sei. Hung. 63, 1970



CSŰRÖS und  M itarb.: ANW ENDUNG VON AM ID CH LO RIDEN, I 2 1 0

G egenüber den e rw ä h n te n  V erfah ren  b e s itz t die d u rch  u ns a u sg e a rb e ite te  
S y n th ese  m ehrere  V orteile . D ie überw iegende M ehrzahl d e r 4 (3H )-C hinazo li- 
n o n d e riv a te  w ird  bei n ied rig en  T e m p e ra tu ren , m it g u te r  A u sb eu te  u n d  a u f  seh r 
e in fachem  W ege e rh a lten .

D er e rste  S c h ritt d e r S y n th ese  b e s te h t in  d er H erste llu n g  des A m id ch lo 
rid s . R  O  T R  C I

\  I l  \ ©  I 0
N — C - R ,  +  COCI, — N =  C —R t CI +  CO..

/  /
R  L r

I
( R t =  H , A lky l, A ry l, A ra lk y l; R  =  A lkyl)

D as A m idch lo rid  w ird  in  T o luo l aus N ,N -d isu b s titu ie rtem  S ä u re a m id  u n d  
P h o sg en  h e rgeste llt. D ie D a u e r u n d  T e m p e ra tu r  der R e a k tio n  h ä n g t  vom  
S ä u re a m id  ab . D an ach  w ird  aus dem  A m idch lo rid  u n d  der A m in o v e rb in d u n g  
d as  A m id in h y d ro ch lo rid  h e rg es te llt.

I +

X =  OH. N H 2, 0 CH 3

D ie R eak tio n  w ird  hei 2 0 —40 °C in  abso lu tem  C hloroform  d u rc h g e fü h rt. 
U n te r  den  A n th ra n ilsä u re d e riv a te n  erwies sich  das M e th y la n h tra n ila t  als 
b e s ten s  geeignet, deshalb  b e fa ß te n  w ir uns n u r  m it dem  R ingsch luß  d e r  d a ra u s  
h e rg es te llten  A m idinsalze.

A ls Beweis fü r die S tru k tu r  d e r A m idinsalze is t in  A bb. 1 d as  IR -S p e k -  
tru m  des N ,N -D im eth y l-N ’-(2 -ca rb o m eth o x y p h en y l)-fo rm am id in -h y d ro ch lo rid s  
w iedergegeben .

A d a  Chim. Acad. Sei. H ung. 63, 1970
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W e l l e n z a h l  ( c m - 1 )
Abb. 1. IR -S p ek tru m  des N ,N -D im e th y l-N '-(2 -ca rb o m e th o x y p h en y l)-fo rm am id m -h y d ro -

chlorids

w iedergegeben  is t. Im  IR -S p e k tru m  des N ,N -D im e th y l-N ’-(2 -carbom ethoxy-
©

p h en y lj-b e n z a m id in -h y d ro c h lo rid s  is t n ä m lic h  d ie  ^ C = N ^  B an d e  infolge 
d e r  K o n ju g a tio n  m it  d e r  P h en y lg ru p p e  n a c h  1625 cm _1 verschoben .

In  Tabelle I  s in d  d ie  Z e rse tz u n g s te m p era tu re n  u n d  d e r H C l-G ehalt ein iger 
A m id insa lze  z u sam m en g es te llt.

D er d r it te  S c h r it t  d e r  Synthese is t  d e r  R in g sch lu ß  des A m idinsalzes.

Tabelle I

Schm elzpunkt und HCl-Gehalt einiger Amidinsalze

i
> L  K i J

A u sb e u te ,
% S c h m e lz p u n k t,  °C

H C l-G eh a lt, %

ber. gef.

R  =  C H 3, R t =  H , X  =  O C H 3 98,2 165— 167
Z ersetzung

15,03 15,11

R  =  C 2H 5, R j =  C6H 5, X  O C H 3 91,8 168— 170
Z ersetzung

10,52 10,55

R  =  C H 3, R t =  H , X  =  O H 95,6 168— 172
Z ersetzung

15,95 15,88

R  =  C H 3, R t =  H , X  =  N H , 96,4 132— 134
Z ersetzung

16,02 16,19

A cta  Chim . Acad. Sei. Hung. 63, 1970
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D ie B ande ^ C = 0  b e f in d e t sich bei 1708 cm  _1, die B an d e  ^C =  N^ bei

©
1677 cm  _1. Die le tz te re  z e ig t, daß  die D o p p e lb in d u n g  in  d er G ruppe J;C =N ^ 
n ic h t  kon ju g ie rt is t ,  d a ß  also  die Lage d iese r G ru p p e  in  F o rm el I I I  rich tig



CSŰRÖS und M itarb.: ANW EN DU N G  VON A M ID C H LO R ID E N , I 2 2 1

1. Ringschluß  zu  4>(3H)-Chinazolinonen

D er R in g sch lu ß  des tr isu b s ti tu ie r te n  A m id in h y d ro ch lo rid s  e rfo lg t a u f  
E in w irkung  v o n  p rim ären  A m inen  bzw . ih re r  m it  schw achen  Säuren g e b ild e te n  
Salze.

l l I + R j N H , —
N - R 3

I
C — R l

IV

(R.j =  H , A lky l, A ryl, A ra lk y l, N H 2, N H R l o d e r R 3N H 2 =  A m inosäure)

D er R in g sch lu ß  w ird  m it d e r äq u im o la ren  M enge oder einem  g erin g en  
Ü berschuß  des R eagens d u rc h g e fü h rt. Im  a llg em ein en  v e rläu ft die R e a k tio n  
bei R a u m te m p e ra tu r . E inige S tu n d e n  d a u e rn d e s  K o ch en  is t n u r d a n n  e rfo r
derlich , w enn  d as  angew endete  A m in  eine z iem lich  schw ache B ase is t .

In  A bb . 2 — 5 sind  die IR -S p e k tre n  e in ig e r ch a ra k te ris tisch e r 4 (3 H )- 
C hinazolinone w iedergegeben.

W e l l e n z a h l  ( c m - 1 )

Abb. 2. IR -S p e k tru m  des 3 -(2 -H y d ro x y ä th y l)-4 (3 H )-ch m azo lm o n s

In  den  S p e k tre n  zeigen sich  zw ischen 1500 u n d  1700 c m -1 zwei s ta rk e  
B anden , in  Ü b e re in s tim m u n g  m it den  E rg e b n isse n  v o n  R a n d a l l  [16] u n d  
C u l b e r t s o n  [17]. D ie s tä rk e re  N -A cy lca rb o n y l-B an d e  k an n  in  sä m tlic h e n  
F ällen  zw ischen  1637 und  1704 c m -1 id e n tif iz ie r t  w erden . Die a n d e re , um  
1600 c m '1 a u f tre te n d e  B ande is t  w ah rsch e in lich  fü r  die B indung  ^ C = N — 
c h a ra k te ris tisch . In  den S p ek tren  d er d u rch  u n s h e rg es te llten  3 -su b s titu ie r te n  
4(3H )-C hinazo linone w urden  a u ß e rd em  dre i c h a ra k te ris tisc h e  B an d en  gefun-

A cta  Chim. Acad. Sei. Hung. 63, 1970
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Mikron
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Abb. 3. IR -Spektrum  des 3-(4-M ethyIphenyl)-4((3H )-chinazolinons
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Abb. 4. IR -Spektrum  des 2-P henyl-3-am ino-4(3H )-chinazolinons

Mikron

Abb. 5. IR -S p e k tru m  des 3 -(2 -C arb o x y ä thy l)-4 (3H )-ch inazo linons

Ал.‘~ C h im . A ca d . S e i. H u n g . 6 3 , 1970
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den . Zwei m itte ls ta rk e  oder schw ache B anden  zeigen sich  zw ischen 1563 u n d  
1580 c m -1, bzw . 1473 u n d  1484 c m -1; diese sin d  w ah rsch e in lich  die V a len z
schw ingungen  des a ro m a tisch en  G erüstes. Z w ischen  769 u n d  780 cm -1 m e ld e t 
sich  die fü r die a ro m a tisc h e  o rth o -D isu b s titu tio n  c h a ra k te ris tisch e , zu r E b en e  
sen k rech te  C H -S chw ingung . D ie le tz te re  B an d e  is t  o ft gespa lten .

2. R in g sch lu ß  zu A lkylen-bis-3 ,3 ,-4‘(3H)-chinazolinonen

Diese, unseres W issens n a c h  b isher noch  n ic h t  b esch rieb en en  V e rb in d u n 
gen w erden ana lo g  zu  den  V erb in d u n g en  (IV) h e rg e s te llt , w obei als A usg an g s
s to ffe  t r is u b s ti tu ie r te  A m id insalze  u n d  D iam in o a lk an e  v erw en d e t w erden .

2 III +  N H j - ( C H 2)„— I4H 2 —

(n =  2 ,3 ,.  . .)

D ie R e a k tio n  w ird  bei äqu im olarem  V erh ä ltn is  d e r K o m p o n en ten  u n d  
R a u m te m p e ra tu r  in  M ethano l d u rch g e fü h rt. D as ausgesch iedene P ro d u k t 
w ird  f i ltr ie r t. M erkw ürd igerw eise  w urde gefunden , d a ß  au c h  d an n  (V) e n ts te h t , 
w enn das D iam in o a lk an  in  d re ifachem  Ü b ersch u ß  v e rw e n d e t u n d  das A m id in  
zum  A m in gegeben w ird .

In  A bb. 6 is t  d as  IR -S p e k tru m  des Ä th y Ien -b is-3 ,3 '-4 (3  H )-ch inazo linons 
w iedergegeben.

M i k r o n

W e l l e n z a h l  ( c m - 1 )

Abb. 6. IR -S p e k tm m  des A thy lcn -b is-3 ,3 '-4 (3 H )-ch in azo lin o n s

Acta Chinu Acad. Sei. Hung. 63, 1970
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D ie  N -A cy lcarb o n y l-B an d e  b e f in d e t sich  bei 1675 c m -1, d ie  B ande 
^>C =  N — bei 1611 c m -1, d ie  V a lenzschw ingungsbanden  des a ro m a tisch en  
G e rü s te s  bei 1568 u n d  1468 cm  -1, d ie  fü r  d ie  a rom atische  o r th o -D isu b s titu tio n  
c h a ra k te ris tis c h e , zu r E b en e  sen k re c h te  C H -S chw ingungsbande in  gesp a lten e r 
F o rm  be i 770 und  778 c m -1 .

D ie  S chm elzpunk te  u n d  d ie E rg eb n isse  d er E le m e n ta ran a ly se  d e r e rh a l
te n e n  C h in azo lin o n d eriv a te  s in d  in  T ab e lle  I I  zu sam m en g efaß t.

Tabelle II

Schmelzpunkte und Analysenergebnisse der synthetisierten Chinazolinonderivate

S c h m e lz p u n k t,
°C

A u s
b e u te

A n a l y  s e

V e rb in d u n g c b e r. % gr f - %
CS
>

/о
c H N C H N

4(3H )-Chinazoli- 
non  =  К а 2 0 8 - 1 2 96,2 65,76 4,12 19,15 65,70 4,06 19,14

З-СН з-К b 104— 5 95,0 67,50 5,00 17,50 67,58 5,01 17,42

3-(2-O H -äthyl)-K b 151 — 4 90,2 63,15 5,26 14,74 63,10 5,31 14,85

3 -B u ty l-K b 69 — 72 96,9 71,29 6,93 13,86 71,29 6,79 13,90

3-(4-CH 3-phenyl)-K C 1 3 9 - 4 3 94,1 76,27 5,08 11,86 76,29 5,09 11,85

3-B en zy l-K C 1 1 7 - 8 92,7 76,27 5,08 11,86 76,23 5,21 11,90

3-(4-O H -phenyl)-K C 215— 25 91,5 70,58 4,20 11,76 70,67 4,11 11,59

3 -(4 -N H 2-phenyl)-K C
Zersetzung

174— 7 91,5 70,89 4,64 17,72 70,85 4,66 17,81

3-P h en y l-K d 135— 8 68,2 75,67 4,50 12,61 75,81 4,52 12,60

2-P henyl-K d 235— 40 82,6 75,67 4,50 12,61 75,72 4,43 12,80

2 -P h en y l-3 -N H 2-K d 177— 8 78,2 70,89 4,64 17,72 70,90 4,63 17,73

3-(2-C arboxyäthyl)-K e 155— 70 81,9 60,55 4.59 12,84 60,52 4,58 12,80

3-(3-Carboxypropyl)-
-K e

Zersetzung 

131 — 3 85,8 62,07 5,17 12,06 62,20 5,21 12,01

3-P henylam ino-K c 168— 70 93,1 70,89 4,64 17,72 70,92 4,61 17,75

3 -N H 2-K f 208— 9 91,2 59,62 4,35 26,08 59,54 4,38 26,13

Ä th ylen-b is-3 ,3 ’-K f 232 — 6 94,9 67,92 4,40 17,61 68,01 4,34 17,62

H exylen -b is-3 ,3 ’-K f 178 -  80 96,3 70,58 5,88 14,97 70,59 5,86 14,90

D ie Id en tifiz ie ru n g  d e r  s y n th e tis ie r te n  V erb indungen  w u rd e  d u rc h  E le 
m e n ta ra n a ly s e , S ch m e lzp u n k tb es tim m u n g , gegebenenfalls d u rc h  T itra t io n  m it 
P e rc h lo rsä u re  in  n ic h tw ä ß rig e r  L ösung  u n d  d u rch  IR -S p e k tro sk o p ie  d u rc h 
g e fü h r t .  D ie IR -S p e k tre n  w u rd en  m it K B r-P a s tille n  m it dem  P e rk in -E lm er- 
S p e k tro p h o to m e te r  237 au fg en o m m en .

A cta  Chim . Acad. Sei. Hung. 63, 1970
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Diskussion des Synthesemechanismus

D ie e rs ten  b e id en  S c h ritte  d er S y n th ese , d . h . die B ildung des A m id ch lo 
rids bzw . des A m id ins sind  g ek lä rt [7].

D er M echanism us des R ingschlusses is t  je d o c h  noch  u n g e k lä rt.
R ied und Mitarb. [18, 19] synthetisierten das 4(3H)-Chinazolinon aus 

Anthranilsäure und Iminoester und nahmen folgenden Reaktionsmechanismus an :

Ih re r  M einung n ach  b e n ö tig t diese R e a k tio n  S äu rek a ta ly se . D ies w ird  
auch  d u rch  die U n te rsu c h u n g  von  F inger  [20] b e s tä t ig t ,  dem  es — au s M ethy l- 
a n th ra n ila t  au sg eh en d  — n u r  bei hohen  T e m p e ra tu re n  und  m it seh r geringen  
A u sb eu ten  gelang , den  R ingsch luß  d u rc h z u fü h re n .

I n  dem  d u rc h  uns au sg ea rb e ite ten  V e rfa h ren  v e rläu ft die R in g sc h lu ß 
re a k tio n  d e r aus M e th y la n th ra n ila t h e rg e s te llte n  A m idinsalze le ic h t u n d  m it 
rech t g u te r  A u sb eu te . Z ur In te rp re tie ru n g  d iese r R e a k tio n  geben w ir fo lgenden  
R eak tio n sm ech an ism u s an :

D er e rs te  S c h r it t  is t  eine am in o ly tisch e  S p a ltu n g  des A m id in sa lzes , 
deren  p rim äres  P ro d u k t die m ono- oder d is u b s titu ie r te  A m idinbase i s t :

D iese V o rste llu n g  b e ru h t a u f  d er A n n a h m e , d aß  die B as iz itä t d es  A m i
dins — infolge d e r  e lek tro n en an zieh en d en  W irk u n g  der E s te rg ru p p e  — d e r
m aß en  geschw äch t w ird , d aß  die S alzsäure  d u rc h  das abgespaltene  D im e th y l
am in  g ebunden  w ird .

D er R in g sch lu ß  der A m id inbase erfo lg t d a n n  a u f  E inw irkung  des P ro to n 
k a ta ly sa to rs  D im e th y lam in h y d ro ch lo rid  in  e in e r A cy lie ru n g sreak tio n , w obei 
A lkohol a u s t r i t t :

Acta Chim. Acad. Sei. H ung. 63, 1970
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+  ROH

D ie  als In te rm e d iä rp ro d u k t en steh en d e  A m id in b ase  k o n n te  n ic h t  iso lie rt 
w e rd e n . J e d o c h  is t es u ns gelungen , das In te rm e d iä rp ro d u k t des m it  P h e n y l
h y d ra z in  d u rch g e fü h rten  R ingsch lusses, d .h . en tsp rech en d e  H y d ra z id in b a se  
in  F o rm  e in e r k ris ta llin en , s ta b ile n  V erb in d u n g  zu  isolieren.

D ie  H y d raz id in b ase  is t  näm lich  in  k a lte m  A lkohol so w enig lö slich , d aß  
sie au sg esch ied en  w ird  u n d  dem gem äß  bei Z im m e rte m p e ra tu r  k e in e  Cycli- 
s ie ru n g  erfo lgen  k an n . W ird  n u n  dieses iso lie rte  In te rm e d iä rp ro d u k t in  A lkoho l 
zu m  S ied en  e rh itz t, so s e tz t  es sich n ic h t zu m  en tsp rech en d en  4 (3H )C hinazo- 
lin o n  u m . W ird  jed o ch  D im e th y la m in -h y d ro c h lo rid  zugegeben, so e rfo lg t d er 
R in g sc h lu ß  zum  C h in azo lin o n d eriv a t schnell.

D ies  is t  ein  Bew eis fü r  unsere  obige A n n a h m e , w onach im  e rs te n  S c h r i t t  
d e r  R e a k tio n  die en tsp rech en d e  B ase g eb ild e t w ird  u n d  ih r  R in g sch lu ß  info lge 
d e r k a ta ly t is c h e n  W irk u n g  des als N e b e n p ro d u k t en ts teh en d en  D im e th y la m in 
h y d ro c h lo r id s  erfo lg t.

Ü b e r  unsere  U n te rsu c h u n g e n  m it H y d ra z id in e n  u n d  über die A n w en d u n g  
u n se re s  V erfah ren s zu r H e rs te llu n g  m eh re re r  v e rsch ied en artig e r h e te ro c y c li
sch e r V e rb in d u n g en  soll in  e in er n äch s ten  M itte ilu n g  b e rich te t w erd en .

E xperim en te ller T eil

1. Synthese von A m idchloriden

1.1 D im e th y l fo r m a m id c h lo r id .  73,09 g (1 M ol) D im eth y lfo rm am id  w erd en  in  500 m l 
T oluo l g e lö s t. 118,7 g (1,2 Mol) Phosgengas w erden  m it  e in e r G eschw indigkeit, bei d e r d ie 
T e m p e ra tu r  des R eak tio n g em isch es zw ischen 1 0 —20 °C b le ib t, in die L ösung  e in g e le ite t.

D e r  ausgeschiedene w eiße N iedersch lag  w ird  r a sc h  a b filtr ie rt, m it abs. Ä th e r  o d er 
P e t r o lä th e r  gew aschen u n d  im  V a k u u m ex s ik k a to r g e tro c k n e t.

D ie  A u sb eu te  is t p ra k tisc h  q u a n ti ta t iv .
S c h m e lz p u n k t: 140— 145 °C.

A cta  Chim . Acad. Sei. Hung. 63, 1970
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1.2 Diäthylbcnzamidchlorid.  88,5 g (0,5 Mol) D iäthylbenzam id werden in 500 m l Toluol 
gelöst. 59,35 g (0,6 Mol) Phosgengas werden bei 25— 30 °C in die Lösung gele itet. D as abge
schiedene Öl kristallisiert im Laufe von  24 Stunden aus.

Der erhaltene weiße N iederschlag wird rasch filtriert, m it abs. Äther oder P etroläther  
gewaschen und im V akuum exsikkator getrocknet.

A usbeute: 97,5%
Schm elzpunkt: 7 8 —85 °C, unter Zersetzung.

2. Synthese von Am idinen

2.1 NiN-Dimethyl-N'-(2-carbomethoxyphenyiyformamidin-hydrochlorid.  13 g (0,1015  
Mol) D im ethylform am idchlorid werden in 150 ml abs. Chloroform gelöst. E ine L ösung von
15,1 g (0,1 Mol) M ethylanthranilat in Chloroform wird langsam  zugegeben, w obei die T em 
peratur n icht über 40 °C steigen darf. D ie Lösung wird auf dem  W asserbad ein ged am pft und  
das P rodukt getrocknet.

A usbeute: 23,8 g (98,2% )
Schm elzpunkt: 165— 167 °C, unter Zersetzung.
2.2 N ,JY-D iä thy l-N '-(-2-carbomethoxyphenyl)-benzamidin-hydrochlorid.
2.3 N ,N-Dimethyl-N'-(2-carboxyphenyl)-formamidin-hydrochlorid.
2.4 N,N-Dimethyl-N'-(2-carboxamidophenyl)-formamiäin-hydrochlorid.
D ie Verbindungen 2.2, 2.3 und 2.4 werden unter den gleichen Bedingungen hergestellt  

wie 2.1. Bei 2.3 und 2.4 kann ein Teil des Am idinsalzes durch Filtrieren isoliert w erden . Der 
in  der Lösung bleibende Teil wird durch Eindam pfen gewonnen.

3. H erstellung von 4(3Il)-C h inazolinoneii und A lkylen-bis 3,3’-4 (3H )-ch in azolinonen

D ie Verbindungen werden aus den entsprechenden Am idin-hydrochloriden und Ainineu  
bei R aum tem peratur oder durch einige Stunden dauerndes Kochen in M ethanol hergestellt. 
Die Produkte werden durch Eindam pfen oder Filtrieren isoliert.

D ie Varianten des Verfahrens werden an H and einiger Beispiele vorgeführt. D ie  übrigen  
synthetisierten  Verbindungen sind in Tab. II zusam m engestellt, wobei jew eils die verw endete  
V ariante des Verfahrens angegeben ist.

3.1 4(3H)-Chinazolinon ( a ) . 24,25 'g (0,1 Mol) N ,N -D im eth y l-N /-(2-carbom ethoxy-  
phenyl)-form am idin-hydrochlorid werden in 100 m l M ethanol gelöst. Die Lösung wird m it  
Am m oniakgas gesättigt. Nach zw eistündigem  Stehen wird auf dem W asserbad ein ged am pft, 
das Produkt m it wenig W asser gewaschen und getrocknet.

A usbeute: 14,2 g (96,2% )
Schm elzpunkt: 208 — 212 °C
3.2 3-B uty lA (3H ych inazo linon ( b ) .  24,25 g (0,1 Mol) N ,N -D im ethyl-N '-(2-carbo- 

m ethoxyphenyl)-form am idin-hydrochlorid werden in 100 m l Methanol gelöst. 7,31 g (0,1 МоГ) 
B utylam in werden zugegeben. D ie Lösung wird 1 Stunde lang bei R aum tem peratur gerührt 
und danach a u f dem W asserbad eingedam pft. D as erhaltene hellgelbe Öl kristallisiert sofort. 
E s wird m it wenig W asser gewaschen und getrocknet.

A usbeute: 19,5 g (96,9% )
Schm elzpunkt: 6 9 —72 °C
3.3 3(4-Am inophenyiy4(3H ychinazolinon ( c )  24,25 g (0,1 Mol) N ,N -D im eth y l-N '-  

-(2-carbom ethoxyphenyl)-form am idin-hydrochlorid werden in 100 ml M ethanol gelöst. 10,81 g 
(0,1 Mol) p-Phenylendiam in werden zugefügt. D ie Lösung wird 1 Stunde lang im Sieden  
gehalten und dann abgekühlt. N ach 24stündigein Stehen wird der ausgeschiedene N iedersch lag  
abfiltriert, m it Wasser und wenig A lkohol gewaschen und getrocknet.

A usbeute: 21,7 g (91,5% )
Schm elzpunkt: 174— 177 °C.
3.4 3-Phenyl-4(3H)-chinazolinon ( d ) .  24,25 g (0,1 Mol) N ,N -D im ethyl-N '-(2-carbo- 

m ethoxyphenyl)-forinam idin-hydrochlorid werden in 100 ml M ethanol gelöst. 9,31 g (0,1 Mol) 
Anilin werden zugegeben. Nach 2 Stunden bei Siedetem peratur wird die Lösung eingedam pft. 
D as erhaltene hellgelbe ö l  bildet nach kurzem Stehen einen öligen Kristallbrei. D ieser wird 
m it wenig Petroläther verrührt, dann wird filtriert, m it wenig W asser und Alkohol gew aschen  
und getrocknet.

A usbeute: 15,14 g (68,2% ).
Schm elzpunkt: 135— 138 °C.

8 Acta Chim. Acad. Sei. H ung. 63, 1970



2 2 8 CSŰRÖS und  M itarb.: ANW ENDUNG V O N  A M ID C H LO R ID E N , I

3.5 Z-(2-Carboxyäthyl)-\-(ZH)-chinazolinon ( e ) .  24,25 g (0,1 Mol) N ,N -D im eth y l-N '-  
-(2-carbom ethoxyphenyl)-form am idin-hydrochlorid w erden in 250 m l M ethanol gelöst. 8,91 g 
(0 ,1  Mol) /?-Alanin w erden zugegeben. Nach 3 Stu nd en  bei Siedetem peratur wird die Lösung  
e in gedam pft. Das erhaltene dunkelgelbe Öl wird steh en  gelassen, wobei ein K ristallbrei m it 
öliger Verunreinigung en tsteh t. Der Brei wird m it w enig  A lkohol verdünnt, die K ristalle  
w erden abfiltriert, m it w en ig  W asser und A lkohol gew aschen und getrocknet.

Ausbeute: 17,85 g (81 ,9% )
Schm elzpunkt: 155— 170 °C, unter Zersetzung.
D as salzsaure Salz schm ilzt —  in Ü bereinstim m ung m it dem  Literaturwert —  bei 

212— 214 °C unter Z ersetzung.
3.6 Hexylen-bis-b,^'-\(ZH)-chinazolinon ( f ) .  24,25  g (0,1 Mol) N ,N -D im eth y l-N '-

(2-carbom ethoxyphenyl)-form am idin-hydrochlorid w erden in 100 ml M ethanol gelöst. 5,53 g 
(0 ,05  Mol) H exam ethylen diam in  werden zugegeben. D ie  ausgeschiedenen K ristalle werden  
abfiltriert, m it wenig W asser gewaschen und getrocknet.

Ausbeute: 18,0 g (96 ,3% ).
Schm elzpunkt: 178— 180 °C.
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VIOLEOXANTHIN AND TAREOXANTHIN
( P R E L I M I N A R Y  C O M M U N I C A T I O N )

J .  S z a b o l c s  and G y . T ó t h

(Chemical Institute  o f  the Medical University, Pécs)

R eceived J u ly  21, 1969

T a re o x a n th in  in dand e lio n  flow ers an d  v io leo x an th in  in  p a n s y  flow ers 
w ere re p o r te d  by  S t r a i n  et al. [1 ]  a n d  S t r a i n  [ 2 ] .  A s can be seen from  th e ir  n am es, 
ta re o x a n th in  is sim ilar in  m a n y  resp ec ts  to  ta ra x a n th in , a n d  v io le o x a n th in  
to  v io la x a n th in .

T h e  p resen t p ap e r p re se n ts  ev idence to  show  th a t  v io le o x a n th in  is a 
c is -v io lax an th in  [3, 4], an d  ta re o x a n th in  is a m ix tu re  of n eo lu te in  e p o x id e  A ,  
n eo lu te in  epoxide B , an d  a sm all a m o u n t o f c is-v io lax an th in .

Iso m eriza tio n  of v io leo x an th in  w ith  iod ine [5] y ielded v io la x a n th in , a n d  
in v erse ly , n a tu ra l  v io la x a n th in  w hen  isom erized  w ith  iodine c o n v e rte d  in to  
v io le o x a n th in . V io lax an th in  from  v io leo x an th in  has th e  sam e p h y s ic a l a n d  
chem ical p ro p ertie s  as n a tu ra l  v io la x a n th in . B o th  v io lax an th in s  gave  a u ro x a n -  
th in s  w ith  acid , an d  ze a x a n th in  w ith  LiAlH,, [6 ].

T h e  low  m elting  p o in t (m .p . 112 °C), th e  iod in e-ca ta ly zed  s te re o m u ta tio n  
an d  th e  lig h t-ab so rp tio n  p ro p e rtie s  (F ig . 1) show  th a t  v io leo x an th in  is  a cis- 
isom er [7] (th e  IR  sp ec tru m  o f v io leo x an th in , F ig . 2, is id en tica l w ith  t h a t  of 
v io la x a n th in ) . T he Amax sh ift (4 — 5 m r ) a n d  th e  low  cis-peak  (10 _3 • E  == 1 1 .6 ;  
335m ц) in d ica te  th a t  v io le o x a n th in  h as  a p e rip h e ra l cis double  b o n d . T h u s , 
on th e  a n a lo g y  o f n eo x an th in  [8 ], it  seem s reasonab le  to  assum e t h a t  v io le 
o x a n th in  is 9 -m ono-c is-v io laxan th in .

T h e  ab so lu te  co n fig u ra tio n  o f  th e  h y d ro x y l groups and  th e  ep o x id e  rin g  
in  v io le o x a n th in  are  th e  sam e as th o se  o f  n a tu ra l  v io lax an th in  b e c a u se , a p a r t  
from  th e  sam e origin, v io la x a n th in  gained  from  v io leo x an th in  b y  io d in e- 
c a ta ly z ed  s te re o m u ta tio n  has th e  sam e o .r .d . cu rve  [9] as n a tu r a l  v io la 
x a n th in , I .

8 * Acta Chim. Acad. Sei. H ung. 63, 1970
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Zeaxanthin

Fig.  1. E xtinction curves in  b e n z e n e ,------------, v io laxan th in ; ------- , vio leoxanthm
(Лтах 478, 448 and  422 mft; 10“ 3 • E  118.1 , 124.7 and 82.5)

Fig. 2. IR  Spectrum of v io leoxan th in  (in CHC13)

A cta  Chim. Acad. Sei. H ung. 63, 1970
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As i t  is know n , th e  ex is ten ce  o f ta ra x a n th in  has o ften  been  q u es tio n ed  in 
th e  p a s t y ea rs , an d  m a n y  a u th o rs  h av e  concluded  th a t  ta ra x a n th in  is id en tica l 
w ith  lu te in  epoxide [10, 11, 12]. T h is is in  ag reem en t w ith  o u r ex p e rim en ts  
re p o rte d  here , accord ing  to  w h ich  ta re o x a n th in  is a m ix tu re  o f  n eo lu te in  
epox ide  A ,  neo lu te in  epox ide  В  a n d  a sm all a m o u n t o f  c£ s-v io lax an th in .

The chrom atogram  o f th e  dandelion flower extract* is as follow s:

Zones (inm ) P ig m en ts* *
^max (m**) 

in  benzene

^max (na/i) 

in  H C l-b en zcn c

5 yellow 457 428 457 428
1 red furanoid-derivatives ((494)) 460 431 ((494)) 459
3 yellow 460 432 459 431

12 ochre neolutein В 486 456 486 453

15 ochre lutein 489 456 488 455

6 yellow tareoxanthin 479 449 458 430
20 yellow lutein epoxide 483 453 460 431

* All pro ced u res w ere c a rried  o u t  u n d e r  th e  sam e co n d itio n s as th o se  u se d  b y  S t r a in
et al.

** P igm ents are listed in the order o f decreasing adsorption affin ities.

T he p ig m en t ad so rb ed  b e tw een  lu te in  a n d  lu te in  epox ide  show ed  th e  
sam e p ro p e rtie s  as th o se  d esc rib ed  for ta re o x a n th in  in  th e  l i te ra tu re .

R ech ro m a to g rap h y  o f ta re o x a n th in  on a C aC 0 3 co lum n d ev e lo p ed  w ith  
a m ix tu re  o f benzene a n d  p e tro le u m  e th e r  fu rn ish ed  2 b a n d s , one o f  w hich 
consisted  of neo lu te in  epox ide A  an d  th e  o th e r o f n eo lu te in  ep o x id e  B . The 
p resence  o f neo lu te in  epox ide  A  a n d  neo lu te in  epox ide В  in  ta re o x a n th in  was 
also p ro v ed  b y  th e  fa c t t h a t  n e o lu te in  epoxide A  an d  n eo lu te in  ep o x id e  В  d id  
n o t  s e p a ra te  from  each  o th e r  in  th e  ch ro m ato g rap h ic  sy s tem  o rig in a lly  used  
b y  S t r a i n  [ 2 ] .

O n isom eriza tion  w ith  iod in e , ta re o x a n th in  gave th e  fo llow ing p ig m en ts : 
n eo lu te in  epox ide A ,  n eo lu te in  epox ide  B ,  a sm all a m o u n t o f  v io la x a n th in  
a n d  a ll-irons lu te in  epoxide.

T hese find ings m ak e  i t  c lea r th a t  ta re o x a n th in  is n o t  a n  in d iv id u a l 
c a ro ten o id , b u t  a m ix tu re  o f  c is-lu te in  epoxides an d  c is -v io lax an th in .

*

W e wish to express our gratitude to  Professor В. C. L. W e e d o n  for his usefu l com m ent 
on the optical rotatory dispersion curve o f  violaxanthin  prepared from v io leoxanth in .

Acta Chim. Acad. Sei. H ung. 63, 1970



232 SZABOLCS, T Ó TH : V IO LEO X A N TH IN  AND T A B EO X A N TH IN

REFERENCES

1. St r a in , H. H., Ma n n in g , W. M., Hardin, G.: Biol. Bull. 86, 169 (1944)
2. St r a in , H. H.: Arch. Biochem. and Biophys. 48, 458 (1954)
3. Cu r l , A. L., B a il e y , G. F.: Food Res. 22, 323 (1957)
4. S u b b a r a y a n , С., Са м а , H. R.: Indian J. Chem. 3, 463 (1965)
5. T s u k id a , K., Ze c h m e is t e r , L.: Arch. Biochem. and Biophys. 74, 408 (1958)
6. Ch o l n o k y , L., Sz a b o lc s , J., T ó th , Gy .: Ann. 708, 218 (1967)
7. Z e c h m e is t e r , L.: Cis-trans Isomeric Carotenoids, Vitamins A and Arylpolyenes. Springer

Verlag, Wien, 1962
8. (the late) Ch o l n o k y , L., Gy ö r g y f y , К., R ó n a i, Á ., Sza bo lcs , J., T ó th , Gy ., Galasko ,

G., Mallam s, A. K., W a ig h t , E. S., W e e d o n , В. C. L.: J. Chem. Soc. (C), 1969, 1256
9. B a r t l e t t , L., K l y n e , W., M o s e , W. P., Sc o pe s , P. M., Ga la sk o , G., Ma llam s , A. K.,

W e e d o n , B. C. L., S z a b o lc s , J., T ó th , Gy.: J. Chem. Soc. (In the press)
10. Cr o z ie r , G. F.: Comp. Biochem. Physiol. 23, 179 (1967)
11. E g g e r , К.: Planta 80, 65 (1968)
12. T ó t h , Gy., Sza bo lcs , J.: Acta Chim. Acad. Sei. Hung. (In the press)

Jó z s e f  Szabolcs 1 
G y u la  T óth  J CCS’

R ák ó cz i ú t  80. H u n g a ry

Acta Chim. Acad. Sei. H ung. 63, 1970



Acta Chimica Academiae Scientiarum Hungancae , Tomus 63 ( 2 ) ,  p p .  233— 236 (1970)  

B O O K  R E V I E W S  — B U C H B E S P R E C H U N G E N  Р Е Ц Е Н З И И  К Н И Г

J .C . J üngers, e t L. Sajus (avec la  co llab o ra tio n  de J .  de Aguirre e t D. 
D ecroocq): L ’analyse cinétique de la transform ation chim ique. É d itio n s  te c h n i
ques P a ris , 1968, to m e  I I .  1253 S eiten  (französisch)

Dieses Buch erschien in einer Serie »Science et technique du pétrole«, dem  Inhalt nach 
geht es aber w eit über das spezielle Interesse der in der E rdölw issenschaft Interessierten  
hinaus. E s ist eine ganz eigenartige Bearbeitung des Problem s des chem ischen Vorganges, 
die sich n icht in den klassischen R ahm en der chem ischen Stoffaufteilung, w ie etw a physi
kalische Chemie, analytische Chemie usw. einordnen läßt. E s ist ein erstklassiges Werk 
m oderner chem ischer K entnisse, wo die einzelnen traditionellen  W issenschaftszw eige integriert 
zusam m enfließen, wie es unser Zeitalter fordert. D ie E inteilung des B uches in großen Zügen 
ist folgende: D as L ösungsm ittel (E lektrische E igenschaften, K inetische E ffekte); R eaktions
schem a und M echanism us (Stöchiom etrie und Therm odynam ik der E rscheinungen, Kinetik  
der U m w andlung, Physikalische M ethoden der A nalyse, Chemische T ests, K inetische Erwägun
gen); Zusam m enhang zwischen Struktur und m olekularen E igenschaften  (Em pirische Bezie
hungen, Ü ber die E ffekte der Substituenten , A nalytische Beziehungen, E inwirkungen des 
L ösungsm ittels, Zusam m enhänge zwischen den E ffekten der Substituenten , des Lösungs
m ittels und der Tem peratur). Man findet im Buch R eaktionskinetik , Therm odynam ik, Analyse, 
Strukturchem ie, E lektrochem ie, organische Chemie usw. in einer sehr interessanten, jedoch  
sehr konzentrierten Synthese. Der S to ff ist m it T abellen und graphischen D arstellungen  
aus der m odernsten Literatur (hauptsächlich Zeitschriften) erläutert. Das B uch muß man 
lesen, um  es zu schätzen. Zum Nachschlagen ist es weniger geeignet, da m an aufgrund der 
neuartigen Darlegung nicht nach herköm m licher W eise suchen kann; das Sachregister wurde 
jedoch ganz traditionell in erster Linie nach chem ischen Verbindungen zusam m en gestellt, die 
jedoch im  T ex t zum eist nur als Beweisführung für das eben Vorgeführte dienen. Man könnte  
hier und da mir der A uffassung der Verfasser wohl disputieren, daß es aber zu den 
in teressantesten  Büchern gehört, die ich in letzter Zeit gesehen habe, wage ich zu behaupten.

F. Szaba d vary

A rzne im itte l, E n tw icklung , W irkung , D arstellung. H erau sg eg eb en  v o n  G. E rh ä r t  
u n d  H . R usch ig . V erlag  C hem ie, W einheim , 1968. 1921 S eiten

D em  Neuling auf dem G ebiet der A rzneim ittelforschung —  sei er Chemiker oder 
Pharm akologe — stehen nur wenige Handbücher zu Verfügung, die ihm  den Überblick über 
dieses stets ausgedehnter und m annigfaltiger werdende G ebiet erleichtern würden. Es 
erscheinen zwar von Jahr zu Jahr neue Bände von v ielen , hervorragend redigierten B uch
reihen, welche einzelne Spezialthem en m onographieartig bearbeiten, jedoch sind diese 
—  gerade wegen ihrem M onographiecharakter —- für Anfänger, bzw. für ein um fassendes 
Studium  des gesam ten F achgebietes weniger geeignet.

Im  letzten  Jahrzehnt sind insgesam t nur zwei Werke von allgem einem  Interesse erschie
nen: M edicinal Chem istry von  A. B u r g e r  (USA, 1960) und Grundlagen der A rzneim ittel
forschung und der synthetischen  Arzneim ittel von J. B ü c n i (Schw eiz, 1963.). D iese, auch 
heute noch zeitgem äßen Standardwerke können im Bücherschrank eines jeden A rzneim ittel
forschers aufgefunden werden. Seit der Zeit ihrer E rscheinung wurden jedoch viele neue, 
hochwirksam e A rzneim ittel entw ickelt und viele neue Angaben über Zusam m enhänge
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zw ischen  Struktur und b iologischer W irkung veröffentlicht. D ie  H erausgabe eines W erkes, 
w elch es die Ergebnisse auch der le tz ten  zehn Jahre um faß t und ausw ertet, war also höchst 
aktu ell.

Im  zweibändigen W erk, w elch es —  redigiert von  Herren Professor E r h ä r t  und  
H u s c h i g  —  unter der M itw irkung der Forscher der Farbwerke H oechst AG erschienen ist, 
wird der S to ff  in pharm akologischer Gruppierung behandelt. In den einzelnen K apiteln  werden 
—  n a ch  der Definierung der betreffenden  Arzneim ittelw irkung —  die w ichtigsten  pharm a
k olog ischen  U ntersuchungsm ethoden und anschließend die zur betreffenden Gruppe gehören
den P harm aka dargestellt. D abei w ird der E ntw icklungsw eg einiger w ichtigen, auch in prak
tischer H insich t bedeutenden V erbindungsgruppen geschildert und auf die eventuellen  N eben
w irkungen  der Pharmaka und gegebenenfalls auf die M öglichkeiten ihrer B eseitigung eingegan
gen. D a n a ch  folgt die Synthese der behandelten  V erbindungen, wobei die bezüglichen L iteratur
z ita te  angegeben werden.

B and  I befasst sich m it der Pharm akodynam ik und en thält folgende K apitel: Aufbau  
u n d  F unktionsw eise des N ervensystem s; Parasym pathom im etica; Spasm olytica; Antiparkin- 
so n m itte l;  Sym pathom im etica u n d  Sym patholytica; M uskelrelaxantien; A ntih istam inica, 
L okalan aesth etica; Narcotica; H y p n o tica ; A nalgetica; Psychopharm aka; A ntiepileptica; 
A n a lep tica ; K reislaufm ittel; herzw irksam e Glykoside und A glykone; B lu t; D iuretica; Thera- 
peutica  m it W irkung auf den M agen-Darm -Trakt; R ön tgenkontrastm itte l; V itam ine; 
H o b oran tia  und Tonica.

In  Band II werden chem oterapeutische M ittel in folgender Gruppierung behandelt: 
A n th elm in th ica ; Präparate gegen Protozoen; A ntim ykotica; antibakteriell w irkende Sub
sta n zen ; V irusm ittel; K rebsm ittel; Substanzen zur Steigerung der unspezifischen Abwehr; 
A n tisera  und Im pfstoffe.

In  einem  kurzen A nhang w ird der W eg und das V erhalten der W irkstoffe im  Organis
m us behandelt.

A nerkennung gebührt den V erfassern der einzelnen K apitel für die sorgfältige A uswahl 
des M aterials und für die klare, einen  guten Überblick gebende Art der B ehandlung. D ie  
schöne A usstattung des W erkes is t  das Verdienst des Verlages Chemie.

D as Buch ist ein W egweiser für die m edizinische G rundlagenforschung und ein Helfer 
a u f dem  W eg zur gezielten A rzneim ittelsynthese.

G y .  D e á k

F e rd in a n d  von  Sturm: Elektrochem ische Strom erzeugung. C hem ische T aschen- 
b ü ch e r-S e rie , V erlag C hem ie, 1969, herausgegeben  von  W ilhelm  F o e rs t u n d  
H e lm u t  G rünw ald , W ein h e im , B e rg s tr . 189 Seiten , 87 A bb ild u n g en , 13 T abellen

D a s Ziel der Serie »Chem ische Taschenbücher« ist, einen kurzen Ü berblick über die 
h eu tigen  K enntnisse auf einzelnen Fachgebieten zu geben.

D as vorliegende B uch, gegliedert in H auptabschnitte über primäre und sekundäre  
E lem en te  bzw. Brennstoffzellen, entspricht diesem Ziel in vollem  Maße. Der Verfasser geht 
im m er von  den therm odynam ischen Grundlagen aus und behandelt dann die prinzipiell 
m öglichen  und die in der P raxis w irtschaftlich ausführbaren Zellen. D ie ökonom ische  
O rientierung ist übrigens —  neben der streng chem isch-w issenschaftlichen B ehandlung des 
T hem as —  für das ganze B uch charakteristisch. D ie noch offenen, bzw. zur Zeit in w irtschaft
licher H in sich t noch ungelösten Problem e werden besonders hervorgehoben, w odurch auf 
die w eiteren  Entw icklungsrichtungen hingewiesen wird. D iese F eststellung g ilt besonders 
für das K apitel über B rennstoffzellen , welches den größeren Teil des Buches ausm acht.

D as klar und verständlich geschriebene Buch ist eine genußreiche Lektüre. Für den 
Leser, der sich nach dem erhaltenen Überblick in E inzelheiten  zu vertiefen w ünscht, wird 
dies durch reichliche L iteraturangaben erleichtert.

D a s Erscheinen dieses hervorragend gelungenen B uches kann nur w ärm stens begrüßt 
w erden . Nur eine einzige kritische B em erkung wäre vielleich t zu erwähnen: die K inetik der 
E lektrodenvorgänge, bzw. die P olarisation  wird im Zusam m enhang m it den Brennstoffzellen  
b eh an d elt, obwohl diese E rscheinungen auch bei den prim ären und sekundären E lem enten  
a u f treten .

J. D É V A Y
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W . K i r m s e : Carbene, Carbenoide und Carbenanaloga. V erlag  Chem ie, 1969. 
X I I  +  260 Seiten

D as vorliegende, 260 Seiten  starke Büchlein von  Professor K ir m se  ist der siebte Band  
der hier in Ungarn noch n icht allgem ein bekannten Serie »Chemische Taschenbücher« des 
Verlags Chemie. Das Ziel, das sich die Herausgeber (W . F oerst und H . Grünewald) und der 
Verlag m it der H erausgabe der Reihe gesetzt haben, b esteh t darin, den Chem ie-Studenten, 
denen es —  infolge der stürm ischen Entw icklung der m odernen Chemie —  im  Rahm en des 
norm alen Studium s (einschließlich Spezialvorlesungen) heute  einfach nicht mehr m öglich ist, 
sich wenigstens einen Überblick über alle w ichtigsten T eilgebiete zu verschaffen, billige  
Büchlein in die H and zu geben, anhand welcher sie ihr aus den Lehrbüchern gesam m eltes 
W issen erweitern und vertiefen  und bis zu dem neuesten  Stand eines Spezialgebietes V or
dringen können. D iese Z ielsetzung entspricht dem T rend, der heute in den w issenschaftlich  
und industriell höchsten tw ickelten  Ländern zu beobachten ist (m an denke an die vielen  
ausgezeichneten Paperbacks des englischen Sprachgebietes aus allen Zweigen der W issen
schaft), und es ist auch klar, daß ein B uch über Carbene in diese Reihe gehört.

Das vorliegende W erk behandelt alle Aspekte der Carbenchem ie, angefangen m it der 
Bildung der Carbene und ihrem  N achw eis sowie den N om enklaturfragen, über theoretische  
Problem e der Carbenstruktur und ihre U ntersuchungsm ethoden, die verschiedenen R eaktions
m öglichkeiten in A bhängigkeit von  den R eaktionsbedingungen (G asphase oder in Lösung, 
inter- oder intram olekular), die sog. Carbenoide (das sind reak tive  Zwischenstufen, man könnte  
auch sagen, »gebundene« Carbene, die sich in einigen, jed och  n icht allen ihren R eaktionen  
wie die »freien« Carbene verhalten), die präparativen A nw endungsm öglichkeiten der Carbene 
und Carbenoide, ganz bis zur Chemie der Carbenanalogen (w ie N itrene, atomarer Sauerstoff, 
atom arer K ohlenstoff —  ein D icarben —  usw.). Zu jed em  K apitel gehört eine Literatur
zusam m enstellung m it insgesam t über 1000 L iteraturzitaten, unter w elchen der überwiegende  
Teil aus den Jahren 1964— 1968 stam m t. Schon hieraus fo lg t, daß m an es hier m it einem  in  
der T at auch die neuesten  Ergebnisse in Betracht ziehenden W erk zu tun hat, und es ist  
sehr erfreulich, daß der Verlag durch die rasche V eröffentlichung dazu beigetragen bat, daß  
das W erk seine A k tu a litä t n ich t verlor.

Abgesehen vom  letzten  K apitel (»Carben-Analoge«), w elches der Verfasser absichtlich  
recht kurz gehalten h at (da es sich um  ein bereits fa st selbständiges Arbeitsgebiet handelt), 
kann man das Werk als eine sehr ausführliche und ausgezeichnete M onographie bezeichnen, 
an H and welcher sich der Leser n icht nur eine erste E inführung in das M aterial, sondern  
auch ein recht tiefes W issen a u f dem  Gebiet der Carbenchem ie verschaffen kann. D ies ist 
ohne Zweifel ein bedeutendes P ositivum , andererseits jed och  ist der R ezensent nicht ganz 
überzeugt davon, daß die F ülle des gebotenen Materials (insbesondere des Tatsachenm aterials) 
für einen durchschnittlichen Studenten nicht doch zuviel sein wird und das Buch daher n icht 
etw as abschreckend wirken könnte. Sollten sich diese B efürchtungen des R ezensenten be
stätigen , so wird dieses sonst ausgezeichnete Büchlein das w . o. zitierte Ziel, welches der 
ganzen Serie gesetzt worden ist, n icht leicht erfüllen können.

Der Druck des B uches und seine A usstattung sind recht gut, das B uch läßt sich sehr 
gut lesen, die Form eln sind klar. Leider finden sich dagegen im  T ex t verhältnism äßig v iele  
Druckfehler. (Vom  Verlag Chemie ist man daran nicht gew öh n t.) V ielleicht hängt dies m it 
der kurzen D urchlaufszeit zw ischen Abgabe des M anuskriptes und der Veröffentlichung  
des B uches zusam m en. D ie m eisten  Druckfehler erschweren das Verstehen des T extes kaum , 
aber in einer nächsten Ausgabe sollten sie dennoch unbedingt korrigiert werden. Ganz be
sonders bezieht sich diese Bem erkung auf die anschließend aufgezählten  Stellen.

S.  34, zw eites Form elschem a: in der Formel des D ideuterom ethylens sowie des D i- 
deuterotrim ethylen-D iradikals feh lt je  ein Elektron und dasselbe g ilt für die erste Grenz
formel des D ideuteroallyl-R adikals;

S.  47, zw eites Form elschem a: auch hier fehlt w ieder ein E lektron, näm lich aus der 
zw eiten Grenzformel des M ethallyl-R adikals-,4C;

S. 61, erstes Form elschem a: in der letzten Form el so llte  der Phenylrest durch einen  
A lkoxycarbonyl-R est ersetzt werden;

S. 65, Zeile 10 von unten: sta tt  BrCl2, CCbLCl m üßte es BrCl2CCH2Cl heißen;
S. 181, zw eites Form elschem a: im  Ausgangsm aterial m üßte es an Stelle von  

. . . =  CR”  . . . =  CR” 2 heißen und im Produkt sollten  am  C -4 A tom  des 3-O xa-bicycIo- 
[3,1,0] hexan-G erüstes zwei R ', am  C—6 Atom  dagegen zw ei R "  R este  haften, nicht je  ein 
R ' und R ”  R est an beiden Stellen;

S.  238, Zeile 10 und 16: sta tt  Athoxycarbonylcarben m üßte es Äthoxycarbonylnilrera 
heißen;
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S . 242, unterstes Form elschem a: die H älfte der Form el des R eagens R 3P  ist  »abge- 
schn itten« .

Zusam m enfassend kann der R ezensen t die «Carbene, Carbenoide und Carbenanaloga« 
v o n  P rofessor  K ir m se  allen denjenigen K ollegen em pfehlen, die sich für dieses spezielle  Teil
geb iet interessieren und sich darin vertiefen  m öchten.

K . L e m p e r t

A. D . C r o s s  and  R . A. J o n e s : A n  In troduction  to Practical In fra red  Spec
troscopy. T h ird  E d itio n , B u tte rw o r th s , L ondon , 1969

D o u b tlessly  not only  the review -w riter, b u t all infrared spectroscopists w ill welcom e 
the th ird , revised and sign ificantly  enlarged edition  of Cro ss’ book w hich appears w ith  the 
co-au th orsh ip  o f Dr. R. A. J o n e s . T he m ain m erit o f the book is its  ex cep tion a lly  succinct 
s ty le  —  ev en  the enlarged edition  runs on ly  to 100 pages —  and the ease w ith  w hich the 
reader can  survey the m ost im portant group frequencies. These features d istin guish  th is work 
am ong th e  countless un interesting treatises on th e  subject o f infrared spectroscop y and 
render th e  book absolutely necessary.

T h e  book is divided into  tw o  parts. The first part containing 60 pages treats w ith  
u tm o st b rev ity  the application possib ilities o f infrared spectroscopy (rather listin g  these 
p o ssib ilities  than giving details), th e  m ost w idespread types o f instrum ents (providing in 
tabu lar  form  alm ost all o f  their characteristics; the m anufacturer’s nam e and country , price, 
d im en sion s, m ain parts; ligh t source, dispersion device, detector, etc., the  characteristics of 
th e  sp ectra l record: size, linearity, abscissa and ordinate scale, etc., m easuring ranges, resolving  
pow er, reproducibility , accuracy, e tc .), and the different techniques applied in  practical 
sp ectro sco p y .

I t  devotes a few pages to th e  theory of infrared spectroscopy, q u a n tita tive  analytical 
ap p lica tio n s and the possibilities o f  using infrared spectroscopy for stu dying  association  
structures.

T h e  chapter ending the f ir s t  part runs to about 20 pages and illustrates th e  w ay in 
w h ich  sp ectra  are interpreted, p a y in g  special a tten tion  to the structure elucidation  role of 
in fo rm a tio n  obtained by other spectroscopic techniques (NM R, UV, etc.). T his is a special 
co n tr ib u tio n  to the present edition . There is a literature survey containing about 70 references 
a tta ch ed  to  this chapter which covers all im portant books on infrared up to  1967.

T h e  second part com m ences w ith  a set o f  “ m aps” illustrating the a n a ly tica l infrared 
range (3 7 0 0 — 600 cm “ 1), as d iv ided  into  f iv e  sub-ranges. These contain the characteristic  
a b sorp tion  dom ains of the m ost freq uent functional groups, arranged according to  the wave- 
num ber va lues. These m aps render feasib le the quick survey of a lternative assignm ent 
p o ssib ilities  for a given absorption band o f  significance.

T h is  part is concluded b y  a reciprocal scale for the quick interconversion o f wave- 
n u m bers and wavelengths (a lthough  th is is now adays slightly obsolete), a literature lis t of 
12 references and a subject index o f  2 pages.

T he m iddle 25 pages o f th e  second part represent the m ost interesting section  of the 
book . T h e y  present the appearance ranges o f  the characteristic bond- and group frequencies of 
d ifferen t ty p es o f com pounds as c lassified  according to functional groups, togeth er  w ith  the  
w a v en u m b er and w avelength lim its , and ind ications of relative in tensities and occasional 
p ecu lia r itie s  o f the spectral bands. T hese carefully com piled correlation tab les, keeping  
d ep en d a b ility  in view , are of great help, indeed, in  the interpretation of the spectra. This 
part h a s  also been significantly enlarged in  the new  edition, partly by corrections o f  obsolete  
d a ta  and  b y  including new tables conta in ing  m ainly the characteristic frequencies o f hetero
arom atic  com pounds. The brief exp lan ation s appended to the tables, w hich appear first in 
th is e d itio n , are also contributing to  the practical value of this work.

In  conclusion, the book should  prove a usefu l reading m aterial bo th  for stu d en ts and 
beg in n ers (m ainly the first part), and for infrared experts as well (due to the correlation tables 
in th e  second  part).

P . S oháh
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Р Е З Ю М Е

Изучение сольватации хлорида железа (II) с помощью эффекта
Мёссбауэра

К . Б У РГ Е Р , А. ВЕРТЕШ  и И. Н. ЦАКО

Измерялись параметры Мёссбауэра для FeCI2, FeS02 и FeCl, • 4Н20  в различных 
органических растворителях. На основе измерений, проведенных при температуре жид
кого воздуха, было установлено, что параметры Мёссбауэра позволяют получить инфор
мацию относительно строения и состава сольватной оболочки.

Изучение сольватации хлорида железа (II) в смесях метанол-формамид 
с помощью метода Мёссбауэра

А. ВЕРТЕШ , К. Б У Р Г Е Р  и Л . ШУБА

Снимались спектры Мёссбауэра FeCl2, растворенного в смесях метанол-формамид, 
ри температуре жидкого азота.

Было показано, что два различных типа сольватированных частиц железа находятся 
равновесии в замороженных растворах.

Полуэмпирический метод приблизительного расчета паро-жидкостных 
равновесий бинарных смесей спирт-углеводород

Ф. РАТКОВИЧ и Л . МЕСАРОШ

Описывается полуэмпирический метод расчета параметров паро-жидкостных 
равновесий смесей спирт-углеводород. В методе используется в качестве сравнительной 
системы смесь спиртового компонента рассчитываемой смеси с каким-либо другим угле
водородом. При знании свойств смеси, взятой за основу сравнения, могут быть рассчи
таны данные паро-жидкостных равновесий бинарных смесей данного спирта с любым 
другим углеводородом, если известен параметр растворения углеводорода по Гильде
бранду. Погрешность расчетных данных не превышала в изученных случаях ±  3 мол.% 
или +  7 торр. Авторы предлагают данный метод для определения исходных данных, 
необходимых для расчета многокомпонентных смесей спирт-углеводород (постоянные 
Вильсона для бинарных смесей).

Электронографическое исследование строения молекулы (CH3)2,NSON(CH3)2

И. ХАРГИТТАИ и Л . В. ВИЛКОВ

Электронографическим сектор-микрофотометрическим методом было исследовано 
строение молекулы (CH3)2NSON(CH3)2. С помощью метода наименьших квадратов были 
получены следующие длины связей и валентные углы:



r(C — H ) 1.103 ±  0 .008  Â 
r(C — N ) 1.460 ±  0 .008  A 
r (S — О ) 1.480 ±  0 .009  А 
r (S — N ) 1.693 ±  0 .004 А
<  H C N  110.7 ±  1 .6°
<  SNC 116.1 ±  0 .5°
• í  CNC 113.9 ±  1-5°
<£ N S N  96.9 ±  1 .2°
<£ O SN  105.5 ±  0 .8 °

Три формы внутренного вращения оказались наиболее вероятными. Некоторые проблемы 
стереохимии атомов серы и азота были обсуждены. В частности, сопоставление данных о 
конфигурации атома азота в кремний-, фосфор-, серо- и хлор-производных сделало воз
можным предсказать геометрическую конфигурацию атома азота в некоторых неизучен
ных серо- и хлор-производных.

Изучение тетраэдрически координированных ионов Си+2 в Си(1-бензазо- 
-Г>(-фенил-2-нафтиламин)2, с помощью электронного парамагнитного

резонанса

А. РО К ЕН БА У Э Р

Измерялись спектры электронного резонанса Си(1-бензазо^-фенил-2-нафтиламин)2 
в диамагнитно разбавленных поликристаллических образцах. На основе анализа спект
ров были получены следующие параметры:

g„ .= 2,168 ±  0,005, gi =  2,040 ±  0,005;

/Ап/ =  (123 ±  5) . 10-4 см-1, /Ах /< ,  20 . К)-4 см-1.

Эти значения, по-видимому, указывают на то, что четыре атома азота в указанном 
комплексе образуют четырехугольную плоскость, а не тетраэдр, как полагалось ранее 
по химическим соображениям. Это противоречие однако объяснялось тем, что значения 
спектральных параметров, в случае значительного тетрагонального искажения, нельзя 
отличать от значений параметров, характерных для случая расположения атомов азота 
в одной плоскости. Сильное искажение, соответствующее значениям измеренных пара
метров, обосновывалось гибкостью молекулы лиганда.

Крайние значения силовых постоянных и средних амплитуд колебаний 
молекул этилена и его тетрагалогензамещенных, I

С2Н4 и C2D4
Г. ФОГАРАШ И и П. М Е ЗЕ И

Изучая в качестве моделей независимо друг от друга молекулы С2Н4 и C2D4, с 
помощью параметрического метода, предложенного Пулаи и Тёрёкем, был рассчитан 
многочисленный ряд силовых постоянных, репродуцирующих экспериментальные час
тоты нормальных колебаний, и средних амплитуд колебаний. Согласно нашему опыту, 
в случае, если в качестве экспериментальных данных в распоряжении имеются лишь 
нормальные частоты, силовые постоянные могут принимать совершенно нереальные зна
чения, но несмотря на это, и в данном случае можно получить полезные сведения о сило
вом поле, изучая его крайние значения. Изучая амплитуды колебаний в очень широком 
интервале силовых постоянных, результаты в каждом случае отличаются от данных, 
полученных электрондиффракционным методом, что указывает на неопределенность 
последних.



Многослойная адсорбция смеси жидкостей, II

й. то т

Было подробно доказано, что термодинамические проблемы, возникающие вслед
ствие исключительного использования модели однослойной адсорбции, могут быть раз
решены с помощью термодинамической интерпретации многослойной адсорбции, равно
значной однослойной (м.р.о -адсорбция). Было сделано заключение о том, что распреде
ление концентрации в поверхностной фазе, устанавливающейся в результате м р.о -ад
сорбции, по характеру может быть подразделено на две группы, что находится в согласии 
с положением о конкретных свойствах конкретных адсорбционных систем. К первой 
группе относится такое распределение, которое обеспечивает непрерывный перепад 
концентрации между поверхностной и внутренней фазой. В этом случае концентрация в 
каждом слое поверхностной фазы больше, чем во внутренней фазе, но с уменьшающейся 
тенденцией (положительная-положительная адсорбция). Согласно другой возможности, 
в слоях поверхностной фазы устанавливается адсорбция с противоположными знаками 
(положительная-отрицательная адсорбция). Объясняя выше указанными причинами 
экспериментальные данные, сообщаемые в литературе, была дана общая интерпретация 
касательно того, почему в данном случае происходит многослойная адсорбция, которая 
в конечном итоге однозначна мономолекулярной адсорбции.

Полярографическое исследование цитостатических производных манни-
тола, II

Дальнейшие исследования с этилениминовыми производными 
«Дегранола»

Б. ЯМ БОР

Производились дальнейшие полярографические исследования для выяснения 
того, что полярограммы 1,6-этиленимино-маннитола (II) и его изопропилиден-производ- 
ного (I), изученного в предыдущем сообщении, одинаковы ли по характеру. Ответ на этот 
вопрос, с большой степенью вероятности, положителен и основывается на следующих 
заключениях:

1. Высота волны прямо пропорциональна концентрации деполяризатора, корню 
квадратному от высоты ртутного столбца и не зависит от емкости буфера.

2. Температурный коэффициент высоты волны при 15° С равен приблизительно 
3%/° С, а выше 35° С колеблется в пределах теоретического значения, справедливого для 
диффузионной ступени, однако, он трудно определим.

3. При 50° С и в  нейтральной среде в то время как высота волны первого вещества 
быстро уменьшается, высота волны второго вещества уменьшается лишь медленно.

4. С добавлением желатина высота волны не изменяется, а величина л  1/2 сдви
гается в отрицательном направлении.

5. Оба соединения реагируют с одинаковой скоростью с тиосульфатом, образуя 
при этом соединение, дающее подпрограмму. Для полного завершения реакции необ
ходимо 3 часа, в противоположность этиленимониевым соединениям, которые реагируют 
моментально.

6. Высота волны для обоих соединений при комнатной температуре в слегка кис
лых средах уменьшается быстро, а в щелочных средах со скоростью в 3 раза ниже.

7. Высота волны в случае обоих соединений с увеличением pH и в слегка щелочных 
средах уменьшается или исчезается. Точка перегиба, как в случае I, так и в случае II, 
лежит около pH =  8.



Полярографическое исследование цитостатических производных
маннитола, III

Дегранол 

в .  я м б о р

С точки зрения параметров, рассматриваемых при всех исследованиях, наблюдалась 
полная идентичность (в пределах экспериментальной погрешности) — полярографиче
ского поведения соединения, образующегося в щелочных средах из «Дегранола» и соответ
ствующего этилениминового соединения.

Сравнение и идентификация производились на основе влияния температуры, вы
соты ртутного столбца, влияний желатина, концентрации буфера и деполяризатора, а 
также на основе реакции с тиосульфатом. На основе исследований было заключено, что 
полярограмма, в первую очередь, носит диффузионный характер, смешанный с некоторым 
кинетическим характером и каталитическим влиянием, но последнее наблюдается лишь 
на участке после скачка.

Вопрос о том, что образуется ли бис-этилениминовое соединение и в физиологиче
ских условиях из «Дегранола», остается открытым.)

Использование амидхлоридов в реакциях циклизации, I

3. ЧЮРЁШ, Р. Ш ООШ , Й. ПАЛИНКАШ  и И. БИ Т Т Е Р

Амидхлориды, образующиеся под действием фосгена на дизамещенные амиды 
кислот, подвергались взаимодействию с метилантранилатом. Таким образом, из образую
щихся в данной реакции гидрохлоридов тризамещенных амидинов были получены про
изводные 4/ЗН/-хиназолинона и алкилен-<шс-3,3’-4/ЗН/-хиназолинона. В качестве агентов 
циклизации использовались ароматические и алифатические первичные амины, гидразин, 
фенилгидразин, аминокислоты и алкилендиамины. Изучался механизм циклизации и 
предлагается возможный путь реакции.
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THE INTERACTION OF THE [PtCl4J2~ and K+ IONS 
IN THE K2PtCl4 CRYSTAL ON THE BASIS 

OF ITS INFRARED SPECTRUM

F . T ö r ö k

(Institu te o f  General and Inorganic Chemistry, L . Eötvös University,
Research Group for Inorganic Chemistry o f  the H ungarian Academy o f Sciences, Budapest)

R eceived  May 27, 1968

The force constants com patib le w ith norm al frequencies o f  the K 2P tC l4 crystal 
have been calculated w ithout and w ith  taking into consideration the coupling  w ith  
the lattice vibrations. Our calcu lations, made w ith  the m ethod of the param eter repre
sentation o f force constants, show  th at the coupling can essentia lly  a lter  th e  force 
field  of the com plex ion. A pplying the param eter m ethod useful in form ations can be 
obtained on the possible changes in  force constants owing to the coupling.

T he a to m s of th e  [P tC l,]2~ a re  p laced  a t  vertices  o f a q u a d ra te ,  a c c o rd 
ing ly  th e  ion belongs to  th e  p o in t g ro u p  D,/,. T h e  no rm al frequenc ies a re  d iv id ed  
am ong  th e  follow ing species:

d j ,  -f- B ls B 2g -f- A 2U -f- 2 E„

T h e  no rm al freq u en c ies  o f th e  f i r s t  3 species a re  on ly  R a m a n  a c tiv e , th o se  
b e long ing  to  th e  species A 2u a n d  E u a p p e a r o n ly  in th e  in fra re d  sp e c tru m , 
w hile th e  B lu freq u en cy  is in ac tiv e , it c an n o t he observed  in  e ith e r  sp e c tru m .

T he v ib ra tio n s  o f  th e  K 2P tC I4 c ry s ta l a re  to  be d iscussed  on th e  basis 
o f th e  co rrespond ing  space g roup : D ^ P é /m m )  [1, 2]. T he sy m m e try  e lem en ts  
o f th e  space g roup  a re  m ade up  p a r t ly  o f th e  o p era to rs  o f th e  t r a n s la t io n  
g ro u p , p a r tly  o f th o se  o f th e  sy m m e try  g roup  o f th e  u n it cell [2]. I n  th e  u n it 
cell one [P tC l4]2 a n d  tw o K + ions can  be fo u n d . T he u n it  cell, th e  n u m b e r in g  
o f a to m s an d  th e  axes o f th e  D esca rte s  co o rd in a tes  are  show n in  F ig . 1. In  th e  
h a rm o n ic  a p p ro x im a tio n  th e  se lec tio n  ru les fo r th e  v ib ra tio n s  o f th e  co m p lex  
ion  a re  u n ch an g ed  also  in th e  K 2P tC l4 c ry s ta l, b u t  besides th e  v ib ra t io n s  of 
th e  com plex  ion also th e  la ttic e  v ib ra tio n s  m u s t be ta k e n  in to  c o n s id e ra tio n . 
T h e  la tt ic e  v ib ra tio n s  belong  to  th e  fo llow ing species:

A 2g A  E g A  A 2u A  B 2U A  2E u.

T h e v ib ra tio n s  of B 2U a n d  A 2„ a re  in a c tiv e , th a t  o f E g is R am an  a c tiv e , th e  
v ib ra tio n s  o f E 2ii a n d  A 2U are  in f ra re d  ac tiv e .

As fa r  as we know  th e  R a m a n  sp ec tru m  o f th e  c ry s ta l has n o t  y e t  been  
p u b lish ed . T he R am an  sp ec tru m  o f [P tC l4]2~ ion  w as d e te rm in ed  b y  Stamm
reich an d  Forneris [3], th e ir  re su lts  a re  su m m arized  in T ab le  I .
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Table I

V ib ra t io n Species F re q u e n c y  (cm -1 )

P t—Cl sym . stretch A 4 335

Cl p t  Cl Sy m . d e f. B 4 164

P t—Cl asym . stretch в ч 304

О Pt
•  Cl
0 к

T h e in fra red  s p e c tru m  o f K 2PtC l4 c ry s ta l  h a s  b een  s tu d ied  b y  severa l 
a u th o rs  [4, 5, 6]. In  T a b le  I I  th e  frequencies a n d  assig n m en t accep ted  by  
H i r a i s h i  and  S h i m a n o u c h i  [6] are shown.

Table II

V ib ra t io n S pecies F re q u en c y  (cm -1 )

P t— Cl asym . stretch. E u 325

Cl p t  Cl a s y m . d e f Eu 190

Translational la ttice E u 116

Translational la ttice E u 90

PtCl4 out o f  plane ^ 2  U 170

Translational la ttice •^ 2  U 103

T he force c o n s ta n ts  o f  [P tC l4]2- ion h a v e  b e e n  ca lcu la ted  b y  S t a m m b e i c h  

a n d  F o r n e r i s  on b as is  o f  its  R am an  sp e c tru m  [3]. F ro m  th e  in fra re d  fre 
q uencies H i r a i s h i  a n d  S h i m a n o u c h i  h a v e  d e te rm in e d  th e  U r e y - B r a d l e y  

force co n stan ts  [6]. B esid es  th e  R am an  freq u en c ies  o f th e  so lu tion  also th e  
in fra re d  frequencies h a v e  b e e n  tak en  in to  c o n s id e ra tio n  b y  S a b a t i n i , S a c c o n i  

a n d  S c h e t t i n o  [5], b u t  in  th e ir  ca lcu la tions th e  la tt ic e  v ib ra tio n s  h a v e  been

Acta Chim. Acad. Sei. H ung. 63, 1970
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n eg lec ted , a n d  th e y  considered  th e  v ib ra tio n s  o f th e  com plex ion  as in d e p e n d 
e n t  from  th e  la ttic e  v ib ra tio n s . A cco rd ing  to  th e  opinion o f  H i r a i s h i  and  
S h i m a n o u c h i , it was because o f  th is  n eg lec tion  th a t  th e  m easu red  frequenc ies 
were re p ro d u ced  by  ap p ly ing  th e  U r e y - B r a d l e y  force c o n s ta n ts  in  a ra th e r  
poor a p p ro x im a tio n .

In  th is  p ap e r th e  possib le v a lu es  o f force co n stan ts  o f species A 2U and  
E„ a re  in v e s tig a te d  an d  co m p ared  w ith  each o th e r in tw o  cases:

1. T h e  v ib ra tio n s  o f th e  co m p lex  ion a re  considered in d e p e n d e n tly  
from  th e  la ttic e  v ib ra tio n s ,

2. T he v ib ra tio n s  of th e  com plex  ion an d  th o se  of th e  la tt ic e  a re  d iscussed  
to g e th e r.

T h e  sy m m e try  co o rd in a tes  a re  th e  follow ing:

T 2U: Sx =  1/2 (cp2 +  «Рз +  <Pa +  <Рь)
S2 =  1/K2 (ze +  *7)

E u- S3 =  l/1 (j2 ~ r 3 — r4 — rs)
S4 =  1/1'2 (Ф31 -  Ф25)
“̂ 5  —  xfí

=  X1

H ere  <j>2, 9?3, ç)4, <p5 designate  th e  o u t o f p lan e  v ib ra tio n s , r,- m eans th e  s tre tc h in g  
o f th e  i th  b o n d , an d  ch a ra c te riz e s  th e  d e fo rm ation  o f C l,\p t /Clfe angle . 
T he m a trice s  G an d  F  are  c o n s tru c te d  acco rd in g  to  S h i m a n o u c h T s m e th o d  
for c ry s ta ls . T he m a trix  G is p a r ti t io n e d  in to  tw o  blocks, one co rre sp o n d in g  
to  th e  К  + ions an d  th e  o th e r to  th e  com plex  ion in b o th  A 2U a n d  E u species. 
T he m ean in g  o f th e  elem ents o f m a tr ix  F  is som ew hat m ore c o m p lic a te d  
b ecau se  severa l o f th em  co rrespond  n o t  on ly  to  in te rac tio n s  w ith in  a  cell b u t  
also b e tw een  cells. In  our w ork  th e se  in te ra c tio n s  have  n o t been  s e p a ra te d , 
because  o u r a im  is to  d e m o n s tra te  how  th e  force co n stan ts  o f th e  com plex  
ion can  be m odified  b y  th e  co u p ling  w ith  th e  la ttic e  v ib ra tio n s .

In  o u r p rev ious p ap e r [8] we h av e  d e a lt w ith  th e  fo rm ing  m a tr ic e s  F  
b e long ing  to  a given assignm en t.

A ccord ing  to  th is  m ethod  th e  m a trice s  F  o f A 2U belonging  to  th e  g iven  
ass ig n m en t h av e  been ca lcu la ted  a n d  th e  force co n stan ts  as a fu n c tio n  o f 
th e  ang le  p a ra m e te r  (defined in o u r p a p e r  [8]) a re  show n in T ab le  I I I .  A t th e  
p a ra m e te r  v a lu e  a  =  0 th e re  is no co u p lin g  b e tw een  th e  ou t o f p lan e  v ib ra tio n s  
o f  [P tC l4]2~ ion , an d  th e  la ttic e  v ib ra tio n s . In  th is  case F n  =  0 .458 , F 22 — 
=  0.253. B u t if  in te rac tio n s  a re  a llow ed , i.e. F i2 =  0, F n  d ec reases , F 22 
increases. T h e  a m o u n t of decrease o r in c rease  depends on ly  on th e  a b so lu te  
v a lue  o f  F 12. A t th e  bo rder o f  th e  a ss ig n m en t: F ^  =  0.313, F 22 =  0 .453, 
F 12 =  + 0 .2 5 3 .

I f  th e  v ib ra tio n s  of th e  com plex  ion  a n d  tho se  o f th e  la ttic e  a re  in d e p e n d 
e n t, th e  v ib ra tio n s  of th e  com plex  ion  can  be t r e a te d  sep a ra te ly . In  th is  case

1* Acta Chim. Acad. Sei. H ung. 63, 1970
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Table 111

P a r a m e te r F» F„

— 0.2 5 0.313 0 .174 0.453

-0 .2 0 0.357 - 0 . 1 6 5 0 .388

0.15 0.398 0.141 0 .329

- 0 .1 0 0.430 — 0 .102 0.283

— 0 .0 5 0.450 0 .053 0.253

0 .0 0 0.458 0.000 0.243

0 .0 5 0.450 0 .053 0 .253

0 .1 0 0.430 0 .102 0.283

0 .15 0.398 0.141 0.329

0 .2 0 0.357 0 .165 0.388

0 .25 0.313 0 .174 0.453

a n  F  m a tr ix  of 2 d im en sio n s  is ob ta ined , th e  possib le  e lem ents of w hich be long
in g  to  th e  given a s s ig n m e n t are  show n in T a b le  IV . W hen  a  =  0 (i.e . a t  th e  
p o in t o f th e  m ost e x p re sse d  assignm ent [10]), th e  d iag o n a l force c o n s ta n ts  are 
a lm o s t th e  sam e. W h e n  th e  coupling  w ith  th e  la t t ic e  v ib ra tio n s  is n o t  neg lec ted , 
th e  G an d  F  m a tric e s  o f  E tl are  of 4 d im ensions. I n  th is  case all th e  m a trices  
F  co m p a tib le  w ith  th e  n o rm a l frequencies can  be  fo rm ed  as fu n c tio n  of 6 
p a ra m e te rs . T h erefo re  th e re  is no p rac tica l p o s s ib il i ty  fo r c o n stru c tin g  a ta b le  
s im ila r  to  Tables I  a n d  I I .  F o r  th is  reason , to  e s tim a te  th e  effect of th e  coupling  
w ith  th e  la ttic e  v ib ra t io n s ,  in  Table У a m a tr ix  F  is show n in case of w hich 
th e  coupling  is n eg lig ib le . S ta rtin g  from  th is  p o s itio n  th e  m ax im u m  an d

Tabic IV

P a r a m e te r F33 F.t Fit

—  0 .2 5 0.980 — 0.421 2.757

-  0 .2 0 1.156 ' 0 .3 9 4 2.317

— 0 .1 5 1.344 —  0 .279 1.951

0 .1 0 1.495 0 .087 1.693

0 .0 5 1.625 0 .162 1.570

0 .0 0 1.709 0 .445 1.593

0 .0 5 1.741 0 .734 1.760

0 .1 0 1.716 1.001 2.005

0 .1 5 1.638 1.219 2.448

0 .2 0 1.514 1.367 2.902

0 .2 5 1.356 1.431 3.372
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m inim um  va lu es  (i.e. ex trem e va lues) of force c o n s ta n ts  were ca lc u la ted  by  
ap p ly in g  th e  p a ra m e te r  m eth o d  described  in o u r ea rlie r p ap er [11]. F ro m  o u r 
re su lts  th e  fo llow ing  conclusions can  he d raw n :

Table V

1.614 0.135 0.010 0.010

1.576 0.001 0.001
sym - 0.309 0.001

metric 0.186

T he m a x im u m  values of F S3 a n d  F 44 a re  n o t  ch an g in g  w hen th e  co u p ling  
w ith  the  la ttic e  v ib ra tio n s  is ta k e n  in to  c o n s id e ra tio n . T hus ^33 c a n n o t he 
g re a te r  th an  1.74. B u t the in te ra c tio n  w ith  th e  la t t ic e  v ib ra tio n s  can  essen 
tia lly  decrease th e s e  e lem ents, e.g. F u  can  be sm a lle r  th a n  1. The role a n d  th e  
va lu es  of ^34 «1 o n o t change to  a g re a t e x te n t. T h e  m e th o d , of course, gives 
also th e  change o f  force co n stan ts  concern ing  th e  la t t ic e  v ib ra tio n s  as fu n c tio n  
o f  th e ir  coup ling  w ith  th e  inner v ib ra tio n s  o f th e  co m p lex  ion. As it is e x p e c te d  
th e  elem ents F S3 an d  F M have  th e ir  m in im u m  v a lu es  a t  th e  p o in ts  in th e  
neighb o u rh o o d  o f th e  s itu a tio n  g iven  in T ab le  У , w hen  th e  off d iag o n a l e le
m en ts o f F  b e tw een  la ttic e  an d  com plex  ion v ib ra t io n s  are  zeros. T he d iag o n a l 
e lem en ts of th e  la t t ic e  v ib ra tio n s  F 5S and  F eB h a v e  th e ir  m ax im um  v a lu e s  a t  
th e  b o rd er o f th e  assig n m en t w hen th e  coup ling  w ith  th e  com plex ion is e ssen 
tia l and  th e  in te ra c tio n  betw een  th e  la ttic e  v ib ra tio n s  them selves is sm all. 
T he m axim um  v a lu e s  of b o th  F 55 a n d  F co are a lm o s t eq u a l to  1. T he e x tre m e  
values of th e  e le m e n t F 5C co u p ling  th e  la tt ic e  v ib ra tio n s  w ith  th em se lv es  
are  + 0 .4 . T he m ax im u m  and  m in im u m  v alues o f  e lem en ts  co rresp o n d in g  to  
th e  in te ra c tio n  b e tw een  la ttice  a n d  com plex ion  v ib ra tio n s  are 0.9 a n d  — 0.9, 
respective ly .

The p re se n te d  d a ta  c learly  d e m o n s tra te  t h a t  th e  force c o n s ta n ts  o f th e  
com plex  ion can  be essen tia lly  a lte re d  b y  th e  c o u p lin g  w ith  th e  la tt ic e  v ib ra -  
ions.

R E F E R E N C E S
1. T h e il a c k e r , W .: Z. anorg . Chem. 234, 161 (1937)
2. Bh aca v an ta m , S ., Ve n k a t a r a y u d u , T.: “Theory o f groups and its application to p h y 

sical problem s”  2nd ed. Andkra U niversity  W altair
3. Sta m m reicii, H ., F o r n e r is , R.: Spectrochim . A cta 16, 363 (1960)
4. A dams, L>. M.: Spectrochim . Acta 19, 925 (1963)
5. Sa b a t in i, A., Sa c c o n i, L., Sc h e t t in o , V.: Inorg. Chem. 3, 1775 (1964)
6. H ir a is h i, J . ,  S h im a n o u c h i, T.: Spectrochim . Acta 22, 1483 (1966)
7. S h im a n o u c h i, T ., T s u b o i, M.: J. Chem. Phys. 35, 1597 (1964)
8. T ö rök , F.: To be published in A cta Chim. Acad. Sei. H ung
9. P u la y , P., T ö r ö k , F.: Acta Chim. Acad. Sei. H ung. 44, 287 (1965)

10. P u la y , P. : A cta  Chim. Acad. Sei. H u n g . 57, 373 (1968)
11. T örök, F ., P u l a y , P.: Acta Chim. Acad. Sei. H ung. 56, 285 (1968)

F eren c  T ö k ö k ; B u d a p e s t V i l i . ,  M úzeum  k r t .  6— 8.

A cta  Chim. Acad. Sei. Hung. 63, 1970





Acta Chimica Academiae Scientiarum Hungaricae, Tomus 63 (3 ) , pp. 243— 256 (1970)

THERMOGRAVIMETRIC
AND IR SPECTROPHOTOMETRIC EVALUATION 
OF TG STEPS OF THERMAL DECOMPOSITIONS 

PRODUCING TWO GASES

A.  B.  K is s
(Tungsram  Research Laboratories, B udapest)

R eceived A ugust 27, 1968

In the course o f studies o f  therm al decom position  reactions w ith  gaseous prod
ucts, IR  spectrophotom etry w as used in  conjun ction  w ith  therm ogravim etry, for 
recording changes in  the concentration o f gaseous products. The therm al decom position  
of am m onium  param olybdate and am m onium  p aratun gstate  has been studied and the  
concentration changes in the gas cell for evo lved  am m onia and water have been  
determined.

The possib ilities o f a com bined qu an tita tive  evaluation  o f IR  peaks and TG 
steps have been  explored. W hen the initial am m onia and water content o f the com 
pounds tested  is know n the proportion in w hich gaseous products are released a t indi
vidual TG steps can be determ ined from m easured areas under the corresponding IR  
m axim a.

A m eth od  is proposed for determ ining the contribution  o f gaseous products to  the  
observed TG steps when the in itia l am m onia and w ater contents are not known.

The sim ultaneous evolu tion  o f gaseous products is associated w ith  a w eight loss

Л m — \ +  mnpQ) at a g iven  step. W e h ave determ ined the quotient , m(NH»L
m ( H 20 )

b y  means o f IR  peaks, from w hich the values for т^Нз) an(f m(H20) can be found

E arlie r we h a v e  d iscussed how  in fra red  sp e c tro p h o to m e try  can be used  
in  s tu d y in g  th e rm a l decom position  reac tio n s. I f  decom position  p roduces one 
o r m ore gases, th e  con tin u o u s o b se rv a tio n  of th e  q u a n ti ta t iv e  changes o c c u r
rin g  in  th e  gas a b o v e  th e  solid p h a se  can be ca rried  o u t b y  m eans of in fra red  
sp e c tro p h o to m e try  [1, 2].

On th e  basis  o f  in fra red  d a ta  on th e  gas p h ase  com bined  w ith  T G -curves, 
i t  is co m p ara tiv e ly  easy  to  assign th e  T G -steps to  gases evolved , o r to  select 
reac tio n s w hich m a y  he responsib le  for th e  ev o lu tio n  o f th e  observed  gaseous 
p ro d u c ts . Such m easu rem en ts  h a v e  been carried  o u t  on th e  th e rm a l decom po
s itio n  of am m onium  p a ra m o ly b d a te  and  am m o n iu m  p a ra tu n g s ta te  w here th e  
a m o u n t of am m o n ia  and  w a te r re leased  or th e  e q u iv a le n t q u a n ti ty  o f ace
ty len e , have been  reco rded  c o n tin u o u sly  b y  in f ra re d  sp e c tro p h o to m e try  [2]. 
W e have  d e te rm in ed  th e  ex p e rim en ta l co n d itio n s  en su rin g  th a t  th e  a rea  of 
in fra re d  peaks sh o u ld  be p ro p o rtio n a l to  th e  a m o u n t o f gas p roduced  [2].

In  th is  w o rk , th e  possib ilities o f s im u ltan eo u s  q u a n ti ta t iv e  ev a lu a tio n  
of T G -curves a n d  IR -m a x im a  a re  described . I t  is n ecessary  to  recall th a t ,  
as know n, th e rm o g ra v im e tric  d a ta  alone are  in su ffic ie n t fo r th e  d e te rm in a tio n  
o f p ro p o rtio n s in  w h ich  tw o s im u ltan eo u sly  ev o lv ed  gaseous p ro d u c ts  c o n tr i
b u te  to  the m ass ch an g e  a t a g iven T G -step .
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T h e  p resen t ex p e rim en ts  in d ic a te  t h a t  con tin u o u s in fra red  sp e c tro p h o to 
m e try  o f  gaseous p ro d u c ts  p ro v id e s  v a lu ab le  d a ta  for so lv ing  th e  prob lem .

Experimental

T h e  experim en ts  h a v e  b een  p e rfo rm ed  w ith  a th e rm o b a la n c e  o f the  
C h e v e n a rd  system  an d  an  U R -1 0  ty p e  in fra re d  sp ec tro p h o to m e te r . G as sp ec tra  
w ere  re c o rd e d  using 10 cm  gas cells w ith  a c a p a c ity  o f 125 m l. T h e  r a te  o f th e  
c a r r ie r  gas (air) w as k e p t o n  th e  desired  level w ith  a c a lib ra te d  cap illa ry  
m a n o m e te r .

F o r  concrete  ca lcu la tio n s , in  th is  w o rk  too , am m onium  p a ra m o ly b d a te  
( re a g e n t g rade  A n a la r p ro d u c t, 3 (N H 1)20  • 7M o03 • 4 H 20  m .w . 1235.96) 
a n d  am m o n iu m  p a ra tu n g s ta te  (5 (N H 4)20  ■ 1 2 W 0 3 • 5H 20 ,  re a g e n t  g rade 
F lu k a  p ro d u c t m .w . 3133.52) h a v e  b een  se lected . A ccord ing  to  X - ra y  d iffrac
tio n  te s ts ,  m o ly b d a te  an d  tu n g s ta te  show ed th e  know n h e p ta m o ly b d a tc  [3] 
a n d  p a ra tu n g s ta te  [4] s tru c tu re s , th e ir  ana ly ses  w ere co n sis ten t w ith  th e  above 
fo rm u la s . T hese tw o su b stan ces  decom posed , v ia  v a rious in te rm e d ia te  phases, 
to  th e  re sp ec tiv e  m e ta l o x id es , re leasin g  am m onia  an d  w a te r  v a p o u r  in  th e  
co u rse  o f  th e rm a l d ecom position .

I n  F igs 1 an d  2, we p re se n t th e  th e rm o g ra v im e tric  an d  in f ra re d  spectro- 
p h o to m e tr ic  resu lts  o b ta in e d  w ith  th e  above  tw o  te s t  su b s ta n c e s . Sam ple 
w e ig h ts  w ere 400 an d  800 m g , th e  f lo w -ra te  of a ir  w as k e p t a t  16.65 1/hr, 
a n d  th e  r a te  o f h ea tin g  w as 300 °C p e r  h o u r. T he reac tio n  w ith  ca lc iu m  carb ide  
w as u se d  fo r th e  d e te rm in a tio n  o f w a te r  [2], an d  changes in  th e  c o n cen tra tio n  
o f  a c e ty le n e  an d  am m onia  w ere  reco rd ed  a t  728.0 c m -1 a n d  965 .0  c m “1, 
re s p e c tiv e ly , i.e. a t  th e  m o s t sen s itiv e  m ax im a .

T h e  curves in  F ig . 1 re p re se n t d a ta  reco rded  as a fu n c tio n  o f te m p e ra tu re  
a n d  sh o w  th a t  a t  all th re e  s te p s  o f  th e  T G -curves fo r m o ly b d a te , am m onia  
a n d  w a te r  leave th e  system  s im u lta n e o u s ly . A t th e  sam e tim e , F ig . 2 show s 
t h a t ,  u n lik e  in  th e  case of m o ly b d a te , a f te r  th e  rem o v al o f  w a te r  o f  c ry s ta lliz a 
t io n  a t  s tep s  I  and  I I ,  d ry  a m m o n ia  is also evolved  a t  s tep  I I I  o f  th e  p a ra 
tu n g s ta te .  A t steps IY  an d  V , am m o n ia  a n d  w a te r  are  ag a in  se t free  sim u l
ta n e o u s ly .

W e can  o b ta in  d a ta  su ita b le  fo r q u a n ti ta t iv e  d e te rm in a tio n s  w hen, 
a t  g iv e n  w ave n u m b ers , tra n sm iss io n  vs. co n cen tra tio n  (m illig ram  su b 
s ta n c e  p e r  cell volum e) c a lib ra tio n  cu rves a re  reco rded  an d  th e  IR -m a x im a  
o f F ig s  1 an d  2 are d raw n , o n  th e  basis  o f  th e  ca lib ra tio n  cu rv e , as fu n c tio n s 
o f th e  l in e a r  m illim etre-scale  co rresp o n d in g  to  th e  ch a rt-sp eed  (F igs 3 and  4).

I t  h as  been show n t h a t  th e  to ta l  a rea  o f th e  IR -p e a k s  th u s  d raw n  is 
p ro p o r t io n a l  to  th e  sam ple w e ig h t fo r b o th  com ponen ts a n d  t h a t  th e  areas 
o f  p e a k s  correspond ing  to  th e  in d iv id u a l s tep s  are  p ro p o rtio n a l to  th e  am o u n t
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Fig. 1. Am m onium  param olybdate. Sam ple w eight 400 mg. F low  rate 16.65 1/hr. H eating rate 
300°/hr. 1. TG curve; 2. IR  curve for H 20  (C2H 2); 3. IR  curve for N H 3; x =  equilibrium

m oisture conten t o f the carrier gas

of gas evolved on th e  sections u n d e r  co n sid e ra tio n  [2]. F o r fu r th e r  s tu d ies, 
th ese  p lo ts will be used. In  F ig . 5, th e  ca lib ra tio n  cu rves for am m o n ia  and  
ace ty len e  are  show n.

°C

Fig. 2. Ammonium paratungstate. Sam ple w eight 800 mg. Flow rate 16.65 1/hr. H eating  
rate 300°/hr. 1. TG curve; 2. IR  curve for H 20  (C2H 2); 3. IR  curve for N H 3; x =  equilibrium

m oisture con ten t o f the carrier gas
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Chart speed: 2 mm/min
F ig . 3 . Am m onium  param olybdate . T ( l)  =  12.4, T (II) =  67.0, T’(III) =  107.0 N H 3; T(I) =  
=  9 4 .0 , T (II) =  23.8, Г (Ш ) =  41 .0  H 20 ;  T (N H 3) to ta l =  190.0, T (H 20, i.e. C2H 2) total =  

=  158.5: 1 cm 2 ^  6 .15 m g of paper ^  1.068 m g N H 3 and 1.582 m g H 20

Fig. 4. Ammonium paratu n gsta te . T (N H 3) total =  245.0, T (H 20 ,  i.e. C2H 2) to ta l =  178.0
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Methods for the sim ultaneous quantitative evaluation  
of TG-curves and IR -m axim a

On the  basis  o f th e  know n th e rm a l decom position  p a th w a y  fo r  am m o 
n iu m  p a ra m o ly b d a te  [5 9], we in te n d  to  exam ine how  th e  a reas  o f  th e  m ax im a
in  F ig . 3 are re la te d  to  th e  c a lc u la te d  n u m b e r o f am m onia  a n d  w a te r  m oles 
se t free a t in d iv id u a l T G -steps. T h e  p rin c ip a l processes invo lved  in  th e  decom 
positio n  reac tio n  are:

115 — 130°C
3 (N H 4)20  • 7 M o 0 3 • 4 H 20 ----------- ► 2(NH<)20 - 5 Mo0 3

225 —245°C 3 2 0 —350°C
----------- * 2 (N H ,)20  • 8 MoO:i ----------- *- M oO :!

m g  / ce l l  v o l u m e

Fig. 5. Calibration curves

T he n u m b e r o f m oles of a m m o n ia  an d  w a te r evo lved  a t  d iffe re n t TG- 
s tep s , ca lcu la ted  from  th e  above e q u a tio n  yield the  fo llow ing p ro p o rtio n s

0.4 : 2.1 : 3.5 1.0 : 5.25 : 8.75 N H :i (1)

4 .2 :1 .0 5 :1 .7 5  4.0 : 1.0 : 1.66 H .,0 (2)

A t th e  sam e tim e , g ra v im e tric  d e te rm in a to n  of areas u n d e r  th e  co r
re sp o n d in g  m ax im a  gives th e  fo llow ing  p ro p o rtio n s

T(I) T (II)  T ( I I I )

12.4 : 67.0 : 107.0 1.0 : 5.4 : 8.62 N H :l (3)

94.0 : 23.8 : 41 .0  3.9 : 1.0 : 1.72 H20  (4)
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T hese d a ta  show  t h a t ,  w ith in  certa in  lim its  o f ex p erim en ta l e rro r, th e  
a re a s  u n d e r th e  I R  p e a k s  a re  in  th e  sam e p ro p o r tio n  as th e  q u a n titie s  ol 
g aseous p ro d u c ts  ev o lv ed  a t  th e  in d iv id u a l T G -step s . F ro m  th e  p ro p o rtio n  
f ig u re s  referring  to  I R  p e a k  areas, th e  a b so lu te  q u a n t i ty  o f am m onia  and  
w a te r , evolved a t  e a c h  th e rm o g ra v im e tric  s te p , can  be de te rm in ed  if  th e  
in i t ia l  sam ple w eigh t a n d  com position  are k n o w n .

F o r  exam ple, le t  A  m g  be  th e  to ta l  a m m o n ia  c o n te n t in  th e  in itia l com 
p o u n d  o f know n co m p o s itio n , and  le t av  a2 a n d  a3 s ta n d  fo r th e  q u a n titie s  
o f  am m o n ia  evolved a t  th e  in d iv id u a l s tep s . T h en

A  = u, +  a2 +  as .
S ince i t  is know n th a t

a r  :  a 2  :  а з  Щ )  :  T ( I I )  :  T ( I I I )  ,
it fo llow s th a t

a, =  К  ■ T ( I), a2 К  ■ Г(ТТ), a3 К  ■ Г (Ш )
w h ere

К  = --------------- -----------------  .
T ( I ) + T ( I I ) + T ( I I I )

A  is g iven by
n • M (N H 3) • В  

M

In  th is  eq u a tio n , n  is th e  n u m b e r  of moles o f  a m m o n ia  in  th e  in itia l com pound, 
M (N H 3) is th e  m illim o lecu la r w eight of a m m o n ia , M  is th e  m illim olecular 
w e ig h t o f th e  in itia l c o m p o u n d , and  В  is th e  sam p le  w eigh t in  m g. These d a ta  
a re  o b ta in e d  for th e  o th e r  co m ponen t in  a s im ila r  w ay  (w a te r in  th e  p re sen t 
case).

U sing th e  e x p e r im e n ta l d a ta  in  F ig . 3, one  can  com pare th e  resu lts  
o b ta in e d  b y  th e  p re se n t m e th o d  w ith  th o se  c a lc u la ted  th eo re tica lly  from  
sam p le  w eight and re a c tio n  p a th w a y  (cf. T ab le  I).

Table I

3(N H 4)20  • 7 M oOa • 4 14 ,0

TG
steps m g N H 3 ev o lv ed m g H 20  evo lved

calcd . fo u n d ca lcd .1 fo u n d

I 2.20 2.20
I

2 4 . 2 2 4 . 4 +  0 . 8 3

и 1 1 . 5 0 1 1 . 8 7 +  2 . 7 7 6.12 6 . 1 4 +  0 . 3 2

h i 1 9 . 3 8 1 8 . 9 8 +  2 . 2 2 10.20 10.20 —
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A ccord ing  to  th e  ta b le , th e  ag reem en t b e tw een  ex p e rim en ta l a n d  th e o 
re tica l v a lu es  is sa tis fac to ry . T h is seem s to  in d ic a te  th a t  th is  m e th o d  m ay  
be su ita b le  fo r th e  d e te rm in a tio n  o f  th e  ra tio s  in  w hich  various gaseous p ro d 
u c ts  c o n tr ib u te  to  a given T G -step .

F ro m  now  on, le t us suppose  th a t  th e  in itia l com position  o f  th e  sam ple  
is n o t k n o w n . O f course, i f  th e  n u m erica l va lue  for A  is n o t k n o w n , th e  d a ta  
acco rd in g  to  T ab le  I  c a n n o t be ca lcu la ted  d ire c tly  from  IR  p eak  a re a  ra tio s  
on th e  b as is  o f  E q s (3) an d  (4). T h e  p ro p o rtio n a lity  in these  e q u a tio n s  can  be 
sa tisfied  b y  an y  set o f ab so lu te  v a lu es , so th e re  is no w ay o f p e rfo rm in g  a c tu a l 
ca lcu la tio n s . H ow ever, shou ld  a T G -step  be found  for w hich in f ra re d  sp e c tro 
p h o to m e try  fu rn ishes u n am b ig u o u s  p ro o f th a t  th e  tw o gaseous p ro d u c ts , 
e.g. am m o n ia  an d  w ater, a re  re leased  s im u ltan eo u sly , th e n  fo r th is  s te p , th e  
ab so lu te  q u a n tit ie s  o f th e  gaseous co m p o n en ts  can  also be fo und . S uch  a step  
is o b se rv ed  in Figs 3 an d  4 . Tf th e  d a ta  fo r one TG  step  are  k n o w n , fro m  th e  
p ro p o r tio n a lity  expressed  b y  E q . (3) o r (4) th e  co rrespond ing  d a ta  fo r th e  
o th e r  s te p s  can also be d e te rm in ed . A n o th e r possib le m eth o d  is t h a t  I R  peak  
a reas reco rd ed  for th e  u n k n o w n  sam ple  are  ca lib ra ted  w ith  c o m p o u n d s  of 
know n am m o n ia  an d  w a te r  c o n te n ts , b u t  th e re  is a sim pler m e th o d  b ased  on 
th e  fo llow ing  considera tions.

In  connection  w ith  th e  fu n d a m e n ta l p rinc ip le  o f th e  m e th o d , le t  us f irs t 
ex am in e  v a rio u s com m on an d  d iffe ren t p ro p e rtie s  o f th e  gases from  th e  p o in t 
o f v iew  o f  how  th e  n a tu re  o f th e  gases affects th e  areas o f IR  p e a k s  u n d e r 
o th erw ise  id en tica l cond itions. T h e  p rin c ip le  o f  th e  m easu rem en t is sc h e m a ti
cally  i l lu s tra te d  in  Fig. 6.

D u rin g  th e  m easu rem en t, th e  c a rr ie r  gas flow s th ro u g h  th e  sy s tem  a t 
a c o n s ta n t p ressu re  d ifference a d ju s te d  w ith  th e  cap illa ry  m a n o m e te r , and  
a t  sam p le  ho lder e i t  is ad m ix ed  w ith  th e  gas to  be m easu red ; th e  m ix tu re  
will th e n  flow  in to  th e  IR  cell. T he tran sm iss io n s  o f various gases a re  reco rd ed  
a t  th e  co rresp o n d in g  w ave n u m b ers  A j ,  A2 ,  A 3 . . . Я „ ,  w here th e  m o la r  ab so rp - 
tiv it ie s  can  be en tire ly  d iffe ren t. As a fu r th e r  lim ita tio n , le t us a ssu m e  th a t  
th e re  is no  m u tu a l in te rfe ren ce  by  v a rio u s gases a t  th e  w ave n u m b e rs  g iven . 
I f  tran sm iss io n  vs. co n cen tra tio n  (i.e. m g p er cell volum e) d a ta  a re  reco rd ed  
a t  each  w ave n u m b er, and  th e  IR  m ax im a  recorded  u n d er th e  sam e  e x p e r i
m e n ta l co n d itio n s are red raw n  on th is  basis, an d  if  we suppose t h a t  in te rn a l 
fric tion  a n d  flow  ch a rac te ris tic s  do n o t change s ig n ifican tly  from  gas to  gas, 
th e n  a t com p le te  passage th ro u g h  th e  cell o f th e  sam e m olar q u a n t i ty  o f  each 
gas we can  w rite

T  T  T  T
—L- =  - A -  =  —1ï-  . . . . — —  =  К  (co n stan t) (5)
JW, M ,  M 3 M„

w here T 1, T2, T3, . . . T„ s ta n d  fo r th e  areas found  from  th e  c a lib ra tio n  cu rves 
o f v a rio u s  gases, an d  M x, M 2, M 3, . . . M n are th e  co rrespond ing  m illim ole-
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c u la r  w eights. T h u s, w h en  th e  sam e m olar q u a n ti t ie s  o f gases are m easu red ,
T

t h e ---- areas are e q u a l.
M  4
I f  th e  flow  c h a ra c te r is tic s  of th e  gases a re  d iffe ren t (in te rn a l fric tion  

co e ffic ien ts , e tc .), th e  r a te s  o f  c o n cen tra tio n  chan g es in  th e  cell fo r th e  gases 
to  b e  reco rded  w ill also  be  d iffe ren t even a t  a c o n s ta n t p ressu re  d ro p  fo r th e  
c a rr ie r  gas. T here w ill b e  no  lam in a r flow  in  th e  cell, th e re  will be one gas th a t  
le av es  th e  cell sooner th a n  th e  o ther, th o u g h  o th e r  cond itions an d  th e  vo lum e

Fig. 6. Schem atic diagram  o f  the experim ental apparatus, a) pressure cylinder (air); b) cold 
traps (acetone and dry ice); c) tem perature control (am bient tem perature); d) capillary m ano
m eter; e) sample holder; f)  oven; g) calcium carbide reactor; h) IR  source; i) IR  gas cell;

j) monochromator: k) detector

r a te  re m a in  th e  sam e. O b v io u sly , th e  peak  a re a  c h a ra c te r is tic  for th e  com plete  
p a ssag e  th ro u g h  th e  cell o f  one mole of th e  gas t h a t  is exchanged  slow er, will 
be  g re a te r  th a n  th a t  fo r  th e  gas w ith  a low er in te rn a l  fric tion .

In  th is  case, e q u a tio n  (5) is va lid  o n ly  w h en  th e  specific flow  c h a ra c 
te r is t ic s  o f th e  gases a re  ta k e n  in to  a cco u n t, i.e. w hen  th e  te rm s are  m ade 
e q u a l b y  m u ltip ly in g  th e m  b y  a fac to r rj.

T  T  T
-  Vi =  , I >?2 =  -----  TT”  Vk =  К  (co n stan t). (6)
M . M., M n

N o th in g  has b een  sa id  ab o u t th e  v a lu e  th is  fa c to r  can  assum e. T his is 
a m a t te r  of co n v en tio n , i.e. fo r one of th e  gases r] m a y  be se t equal to  u n ity  
a n d  th e n  for th e  o th e r  gases 7]h ^  1.

N ow , we m ay  r e tu r n  to  the system  w h ich  is th e  o b jec t o f ou r s tu d y  and 
w here , d u rin g  d eco m p o sitio n , gaseous am m o n ia  a n d  w a te r  are  evolved. In  th e  
case  o f  s im u ltaneous e v o lu tio n  o f th e  tw o re a c tio n  p ro d u c ts , th e  loss o f w eight 
(A m , m g) a t a g iven  T G  s te p  is th e  sum  o f  th e  w eigh ts o f th e  tw o com po
n e n ts , i.e.

A m —  m  t -f- m 2 .
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1 m  can  be read  d irec tly  from  th e  TG  cu rv e , b u t  th e  abso lu te  v a lu e s  fo r m l
m \an d  m 2 a re  u n k now n . H ow ever, th e  ----  ra tio  can  be c a lc u la ted , i f  th e  IR
in.,

peak  a reas  o f th e  gaseous co m p o n en ts  a re  k now n . Since th e  re sp e c tiv e  IR  
peak  areas are  p ro p o rtio n a l to  th e  q u a n t i ty  o f  am m onia  an d  w a te r  evolved , 
on th e  basis o f consid era tio n s m en tio n ed  in  connection  w ith  E q . (6), one can 
w rite  th a t

m 1 Tj

- ÜL— , i.e. i - f t  (7,
m i T2 m 2 To '1!*
M 2 M 2 2

w here su b sc rip ts  1 an d  2 re fe r to  am m o n ia  a n d  w ater, re sp ec tiv e ly .
H ow ever, i t  is n o t w a te r  b u t  a ce ty len e  t h a t  is d e te rm in ed  [2]. C onsid

ering  th a t
CaC2 +  2 H 20  =  C a(O II)2 +  C2H 2,

i.e. t h a t  2 m oles o f w a te r  are  e q u iv a le n t to  1 m ole o f acety lene in  th is  co n te x t, 
i t  is e v id e n t th a t  reco rd ing  o f ace ty len e  w ill p ro d u ce  only a b o u t h a l f  th e  area 
w ith  re sp ec t to  th e  d e n o m in a to r in  E q . (7). T h is  area  will n o t be  e x a c tly  one 
h a lf because  th e  ra tio  is a fu n c tio n  o f  r]2 a n d  rj3, too . C onsequen tly ,

( 8 )

w here T3, M 3, an d  rj3 have  th e  sam e m ean in g  as before b u t now  re fe r  to  a c e ty 
lene, an d  ne is th e  th e o re tic a l ra tio  o f  th e  n u m b e r of m oles in v o lv e d  in  th e  
tra n s fo rm a tio n  reac tio n  (nt, =  2).

W ith  th is  su b s titu tio n , we o b ta in

"R =  Ti ’ M a‘ 4 i  
m 2 nc - T 3 - M 2 • rj3

(9)

In  a fo rm er com m u n ica tio n  we h av e  show n th a t  in  th e  calcium  c a rb id e  re a c to r  
used u n d e r th e  p revailing  co n d itio n s , less th a n  th e  th eo re tica l a m o u n t of 
ace ty len e  is g en era ted  b y  2 m oles o f w a te r , viz.  0.854 mole on ly  [2]. A ccord
ing ly , E q . (9) m u s t be m u ltip lied  b y  ß, a fa c to r  defined  by  th e  ra t io  o f  a p p a 
re n t an d  th eo re tica l mole n u m b ers ,
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( 10)

Fig. 7. V a ria tio n  of th e  gas c o n ce n tra tio n  in  th e  cell. F lo w  r a te  16.65 I/hr. 1) 0.0112 m m ole
o f N H 3; 2) 0.0115 m m ole o f C2H 2

T h e  th e o re tic a l c a lc u la tio n  o f fac to r В  is r a th e r  com plicated , th e re fo re  
we d ed u ced  an  a p p ro x im a te  value from  c e r ta in  e x p e rim e n ta l d a ta .

In  a series of te s ts  w ith  g radua lly  in c rea s in g  co n cen tra tio n s o f am m o n ia  
a n d  ace ty len e , in  th e  I R  cell th e  decrease o f  c o n c e n tra tio n s  in  tim e  w as fo l
low ed a t  c o n s ta n t flow  ra te  o f  th e  carrier gas (16.65 1/hr) and  c o n s ta n t c h a r t-  
speed  (6.1 m m /m in). T h e  reco rd ed  curves fo r n e a r ly  id en tica l in itia l c o n c e n tra 
tio n s  a re  show n in  F ig . 7.

T h is  fig u re  show s t h a t  th e  co n cen tra tio n  o f  a ce ty len e  changes a t  a slow er 
r a te  th a n  th a t  o f am m o n ia . F o r  th e  com plete  re m o v a l o f am m onia fro m  th e  
cell 1.3 m in , for th a t  o f  a ce ty len e  2.24 m in w ere  n o te d . C onsequently , in  case 
o f th e  sam e e x p e rim e n ta l co n d itions and th e  sam e  in it ia l  gas co n c e n tra tio n s , 
th e  T / M  a rea  for th e  slow er gas dete rm in ed  on  th e  basis  of th e  co rresp o n d in g  
c a lib ra tio n  curve  w ill h e  so m ew h at g rea ter. To d e m o n s tra te  th is , in  T a b le  I I  
we h a v e  lis ted  th e  f ig u res  p e r ta in in g  to  th e  co n cen tra tio n -se rie s  te s te d , to g e th e r  
w ith  th e  p ro p o r tio n a lity  fa c to rs  in d ica tiv e  o f th e  co rrespond ing  a reas.
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Table II

N11, C2H2

10~ 3 mole T
T
M

10~ 3 mole T
T
M

0 .0 1 1 2 1 0 .3 8 0 .6 1 0 0 .0 0 4 5 8 7 .4 0 .2 8 4

0 .0 1 8 2 1 6 .5 0 0 .9 7 0 0 .0 1 1 5 1 8 .6 0 .7 1 8

0 .0 3 0 6 2 7 .2 0 1 .6 0 0 0 .0 1 9 6 3 0 .4 1 .1 7 0

0 .0 7 7 7 7 3 .0 0 4 .3 0 0 0 .0 3 7 7 6 1 .0 2 .3 4 0

T  =  a rea  d ra w n  on th e  basis of calib ra tio n  cu rv es 
M  =  m illim olecu lar w eight

If th e  fu n c tio n  lg c =  f ( T / M )  is p lo t te d  g raph ica lly , the  c o rre la tio n s  
show n in  Fig. 8 a re  o b ta in e d .

B y  selec ting  fro m  F ig . 8 th e  T / M  q u o tie n ts  re fe rrin g  to  th e  sam e co n cen 
tra tio n s , an d  ta k in g  E q . (6) in to  co n sid e ra tio n , th e  ap p ro x im a te  v a lu e  fo r  В  
can  be  e s tim a ted  since

JL
M j  1
Тз r]x В  
M 3

From  th e  d a ta , one o b ta in s  1/B =  0.860 ^  1 .2 7 % , or В  =  1.155. F rom  F ig . 8 
it can  be  seen th a t  В  is in d ep en d en t o f th e  a b so lu te  values of c o n c e n tra tio n s .

2 Acta Chim. Acad. Sei. Hung. 63. 1970
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S ince  th e  com position  o f  th e  m odel c o m p o u n d  is know n, th e  n u m erica l 
v a lu e  fo r  В  can  be d e te rm in e d  e x p e rim e n ta lly , too .

F o r  th is  p u rpose  we ta k e  th e  th ird  s te p  in  Fig. 3 for p a ra m o ly b d a te , 
fo r  w h ic h  7 \  =  107.0 an d  T 3 =  41.0 (cf. E q s  (3) an d  (4)). T he co rre sp o n d in g  
f ig u re s  fo r  m 1 an d  m2 a re  also  know n from  T a b le  I :  m 1 =  19.38, m2 =  10.20. 
S o lv in g  E q . (10) for th e se  q u a n tit ie s , we o b ta in  В  =  1.178; th e re  is no g rea t 
d e v ia t io n  b e tw een  th e  v a lu es  o b ta in ed  b y  th e  tw o  m ethods.

I n  connection  w ith  th is  dev ia tio n  w e m u s t no te , how ever, t h a t  in  th e  
e x p e r im e n ta l  d e te rm in a tio n  o f  В  th e  flow  c h a ra c te ris tic s  of p u re  gases w ere 
s tu d ie d ,  w hereas i t  is a c tu a lly  gas m ix tu re s  t h a t  e n te r  th e  cells in  th e  course 
o f  a  deco m p o sitio n  re a c tio n , th u s  am m o n ia  p lu s  w ate r, w hen a m m o n ia  is 
m e a s u re d , an d  am m onia  a n d  ace ty lene, w h en  w a te r  is d e te rm in ed . I t  c an  be 
su p p o se d  th a t  th e  d ifference b e tw een  th e  tw o  v a lu es  for В  is due to  d is re g a rd 
in g  th i s  c ircu m stan ce . T h e  fa c t  t h a t  th e  d isc re p a n c y  is n o t s ign ifican t suggests  
t h a t  th e  d ifferences b e tw een  th e  flow  c h a ra c te r is tic s  of am m onia and  ace ty len e  
e x is t  a lso  in  th e  gaseous m ix tu re .

I f  th e  A m  va lues co rresp o n d in g  to  th e  in d iv id u a l steps o f T G  c u rv e  in  
F ig . 3 a re  know n, an d  i t  is ta k e n  in to  a c c o u n t t h a t  a t all th ree  s tep s  th e  ev o 
lu t io n  o f  th e  tw o gases occu rs s im u ltan eo u sly , th e  m x an d  m2 v a lu es  fo r th e  
g iv e n  s te p s  can be c a lc u la ted  accord ing  to  th e  la t te r  m ethod , to o . U sin g  th e  
n u m e r ic a l  va lues o f th e  m easu red  areas co rresp o n d in g  to  p ro p o rtio n s  (3) and
(4), th e  d a ta  collected in  T ab le  I I I  w ere o b ta in e d .

Table III

3 (N H () ,0  ■ 7 M oO , • 4 H 20

T G
s te p s Am N H 3 (m g) H 20  (mg)

(m g) ea led . fo u n d calcd. fo u n d

г 24.5 2.20
о 2.14 

* 2.10

— 2.72 

— 4.55
24.2

о 22.40 

* 22.40
- -7.45

1

II 17.5 11.5
о 11.75 

* 11.70

+  2.18  

+  1.74
6.12

о 5.75 

* 5.81

— 7.70

— 5.07

h i 29.8 19.38
о 19.50 

* 19.38

+  0.62
10.20

о  10.35 

* 10.40

+  1.54 

+  1.96

for о, В  =  1.178, for *, В  =  1.115

A cco rd in g  to  T ab le  I I I ,  th e  resu lts  o b ta in e d  w ith  th e  second m e th o d  are 
o f  s a t is fa c to ry  accu racy , th u s  th e  use o f d iffe re n t В  values does n o t  cause 
s ig n if ic a n t  dev ia tions.

I n  p rac tice , a th ird  p o ss ib ility  m u s t also be  considered, viz. t h a t  th e  
c o m p o s itio n  o f th e  su b s ta n c e  is unknow n  a n d  no  s tep  is found  w here  th e  gases
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are  evolved  sim u ltan eo u sly . T hen  th e  n u m erica l va lue  o f A  re q u ire d  fo r  the 
ap p lic a tio n  o f th e  f irs t m e th o d  is n o t av a ilab le , h u t  th e  second m e th o d  can n o t 
be used , e ith e r . H ow ever, re la tio n sh ip  (10) offers a so lu tion . I t  has been  found 
th a t  if th is  co rre la tion  is ap p lied  fo r th e  en tire  process an d , in s te a d  o f  T, 
an d  T.j, th e  n u m erica l values of th e  to ta l  areas u n d e r th e  IR  cu rv es o f  F igs 3 
an d  4 are  used and  th e  to ta l change o f  w eigh t read  from  th e  TG  cu rv e  is re g a rd 
ed as the  va lu e  fo r A m , th e n  E q . (10) will give th e  a m o u n t o f am m o n ia  and  
w a te r  in th e  in itia l com pound. T h u s  b y  IR  m easu rem en ts  th e  re sp e c tiv e  A  
v a lu es  becom e ava ilab le  for th e  tw o  com ponen ts and  th e n  one can p roceed  
acco rd ing  to  th e  f irs t  m eth o d .

In  o rd e r to  verify  th is , th e  th e o re tic a l am o u n ts  o f am m o n ia  a n d  w a te r  
co rresp o n d in g  to  given sam ple w eig h ts  h av e  been ca lcu la ted  from  th e  em p i
rical fo rm ulas an d  these  figures we co m p ared  w ith  tho se  o b ta in e d  from  e x p e r
im en ta l d a ta  tre a te d  acco rd ing  to  E q . (10). T he re su lts  a re  su m m arized  
in T ab le  IV .

Table IV

Siibst.
J  m

N H , ( m g) IIoO (m g)
%  e rro r(m B) ealed.

„  ;  
found

%  e rro r j
ealed . fo u n d

M o 7 1 .8 3 3 . 0 7 3 3 . 2 0 +  0 . 3 9 4 0 . 8 0 3 8 . 8 0 — 4 . 9 0

w 8 8 .0 4 3 . 2 8 4 3 . 6 0 +  0 . 7 4 4 6 . 9 5 4 4 . 5 0 — 5 . 2 2

As seen from  T ab le  IV , am m o n iu m  and  w a te r c o n ten ts  o f th e  co m p o u n d s 
s tu d ied  b y  in fra re d  sp e c tro p h o to m e try  can he d e te rm in ed  w ith  a fa ir  degree 
o f  accu racy .

D iscussion

G enera lly , in  th e  case of special ty p es  o f com pounds, IR  sp e c tro p h o to 
m e try  m ay  be useful in th e  s tu d y  o f th e rm a l d ecom position  re a c tio n s , espe
cia lly  w hen severa l gaseous p ro d u c ts  are  fo rm ed . U n d e r such  co n d itio n s , the  
reac tio n  p a th  can be q u a lita tiv e ly  e lu c id a ted  since gaseous co m p o n en ts  and  
th e  changes in th e ir  co n cen tra tio n s  in  th e  gas p h ase  a re  reco rd ed  se p a ra te ly  
b y  IR  sp ec tro p h o to m e try . T h u s, in d iv id u a l steps of th e  o vera ll p rocess can 
be recogn ized  m ore easily th a n  b y  th e rm o g ra v im e try  alone.

T he m eth o d s of q u a n tita tiv e  analy sis  described  in  th is  p a p e r  g ive re su lts  
th a t  p ro v id e  su ffic ien t in fo rm a tio n  a lth o u g h  w ith  lim ited  accu racy , a b o u t 
th e  com position  o f in te rm e d ia te  phases  w ith o u t chem ical an a ly sis . S ince 
these  m e th o d s w ere applied  in  th e  s tu d y  o f only  a few  sy stem s, a c c u ra te  ch em 
ical analyses o f  in itia l an d  in te rm e d ia te  phases are  s till re q u ire d  w hen the  
deco m p o sitio n  o f unknow n co m p o u n d s o f a s im ila r ty p e  is in v e s tig a te d .
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H ow ever, i f  th e  th e rm a l s tu d ie s  are co m p le ted  w ith  in fra re d  d a ta  as m en tio n ed  
a b o v e , re liab le  p re lim in a ry  in fo rm ation  on th e  q u a n ti ta t iv e  aspec ts  o f th e  
p rocess are  o b ta in e d  b y  m ean s of th e  p ro p o sed  m e th o d s  o f ca lcu la tio n . O n th e  
b as is  o f  th is  in fo rm a tio n , i t  will be c o m p a ra tiv e ly  easy  to  decide w h e th e r or 
n o t  a c c u ra te  chem ica l an a ly s is  is req u ired  fo r th e  e lu c id a tio n  o f som e u n c lea r
ness. In  o rd er to  d ra w  fu r th e r  conclusions, i t  is n ecessa ry  to  s tu d y  num erous 
u n k n o w n  com pounds b y  th is  m ethod .

In  th e  m e a n tim e  w e w ish  to  p o in t o u t tw o  e x p e rim e n ta l fac to rs strong ly  
a ffec tin g  th e  acc u ra cy  o f  re su lts . T he c a lib ra tio n  cu rve  m u s t be d e te rm in ed  
w ith  g rea t care w hich  is n o t  easy a t  th e  low  co n c e n tra tio n s  en coun tered  in  
th is  s tu d y . T he c o rrec tn ess  of ca lib ra tio n  cu rv es m u s t be checked ; th e  m ost 
sim ple  w ay  for th is  is to  m easure  th e  a rea  u n d e r  th e  IR  p eak s o f  th e  gas in  
q u es tio n  a t  g rad u a lly  in c reas in g  co n c e n tra tio n  levels. T he ca lib ra tio n  curve is 
a ccep tab le  w hen th e  co rrespond ing  areas a re  p ro p o rtio n a l to  th e  sam ple 
w eig h t [2].

C o n tra ry  to  g en era l th e rm o g ra v im e tric  p ra c tic e , here  th e  flow  ra te  of 
th e  c a rr ie r  gas m u s t b e  k e p t  s tr ic tly  c o n s ta n t since a n y  f lu c tu a tio n  will con
s id e rab ly  affect th e  a re a s  ob ta in ed . O f cou rse , s ig n ifican t errors m ay  occur 
w hen  th e  A m  va lu es  a re  re a d  from  th e  T G  curves.

A m m onium  p a ra m o ly b d a te  w as u sed  fo r  th e  ex p e rim en ta l v erifica tio n  
o f  ca lcu la tio n  m e th o d , because  th e  steps o f  i ts  decom position  can  be easily  
an d  ac c u ra te ly  d is tin g u ish e d . The TG  step s a n d  I R  m ax im a  are  c learly  sep a
ra te d , an d  th e  a reas  u n d e r  m ax im a co rresp o n d in g  to  in d iv id u a l processes can  
be ac c u ra te ly  m easu red .

As seen from  F ig s  2 a n d  4, th e  deco m p o sitio n  process of p a ra tu n g s ta te  
seem s to  consist o f  o v e rla p p in g  steps an d  th is  m akes th e  d e te rm in a tio n  of 
a reas  r a th e r  am b ig u o u s . I n  sim ilar cases, an  a d e q u a te  g raph ica l m eth o d  of 
e v a lu a tio n  of th e  c u rv e  shou ld  be found  in  o rd e r to  se p a ra te  th e  overlapp ing  
a reas  co rrec tly , i.e. in  co n fo rm ity  w ith  q u a n t i ta t iv e  p ro p o rtio n s. In  a su b 
se q u e n t p ap er, th e  deco m p o sitio n  o f p a ra tu n g s ta te  w ill be d iscussed  in  de ta il.

R E F E R E N C E S

1. H e g e d ű s , J. A ., K is s , B . A.: A cta Chim. Acad. Sei. H ung. 51, 251 (1967). Magyar K ém .
Folyóirat, 73, 41 (1967)

2. K iss , B . A.: A cta Chim. A cad. Sei. H ung. 61, 207 (1969).
3. L in d q v is t , I.: N ova  A cta  Soc. Sei. Upsaïiensis, IV. 15. Nr. 1 (1950). Arkiv for K em i, 2,

Nr. 18 (1950)
4. L in d q v is t , I.: A cta  Crystallogr. Copenhagen 5, 667 (1952)
5. D u v a l , C.: Inorganic T herm ogravim etric A nalysis, p. 332. E lsevier, Am sterdam , 1953
6. F u n a k i, K., Se g e w a , T.: J. Electrochem . Soc. Japan , 18, 152 (1950)
7. R o d e , E. Y a ., T v e r d o k h l e d o v , V. N.: Zhur. N eorg. K him . 3, 2343 (1958)
8. H e g e d ű s , J. A., Sa s v á r i, K ., N e u g e b a u e r , J.: Z. anorg. alig. Chem., 56, 293 (1957)
9. EiKOH, Ma .: Bull. Chem. Soc. Japan, 37, 171 (1964): 37, 648 (1964)

A n d rás  R. K iss ; R u d a p e s t IV ., V áci ú t 77.

Acta Chim. Acad. Sei. H ung. 63, 1970



Acta Chimica Academiae Scientiarum Hungaricae, Tomus 63 (3 ) , pp. 257— 265 (1970)

STRIPPING VOLTAMMETRY 
OF Se(IV) COMPOUNDS WITH THE HANGING 

MERCURY DROP ELECTRODE
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(M in in g  Research Institu te, Budapest)

R eceived Septem ber 27, 1968

In the presence of halide ions, selenous acid forms a com plex com pound w hich  
is adsorbed on the surface o f the hanging m ercury drop electrode. T his adsorption  
phenom enon can be utilized in the cathodic  stripping technique; the current peak  per
m its a sensitive and selective q u a n tita tive  determ ination of selenium. Se(IV ) g iv es rise 
to a current peak also at another poten tia l and it is also suitable for stripping analysis. 
In this case, the dissolution curve for the solid product of the preceding red u ctio n  step  
is obtained.

A fter ea rlie r s tud ies b y  S c h w a e r  a n d  S u c h y  [4], L i n g a n e  a n d  N i e d r a c h  

[2] h av e  ca rried  o u t fu n d a m e n ta l w ork  on e lu c id a tin g  th e  p o la ro g ra p h ic  
b e h av io u r o f  Se(IV ). M any a u th o rs  d e a lt  w ith  th e  po larograph ic  d e te rm in a tio n  
o f  selen ium . T h ey  exam ined  th e  se len ium  s tep s  in  various base so lu tio n s  and  
succeeded in  m easu ring  selen ium  c o n c e n tra tio n s  as ion as a few fig /m l. T h e ir  
re su lts  are  p re sen ted  in a co m p reh en siv e  w ork  b y  В о ск  and  K a u  [1].

A ccord ing  to  these  a u th o rs , in  acid ic  so lu tio n s (pH  <  3) se len o u s ac id  
undergoes 6 -e lec tron  red u c tio n  to  h y d ro g en  se len ide a t th e  b eg in n in g  o f  th e  
po la ro g ram , h u t  a t  th e  sam e tim e  m ercu ry  is ox id ized  to  H gSe:

Se(V I) +  H g  +  4e — H gSe

A t a m ore n eg a tiv e  p o te n tia l th e  o x id a tio n  o f H g  ceases and  th e  d iffu s io n  c u r 
re n t reaches th e  6-electron va lu e . T h u s , th e  p o la ro g ram  consists o f a 4 -e le c tro n  
an d  a 2 -e lec tron  s tep .

T he p re se n t stud ies w ith  th e  h an g in g  m ercu ry  drop e lec tro d e  b egan  
on th is  basis an d  resu lted  in  th e  e lu c id a tio n  o f  v o ltam m etric  c h a ra c te r is tic s  
an d  th e  d ev e lo p m en t of a new  sen sitiv e  s tr ip p in g  m eth o d  for th e  d e te rm in a tio n  
o f selen ium .

E x p erim en ta l

The m easurem ents were perform ed w ith  a R adelkis OH 102 type polarograph using  
the dropping m ercury and the hanging m ercury drop electrodes. All potential va lu es are given  
as, the saturated calom el electrode and, to com pensate the 111 potential drop, the curves were 
recorded by applying the 3-electrode system . All reagents were of analytical grade and w ater  
was deionized on an ion exchange colum n. Further purification, which is usual in the stripping  
technique, was found to be unnecessary. A tm ospheric oxygen  was carefully rem oved b y  b u b 
bling an inert gas through the solutions.
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R esults and d iscu ssio n

T h e  b eh av io u r o f  Se(IV ) Mas firs t s tu d ie d  in  a 0.1 M  so lu tion  o f  p e r
ch lo ric  ac id  w hich h a s  no  ten d en cy  for co m p le x  fo rm atio n . W hen usin g  th e  
d ro p p in g  m ercu ry  e le c tro d e  tw o steps w ere  o b ta in e d  (Fig. 1): a d ra w n -o u t 
irrev e rs ib le  4 -e lec tron  s te p  w ith  a h a lf-w av e  p o te n tia l o f a p p ro x im a te ly  

-0 .1  V, and  a 2 -e le c tro n  s tep  having  a half-vvave po ten tia l o f —0.55 Y.

Ь ig. 1. Selen iu m (IV ) step. 5.10 4 M  N a 2SeO ;! in 0.1 M  HC10,

T he f irs t h a lf  o f  th e  cyclic v o lta m m o g ra m  recorded  Mri t h  th e  h an g in g  
m e rc u ry  drop e lec tro d e  consists  of an e lo n g a te d  w ave and a M ell-developed 
p e a k  (F ig . 2). W h en  in c reasin g ly  n e g a tiv e  p o te n tia ls  are app lied  to  th e  
e lec tro d e , s ta r tin g  fro m  0.0  Y, a solid H gSe f i lm  develops on th e  d rop  su rface . 
A t —0.58 V, th e  f ilm  d isso lves in acco rd an ce  w ith  th e  eq u a tio n : H gSe A  
-)- 2e 2 - H g  -)- H 2Se, giving rise to  a s h a rp  cu rren t peak.

In  th e  o th e r h a lf  o f  th e  cycle only a sm all an o d ic  peak appears, re su ltin g  
fro m  incom plete  d iffu sio n  o f  hydrogen se len id e  from  th e  v ic in ity  o f th e  m er
c u ry  d rop .

In  th e  presence o f  h a lid e  ions, th e  cyclic  cvirve is m odified: th e  w ave is 
sh if te d  to  a m ore n e g a tiv e  value and a su p e rim p o se d  sharp  peak  ap p e a rs  on 
th e  w ave. In  0.1 TV HC1, th e  po ten tia l o f th e  new  peak  is —0.02 V, w hile in 
0.1 N  H B r i t  is -0 .1 6  V (F ig . 3). The p o te n t ia l  o f  th e  second p eak  rem ains 
u n ch an g ed  in ev e ry  case. (In stead  of h a lf-p e a k  p o ten tia ls , peak  p o te n tia ls  
can  be  m easured m ore  a c cu ra te ly  for s h a rp ly  ris in g  peaks.)

1. The new p e a k  is useful for ca th o d ic  s tr ip p in g  i.e. on p o la riz in g  th e  
e lec tro d e  a t -f0 .0 5  V in  a stirred  so lu tion  fo r  a given period of tim e , th e n
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Fig. 2. Cyclic v o lta m m o g ra m  for se lenium (IV ) reco rd ed  w ith the  hanging  m e rc u ry  
d ro p  e lectrode . 1.10“ 4 M  N a2S eO :, in 0.1 \ J  IICIO,

Fig. 3. V o ltam m o g ram  of 1.10 4 M  N a.,Se03 in th e  fo llow ing  base solutions: (a) 0.1 M  H C 104.
(b ) 0.1 M  HC1, (c) 0.1 M  H B r
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c h a n g in g  th e  p o te n tia l to  n eg a tiv e  values, a re d u c tio n  cu rren t p eak  is o b ta in e d  
w hose  h e ig h t depends on th e  tim e  o f s tir r in g  a n d  th e  am oun t o f Se(IY ) p re se n t 
in  th e  so lu tio n .

2. T h e  h e ig h t o f th e  s tr ip p in g  p eak  re c o rd e d  a t  —0.58 V is also d e p e n d 
e n t  o n  th e  tim e  of d ep o sitio n  a t  -j-0.05 V.

3. A p a r t  from  th e  sm all residual c u r re n t  a t  th e  deposition  p o te n tia l ,  
th e  cell is free o f  c u rre n t ev en  a t  h igh c o n c e n tra tio n s  of selenous acid .

4 . T h e  s tr ip p in g  p e a k  can  also be o b se rv e d  w hen, a fte r th e  d ep o s itio n  
p ro cess , th e  e lec trode  is p laced  in to  a se len iu m -free  basic so lu tion .

F ig. 4. V ariation  of the potentia l o f  the first Se(IV ) p eak  w ith  the halide concentration  of
the base solution

5. A fte r  reco rd ing  th e  cu rv e , th e  e x p e r im e n t can  only  he re p e a te d  w ith  
a new  d ro p  w hile th e  s tr ip p in g  peak  a t  —0.58  V  can  be recorded  tim e s , u s in g  
th e  sa m e  d rop .

6. T h e  s tr ip p in g  p e a k  can  be reco rd ed  i f  th e  cell is sh o rt-c irc u ite d  or 
d isc o n n e c te d  d u rin g  th e  dep o sitio n  process.

7. T h e  p eak  p o te n tia l is d irec tly  p ro p o r tio n a l to  th e  lo g a rith m  o f th e  
h a lid e  c o n c e n tra tio n  (F ig . 4). T he d a ta  o b ta in e d  are  show n in  T ab le  I .  T h e  
lines c o rre sp o n d in g  to  th e  HC1 and  H B r b a se  so lu tions are para lle l, h a v in g  
a slo p e  o f  59 mV.

8. O n ad d in g  g e la tin  to  th e  so lu tion  th e  h e ig h t of th e  p eak  g ra d u a lly  
d ec reases  (F ig . 5).

9 . T h e  p eak  decreases w ith  increasing  te m p e ra tu re . These m e a su re m e n ts  
w ere c a rr ie d  o u t in  a 0.2 M  FIC1 so lu tion  c o n ta in in g  5 • 1 0 -4 M  S e(IV ). 30 
seco n d s w ere  allow ed to  e lapse  betw een p re ss in g  o u t th e  m ercu ry  d ro p  an d  
s ta r t in g  th e  m o to r so t h a t  th e  so lu tion  cam e to  re s t . The te m p e ra tu re  d e p e n d 
ence o f  th e  tra n sfe rre d  e lec tr ic ity  ca lcu la ted  fro m  th e  area u n d er th e  p e a k , 
is sh o w n  in  T ab le  I I .  T he decrease is 5%  p e r  d eg ree  on th e  average.
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Table I

Dependence o f the peak potential o f S e ( I V )  on halide concentration 
(A cid  concentration adjusted to 0.2 M  by HC104)

[ X - l e p
C l-  com plex

E p
B r  com plex

1 X 1 0 “ 4 — + 0 . 0 2 5

5 X 1 0 “ 4 +  0 . 1 1 5 — 0 . 0 2

1 X 1 0 “ 3 +  0 . 0 9 5 0 . 0 4

5 X 1 0 -  3 + 0 . 0 6 0 —

7 X 1 0  3 — — 0 . 0 9

1 X  i o - 2 +  0 . 0 5 0 — 0 . 1 0

5  X 1 0 “  2 +  0 . 0 1 0 — 0 . 1 4

1 Х Ю “ 1 — 0 . 0 2 0 0 . 1 6

5 X 1 0 - ' 0 . 0 6 0 —

Fig. 5. Peaks for S e(lV ) from  solutions containing different am ounts o f  gelatin. The percentage
of gelatin is given  with each peak
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Table II

Dependence o f S e (IV )  current peaks on temperature

> (°C) c (/< Cb)

13 58

20 51

41 32

50 16

64 4.5

O n th e  basis o f th e  above  ex p e rim en ts , i t  is obvious th a t  from  selenous 
so lu tio n s  co n ta in in g  h a lid e  ions, a se len ium  com pound  is d ep o sited  on  th e  
su rfa c e  o f  th e  m ercu ry  d ro p  while no tr a n s f e r  o f  e lectric ity  occurs, b u t  th e  
p ro d u c t  is  c a th o d ica llv  red u c ib le  (c f . 1, 3, 4 a n d  6). The red u c tio n  p ro d u c t 
w h ich  fo rm s  a solid a d h e re n t coa tin g  on th e  d ro p , is fu r th e r  re d u c ib le  a t 

0 .58  V , th u s  it consists o f  H gSe (cf. 2 a n d  5).
T h e  sh if t in th e  p eak  p o te n tia l in d ic a te s  t h a t  in halide c o n ta in in g  so lu 

tio n s  se len o u s acid is p re sen t as a com plex  com pound . This m ean s t h a t  in 
a HC1 o r H B r base so lu tio n  hexaha lo se len o u s ac id  and/or th e  co rre sp o n d in g  
sin g ly  a n d  double  ion ized  fo rm s ex ist (cf. 7). A  sim ple re la tion  (3) h o ld s  for 
th e  h a lf-w a v e  p o ten tia l m easu red  in th e  p re se n c e  o f com plexing ag e n ts  w hich, 
w hen  a p p lie d  to  th e  p re se n t case, becom es:

„  0.059 , r v  ,
E p =  const - p  log  [X  I

w here  z  is th e  num ber o f e lec trons in v o lv ed  in  th e  electrode re a c tio n , p  is th e  
c o o rd in a tio n  n u m b er in  th e  com plex an d  [X  ] is th e  co n cen tra tio n  o f  h a lid e  
ions. T h e  c o n s ta n t inc ludes th e  red u c tio n  p o te n tia l  of selenous ac id , a n d  th e  
c h a n g e  in  overvo ltage  due to  com plex  fo rm a tio n , the  d ifference b e tw een  
h a lf-w a v e  a n d  peak  p o te n tia ls , and  a te rm  d e p e n d in g  on th e  com plex  s ta b i l i ty  
c o n s ta n t .  S ince th e  coeffic ien t o f log [X  ~] w as found  to he 59 m V , z is equal 
to  p  a n d , co n seq u en tly ,

H 2S eX f) 6e H 2Se -f- 6 X  .

T h e  o b se rv a tio n  an d  resu lts  so fa r  co n sid e red  give no e x p la n a tio n  for 
th e  a p p e a ra n c e  of th e  c a th o d ic  peak  an d  th e  possib ility  for s tr ip p in g  an a ly sis . 
I t  c a n  b e  assum ed, how ever, th a t  th e  m o lecu les increased in size a n d  w eigh t 
as a r e s u l t  o f com plex fo rm a tio n  are ad so rb e d  on  th e  surface of th e  d ro p  due 
to c o n s id e ra b le  adhesive  forces. C o n seq u en tly , th e y  can be a c c u m u la te d  at
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th e  m ercu ry  d ro p  w ith o u t an y  e lectrode re a c tio n , th e  phenom enon  b e ing  useful 
for s tr ip p in g  te c h n iq u e . T he sp o n tan eo u s ad so rp tio n  o f th e  d ep o la rize r is 
conv incing ly  p ro v ed  b y  th e  ex p erim en ts  w ith  a cap illa ry -ac tiv e  su b s ta n c e  
(cf. 8) a n d  by  tem p era tu re -d ep en d en ce  m easu rem en ts  (cf. 9) since a rise  in 
te m p e ra tu re  h in d ers  ad so rp tio n  w hereas it increases o th e r  (d iffusion, k ine tic ) 
p o la ro g rap h ic  cu rren ts .

T he e x p e rim e n ta l resu lts  do no t p rec lu d e  the  th e o re tic a l p o ss ib ility  th a t  
in a c u rre n t free cell th e  adso rbed  film  is p ro d u ced  b y  chem ical reac tio n . I f  th is  
is th e  case, th e  in te ra c tio n  o f selenious acid as a s tro n g  o x id an t, w ith  m ercu ry  
as well as th e  halides w ould resu lt in  th e  fo rm a tio n  o f an  inso luble  m ercu ry  
or selen ium  co m p o u n d , th e  redu c tio n  o f  w hich  w ould give rise to  th e  a d so rp 
tio n  c u rre n t p eak . T h is assu m p tio n , how ever, is n o t con firm ed  because o f  th e  
co n sid e rab ly  d iffe ren t red u c tio n  p o te n tia ls , th e  re la tiv e ly  high so lu b ility  and  
h y d ro lysis  o f th e  possible com pounds (e.g. H g2Cl„, HgSe, H g2S e 0 3, Se2Cl2).

Determination of Se(IV) by stripping voltammetry

On th e  basis o f th e  foregoing, th e re  a re  to  possible w ays of d e te rm in in g  
Se(IV) b y  c a th o d ic  s tr ip p in g  v o lta m m e try  u sing  e ith e r  one o f tw o d iffe ren t 
e lec trode  reac tio n s . In  b o th  cases a 0.2 M  HC1 so lu tion  can be best used  as 
su p p o rtin g  e lec tro ly te .

F o r  th e  ano d ic  s tr ip p in g  peak , th e  d ep o sitio n  o f th e  su b stan ce  is acco m 
plished a t  -I- !).05 V while th e  so lu tion  is k e p t s tirred . A fter s to p p in g  th e  
s tirrin g , 20 seconds are  allow ed to  pass an d  th e n  th e  red u c tio n  cu rv e  fo r th e  
ad so rp tio n  lay e r is reco rded  (F ig . 6). I t  can  be m ore accu ra te ly  e v a lu a te d  b y  
m easu rin g  th e  a rea  u n d er th e  curve. T ab le  I I I  show s th e  re la tio n sh ip  b e tw een  
th e  q u a n ti ty  o f e lec tric ity  ca lcu la ted  from  th e  p eak -a rea , th e  c o n c e n tra tio n  
and  th e  d ep o sitio n  tim e.

As can be seen from  th e  d a ta  given in  th e  T ab le , th e  ad so rp tio n  p eak  is 
su itab le  fo r a n a ly tic a l purposes. B ecause o f its  re la tiv e ly  positive  p o te n tia l, 
on ly  a few ions in te rfe re . I t  is unaffec ted  b y  large  excess o f P b , Cd, A s, Т е, 
T i, Mn, T l and  Zn b u t  in te rfe ren ce  is en co u n te red  from  F e ( I I I )  an d  Cu w hen 
p resen t in  tw o-fo ld  excess. S b (III)  an d  Bi a re  also troub lesom e w hen th e ir  
c o n cen tra tio n s  are  te n  tim es g rea te r th a n  th a t  o f selenium .

T he s tr ip p in g  tech n iq u e  is no t p e rfo rm ed  accord ing  to  th e  usual m e c h a 
nism  also in  th e  case of th e  o th e r  selenium  p eak , i.e. it  is n o t a reversib le  p ro c 
ess allow ed to  proceed in th e  forw ard an d  rev erse  d irec tio n s b u t a tw o -s tag e  
red u c tio n , th e  su b seq u en t steps o f w hich a re  used as w ork ing-process: one 
s tep  is th e  film -fo rm atio n  and  th e  o th e r is th e  elec tro -d isso lu tion  process. 
The d isso lu tio n  cu rve  for H gSe form ed a t th e  deposition  p o ten tia l ( 0.4 V)
is also a sh a rp  ca th o d ic  peak , w hich is w e ll-su ited  for an a ly tica l p u rp o ses .
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- E

Fig. 6. S tr ip p in g  curves o f Se(IV ). 5.10 6 M  N a2SeO;j in  0.2 M  HCI. T im e of d ep o sitio n : 
(a) 30 sec, (b) 1 m in  (c) 4 m in  (d) 8 m in.

T able  I I I

Variation with concentration o f the adsorption peak o f S e f l V )

C ( M ) i  («ec) e  ( , <  С Ь ) —  1 0 4  
e t

I X  io-5 60 16 2.67

5 X 1 0 - “ 60 7.7 2.57

5 X 10 -  й 120 16 2.67

IX  I O “  6 300 7.8 2.60

5 X 1 0 - 7 120 1.47 2.45

2 X 1 0 - 7 120 0.60 2.50

2 X 10“ 7 300 1.54 2.57

i x  io-7 300 0.70 2.34
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F e ( I I I ) ,  Cu, P b , Cd, As an d  T1 cause in te rfe ren ce  even w hen th e y  a re  p resen t 
in  co n cen tra tio n s eq u a l to  th a t  o f selen ium .

B y  th e  a p p lica tio n  o f  th e  s tr ip p in g  tech n iq u e , th e  s e n s itiv ity  o f  th e  d e te r
m in a tio n  of Se has b een  m ark ed ly  increased  as com pared  to  th e  po larog raph ic  
te c h n iq u e . In  a d d itio n , th e  w e ll-separa ted  ad so rp tio n  p eak  p ro v id es  a higher 
se lec tiv ity . The sm a lle s t Se(IV) co n c e n tra tio n  d e te c ta b le  b y  th is  m eth o d  was 
7 X  10 ~8 M  a t th e  ad so rp tio n  p eak  and  5 x 1 0  9 M  a t  th e  second  peak . In  
p ra c tic e , selenium  c o n cen tra tio n s  o f a few h u n d re d th  o f a /ig /m l can  he d etec ted , 
b u t  u n d e r  fav o u rab le  c ircu m stan ces , co n cen tra tio n s  as low  as a few  th o u sa n d th s  
o f  a /ig /m l are accessib le b y  th e  ca th o d ic  s tr ip p in g  m e th o d . F o r  th e  d e te rm i
n a tio n  o f 10 _5 M  o r h ig h e r co n cen tra tio n s  o f  selen ium , v o lta m m e try  w ith o u t 
e lec tro -deposition  o r classical p o la ro g rap liy  m e th o d s can be em p lo y ed  m ore 
successfully .
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102 H ungarian and foreign bauxite sam ples were exam ined by the author using 
X -ray diffractom eter, derivatograph, and analyzed by chem ical m ethods. The pur
pose of the work has been to com pare the efficiency of X -ray diffractom etric and deriv- 
atographic m easurem ents and to study  the possibilities o f their jo in t application.

The possibilities o f  detecting various m inerals are treated. D ata  on the detection  
lim its are given in Table I. The derivatogram s of som e m inerals detected  in bauxite  
are presented which have not ye t been published in the literature.

In the third part o f the paper the problem s of the qu antitative  determ ination  
of minerals are treated. According to the author, in the case o f  well hom ogenized  
samples the results obtained by the two m ethods agree w ithin 0.5% . Both m ethods 
yielded 0.2 to 2.2%  water excess compared to the results o f chem ical analysis. I t  has 
been cleared up by the author th a t this water excess is due to adsorbed (chemisorbed) 
water m olecules which leave above 100 °C. In loose, porous bau xite  types the am ount 
of adsorbed water is greater than in com pact ones. Besides, greatest water am ounts 
are adsorbed by bauxites rich in iron and m anganese m inerals.

The jo in t application o f the two m ethods has special im portance in the m iné
ralogie elaboration o f new , so far unexam ined deposits, ow ing to the so called minera- 
logical error, which m ay change the results by 5— 20% . B y m eans o f derivatogram s 
and chemical analyses the constants can be appropriately m odified and the results 
made accurate. B y  com bining the two m ethods the mineral com position o f other sedi
m entary and pyroclastic rocks can he determ ined w ith adequate accuracy.

Introduction

T he a c cu ra te  q u a n t i ta t iv e  d e te rm in a tio n  o f th e  m in era l com position  of 
b a u x ite  is o f g rea t im p o rta n c e  b o th  from  th e  sc ien tific  p o in t o f  view  an d  in 
th e  p rac tice  o f b a u x ite  processing. N á r a y - S z a b ó  a n d  N e u g e b a u e r  w ere 
f irs t  to  use X -ra y  d iffrac tio n  m e th o d  to  th e  in v es tig a tio n  o f H u n g a rian  
b a u x ite  (1944). T h e  possib ilities  o f  th e  q u a n ti ta t iv e  p h ase  analy sis  o f b a u x ite  
b y  X -ra y  d iffra c to m e try  have  been s tu d ied  all over th e  w orld  since 1953 
( T e r t i a n  1953, T e r t i a n - H o u s s e m a i n e  1954, B l a c k  1953, B r i n d l e y -  

S u t t o n  1957, G i n s b e r g - W e f e r s  1957, R o h n e r  1957, M e n c z e l  1958, 
B e z j a k  1962, G u t k i n - S k r i p k o  1963). T he m eth o d  e la b o ra te d  ea rlie r by  
N á r a y - S z a b ó  an d  P é t e r  (1964) for clays a n d  soils w as used  b y  th e  a u th o r  
o f th e  p resen t p a p e r w ith  som e m od ifica tions for s tu d y in g  b a u x ite ;  he also 
p roved  th a t  th e  so called  m ineralogical e rro r is th e  g re a te s t u n c e r ta in ty  fac to r  
in th e  d e te rm in a tio n s  (1966).
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E r d e y , P a u l i k  a n d  P a u l i k  w ere f ir s t  to  use d e r iv a to g ra p h  for 
e x a m in in g  b au x ite  (1955), l a te r  th e y  also d e a lt w ith  th e  th e rm a l decom po
s itio n  o f  g ibbsite  ( E r d e y , P a u l i k  1959), w ith  th e  d e te rm in a tio n  o f calcite  
( P a u l i k , L i p t a y , G á l  1963) a n d  p y rite  ( P a u l i k , G á l , E r d e y  1963) in  
b a u x i te .  T h e  th e rm a l d eco m p o sitio n  of v a rio u s b a u x ite  m in era ls  w as in v e s ti
g a te d  b y  Ü v e g e s  and  M á r i á s s y  (1959) b y  m eans o f th e  d e riv a to g ra p h . K o t s i s  

(1962 , 1964) developed a m e th o d  fo r th e  q u a n t i ta t iv e  d e te rm in a tio n  o f som e 
b a u x i te  m inerals.

T h e  purpose of th e  p re s e n t  w ork  has heen  to  com pare  th e  tw o m eth o d s 
o f  in v e s tig a tio n , and to  f in d  th e  possib ilities o f th e ir  jo in t ap p lica tio n . B au x ite  
sa m p le s  h av e  been chosen, th o ro u g h ly  hom ogenized  an d  exam ined  b y  d e riv 
a to g ra p h , X -ray  d if fra c to m e te r  an d  chem ical m e th o d s . T he sam ples w ere 
th e  40  sam ples of th e  b a u x i te  collection  o f th e  R esearch  L a b o ra to ry  for 
G e o c h e m is try  of th e  H u n g a r ia n  A cadem y  o f S c ie n c e sa n d  th e  62 sam ples o f th e  
co lle c tio n  o f th e  R esearch  I n s t i tu te  for M etal In d u s try . T he a u th o r  w ishes to  
t h a n k  fo r  supp ly ing  th e  d a ta  o f  th e  la t te r  sam ples also here.

X - ra y  d iffrac tion  m e a su re m e n ts  w ere m ad e  w ith  a M iiller M ikro 111 
g e n e ra to r  and  a P h ilips co u n te r-re co rd e r, w ith  Cu, Co an d  Mo К  a  ra d ia tio n . 
T h e  d a ta  fo r th e  cond itions o f  th e  m easu rem en ts  are  th e  sam e as g iven in an 
e a r l ie r  p a p e r  ( B á r d o s s y  1966).

2 . P rob lem s of the  d e tec tio n  an d  qua lita tive  d e te rm in a tio n  o f m inera ls

B y  X -ra y  d iffra c to m e te r  all c ry sta llin e  m inera ls  an d  b y  su p p le m e n ta ry  
m e a su re m e n ts  (by so-called a d d itio n  m ethods) also th e  a m o u n t o f th e  a m o r
p h o u s  p h a se  can be d e te rm in e d . T hose m inera ls  can  be  d e te c te d  b y  m e a n s  of 
a d e r iv a to g ra p h  w hich u n d e rg o  th e rm a l changes (w eigh t change, s t ru c tu ra l  
c h a n g e ) on heating . So fro m  am ong  th e  usual b a u x ite  m in era ls  h e m a tite , 
m a g n e t i te ,  ilm en ite , a n a ta se , ru t i le  and  co ru n d u m  c a n n o t be d e tec ted  b y  th is  
m e th o d . Q u artz  is v e ry  d if f ic u lt  to  d e tec t in  b a u x ite  b y  m ean s o f a d e r iv a to 
g ra p h , i t  is only  possible b y  re p e a te d  h ea tin g , w hile it  is re a d ily  an d  ac c u ra te ly  
d e te rm in e d  b y  an  X -ra y  d iffra c to m e te r .

T h e  detec tio n  lim its  o f  som e m inera ls  in  th e  m a in  ty p e s  o f b a u x ite  by  
X - r a y  d iffrac to m e te r h av e  b e e n  ca lcu la ted  an d  th e  re su lt checked  b y  m eans 
o f  s y n th e t ic  m ix tu res ( B á r d o s s y  1966). T he d e te c tio n  lim its  in  th e  case o f th e  
d e r iv a to g ra p h  were d e te rm in e d  b y  K o t s i s  (1962, 1964) fo r g o e th ite , p y rite , 
k a o lin i te , dolom ite an d  c a lc ite , b y  m eans o f sy n th e tic  m ix tu re s . In  th e  p re sen t 
s tu d ie s  th e  a u th o r  has d e te rm in e d  th e  lim its  o f  d e tec tio n  o f th e  m in e ra ls  by  
th e  d e r iv a to g ra p h  in  all th e  102 sam ples av a ilab le , w hich  can  be d e te c te d  b y  
a n  X - r a y  d iffrac to m eter. A lso th o se  m inerals h av e  been  d e te rm in ed  w hich 
in te r f e r e  w ith  th e  d e te rm in a tio n  o f  th e  m inera l in  q u es tio n . All th e se  d a ta  are 
g iv en  in  T ab le  I.
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T able  I

Detection lim it o f minerals in bauxite

D e riv a to g rap h ica lly

M ineral
D iffran to -
m e tr ic a lly

%
A ccording  to

M easurem ents b y  th e  a u th o r

T . K o t s is  
1%4 U n d is 

tu rb e d
%

D is
tu rb e d

%
In te rfe r in g  m in e ra l 
in  th e  p resence o f

g ib b site 0 .5 2 .6 7 great am o u n t of goe th ite

4 goeth ite  in ab o u t th e  sam e a m o u n t

b o ehm ite 0 .5 4 0 diaspore, cham osite, k ao lin ite
d iaspore 0 .5 4 9 boehm ite, cham osite, k a o lin ite

g o e th ite 0 .3 5 6 2 8 g re a t am o u n t of g ibbsite

3 gibbsite  in ab o u t the sam e a m o u n t

p y rite 0 .3 0 .4 0 .3 1 organic m ateria ls

cham osite 1.2 s 15 boehm ite, diaspore, k ao lin ite
k a o lin ite 2 .2 0 2 .5 (its exo therm ic peak is n o t d is tu rb ed  

by  peaks from  o th e r m inerals)
h a lloysite 2 .5 2 .5 10 g re a t am oun ts o f boehm ite, d iaspore , 

kao lin ite
ch lo rite 2 .7 6 25 kao lin ite , halloysite , cham osite
illite 3 .0 8 30 kao lin ite , halloysite , ch am osite
sid e rite 0 .2 1 (its  exo therm ic peak is n o t d is tu rb ed  

by peaks from  o th er m inerals)
calci te 0 .2 0 .4 1 5 dolom ite, a lu n ite , p y rite
do lom ite 0 .2 4 4 10 calcite, a lun ite , p y rite

lith io p h o rite 3 .0 8 15 p y rite , organic m ateria ls

T h  e d a ta  re fle c t th a t  th e  X - ra y  d iffrac to m e te r  is m ore a d v a n ta g e o u s  
fro m  th e  p o in t o f  v iew  of d e te c ta b il i ty  of m in era ls  th a n  th e  d e r iv a to g ra p h  
a n d  also, th a t  th e  c lay  m inerals in  b a u x ite  are  m ost d ifficu lt to  d e te c t b y  b o th  
m e th o d s .

A ny organ ic  su b stan ce  p re se n t can  also be d e tec ted  b y  th e  d e r iv a to g ra p h  
on  th e  basis of th e  exo therm ic  p e a k  betw een  400 — 500 °C on th e  D T A  cu rv e . 
I ts  id en tif ic a tio n  is m ore d ifficu lt in  th e  p resence  of p y rite , a lth o u g h  still 
possib le  accord ing  to  P a u l i k ,  G á l  a n d  E u d e y  (1963). T he d e tec tio n  l im it  o f 
o rg an ic  m a tte r  in b a u x ite  is 0 .3 —0 .5 % , w hile i t  c an n o t a t  all be d e te c te d  
b y  an  X -ray  d iffrac to m eter.

D iffe ren t m in era ls  can be reco g n ized  by  m eans o f an  X -ra y  d if f ra c to 
m e te r  on th e  basis  o f th e  p o sitio n  an d  in te n s ity  o f re flec tions. C onnected  
p rob lem s have b een  d ea lt w ith  in  d e ta il  ea rlie r ( B Á r d o s s y  1966). T h e  bases 
fo r th e  recogn ition  o f  m inerals b y  m e a n s  o f d eriv a to g ram s arc  th e  te m p e ra tu re s
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o f e n d o th e rm ic  and  e x o th e rm ic  peaks. The fa c t t h a t  th e  te m p e ra tu re s  be long
in g  to  th e  peaks in  som e cases depend  on th e  a m o u n t o f m inera l m akes th e  
d e te c tio n  m ore d ifficu lt. T h is  effect is g rea te s t fo r  ca lc ite . A ccording to  P a u l i k , 

L i p t a y  a n d  G á l  (1963) th e  te m p e ra tu re  o f  th e  en d o th e rm ic  p eak  is 900 °C 
fo r 1 0 0 %  calcite , w hile 730 °C for 1%  calcite . S im ila r b eh av io u r can  be  o b 
se rv ed  w ith  dolom ite.

T h e re  are no su ch  d a ta  availab le  for o th e r  m in era ls  occurring  in  b a u x ite . 
T h e re fo re  th e  d a ta  o f th e  d e riv a to g ram s w ere e v a lu a te d  b y  s ta tis t ic a l  m e th o d : 
th e  d is tr ib u tio n , a r i th m e tic  m ean  and  m o st f re q u e n t va lue  (m odus) o f th e  
p e a k  te m p e ra tu re s  w ere  d e te rm in ed . The p e a k  te m p e ra tu re s  change o n ly  b y  
10—40 °C in  th e  case o f  v a r io u s  am o u n ts  o f  m in e ra ls . Isom orphous s u b s ti tu 
t io n , how ever, m ay  cau se  m u c h  g rea te r sh ifts . S m all differences in  p e a k  te m 
p e ra tu re s  are b ro u g h t a b o u t  b y  la ttic e  d efec ts , d ifferences in  th e  c ry sta llin e  
o rd e r  a n d  th e  grain  size o f  crysta llites .

T h e  te m p e ra tu re  o f  th e  exotherm ic p e a k  o f  g o e th ite  varies  be tw een  290 
a n d  390 °C according to  i ts  am o u n t. The a r ith m e tic  m ean  is 349 °C, th e  m odus 
340 °C. T h e  reason fo r th is  g re a t dev ia tio n  is p ro b a b ly  th a t  th e  F e 3+ ions in  
g o e th ite  can  be s u b s t i tu te d  by  A l3+ ions iso m o rp h o u sly . A ccording to  th e  
ex p erien ce  of th e  a u th o r  th e  degree of su b s ti tu t io n  v a rie s  from  1 — 2 to  30 mole 
p e r  c e n t in  b au x ites. T h e  te m p e ra tu re  of th e  e n d o th e rm ic  p e a k  rises w ith  in 
c rea s in g  degree of s u b s t i tu t io n  b y  Al. T his in c re a se  in  th e rm a l s ta b ili ty  is due 
to  th e  fa c t th a t  th e  in tro d u c tio n  of Al changes th e  la tt ic e  to  a sm all e x te n t 
in to  th e  d irection  o f t h a t  o f  d iaspore w hich  gives th e  g o e th ite  c ry s ta l g rea te r 
s ta b i l i ty .

F o r  gibbsite  th e  te m p e ra tu re  o f th e  m a in  en d o th e rm ic  p eak  o f  th e  DTG 
c u rv e  v a rie s  betw een  280 a n d  350 °C, th e  a r i th m e tic  m ean  being  313 an d  th e  
m o d u s  320 °C. As no  iso m o rp h o u s s u b s titu tio n  is possib le in  th is  case, th e  
d e v ia tio n s  are caused  b y  d ifferences in th e  deg ree  o f  o rd er o f th e  la tt ic e  an d  
in  th e  size of c ry s ta llite s . T h e  appearance  o f  sm all en d o th e rm ic  peaks before 
a n d  a f te r  th e  m ain  e n d o th e rm ic  peak  in th e  case  o f som e g ibbsite  sam ples can 
also  be ascribed to  th e  ab o v e  facto rs. C o n n ec ted  p rob lem s w ere e lu c id a ted  
b y  E r d e y  and  P a u l i k  on  th e  basis o f th o ro u g h  in v es tig a tio n s  (1959).

T h e  te m p e ra tu re  o f  th e  endo therm ic  D T G  p e a k  of bo eh m ite  w as found  
to  v a ry  betw een  520 a n d  565 °C, th e  a r ith m e tic  m ean  being  540 °C an d  th e  
m o d u s  550 °C. T he d e v ia t io n  of d a ta  is even  sm alle r th a n  w ith  g ib b site , th e  
rea so n  o f w hich m a y  b e  1-—2 %  F e3+ su b s ti tu t io n , la ttic e  defects a n d  d iffer
ences in  grain  size.

O n ly  13 d iasp o re  sam ples were a v a ilab le  since th is  m inera l is p resen t 
in  H u n g a ria n  b a u x ite s  in  v e ry  sm all a m o u n t o n ly . W e h ad  to  re ly  on d a ta  
o b ta in e d  w ith  b a u x ite  sam p les  from  G reece, Y u g o slav ia  an d  th e  Sov iet U nion. 
T h e  te m p e ra tu re s  o f  th e  endo therm ic  p e a k  w ere be tw een  530 an d  555 °C, 
th e  a rith m e tic  m ean  b e in g  535 °C.
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T he d ifference betw een  th e  p eak  te m p e ra tu re s  o f d iaspore an d  b o e h m ite  
is so sm all th a t  in  b o eh m ite -d iasp o re  b a u x ite s  th e  tw o  m inerals c a n n o t be 
d is tin g u ish ed , th e  en d o th e rm ic  peaks m erge in to  one single p eak  (F ig . 1).

T he m ost fre q u e n t clay  m ineral in  b a u x ite  is kao lin ite . I t  is k n o w n  th a t  
th e re  m ay  be g rea t d ifferences in  th e  degree o f  o rd e r o f  k ao lin ite  c ry s ta ls , a n d  
th is  can  be d e m o n s tra te d  by  X -ra y  m easu rem en ts . A ccord ing  to  d a ta  m easu red  
b y  F i e d l e r  an d  S t e i n i k e  (1967) th e  th e rm a l p ro p e rtie s  o f k ao lin ite s  o f  d if
fe ren t degrees o f  o rd e r are  d ifferen t . T he  m ain  en d o th e rm ic  DTA p eak  o f  h ig h ly

°C

Fig. 1. D iaspore-boehm ite bauxite from D istom on (Greece) w ith  som e cham osite and goeth ite

c ry s ta llin e  k ao lin ite s  ap p ears  a t  583 4^ 3 °C, w hile th a t  of k ao lin ites  d iso r
dered  a long  th e  ax is b a t  550 — 562 °C, an d  o f  sam ples loosened also a long  th e  
axis c a t  527 — 564 °C. T he la s t nam ed  ty p e  has been  id en tif ied  by  th e  a u th o rs .

T he D T A  peaks o f k ao lin ites a p p e a r  a t  520 — 600 °C, w hich in d ic a te s  
the  d iffe ren t degrees o f o rd e r o f th e  sam ples. T h e  a rith m e tic  m ean  is 576 °C, 
m odus 580 °C w hich in d ica tes  th a t  m o stly  c ry s ta llin e  m odifica tions o f  k a o li
n ite  are  p re se n t in  b a u x ite . The d a ta  o f X -ra y  ex p erim en ts  also su p p o rt th is  
s ta te m e n t.

T he a c c u ra te  m easu rem en t of th e  te m p e ra tu re  o f th e  en d o th e rm ic  p eak  
of k ao lin ite  is r a th e r  d ifficu lt in  th e  p resence o f  g rea t am o u n ts  o f  b o e h m ite  
an d  d iasp o re , th e re fo re  i t  is adv isab le  to  ta k e  also th e  exo therm ic  p eak s in to  
co n sid era tio n . A ccord ing  to  F i e d l e r  an d  S t e i n i k e  (1967) th is  te m p e ra tu re  is 
980 3 °C fo r h igh ly  c ry sta llin e  k ao lin ite , 940 — 950 °C for sam ples d iso rd e red
along th e  ax is 6, an d  914 940 °C for th o se  d iso rd e red  along  th e  ax is c. O n th e
d e riv a to g ra m s ta k e n  b y  th e  a u th o r  th e  ex o th e rm ic  p eak s appeared  b e tw een
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910 a n d  1000 °C, th e  a r ith m e tic  m ean  b e in g  958 °C, th e  m odus 960 °C. These 
d a ta  a re  in  good ag reem en t w ith  earlie r s ta te m e n ts  of th e  a u th o r.

I t  c an  be  e stab lish ed  th a t  th e  e v a lu a tio n  o f th e  d e riv a to g ram s helps 
in  d e te rm in in g  th e  degree o f o rd er o f lcao lin ite  p re se n t in  b au x ite .

R e c e n tly  th e  a u th o r  has succeeded  in  d e te c tin g  in  som e H u n g a ria n  and  
fo re ign  b a u x ite s  b y  X -ra y  d iffra c to m e tric  m easu rem en ts  a d io c tah ed ra l ch lo
r ite  m in e ra l — su d o ite  — sim ilar in  co m p o sitio n  to  kao lin ite . A ccord ing  to  th e  
p re se n t know ledge an d  experience of th e  a u th o r  th e  th e rm a l p ro p e rtie s  of 
su d o ite  in  b a u x ite  do n o t d iffer from  th o se  o f k ao lin ite  in  no ticeab le  e x te n t. 
T h ere fo re  th e  p resence  o f su d o ite  in  b a u x ite  can  on ly  be d e tec ted  b y  an  X -ra y  
d iffra c to m e te r .

Som e la te r ite -b a u x ite s  are r ich  in  h a llo y s ite . I ts  presence can  be no ticed  
easily  on  th e  basis  o f  th e  h ig h  en d o th e rm ic  p e a k  a t  130 —150 °C. I ts  ex o th e rm ic  
p eak  a p p e a rs  b e tw een  930 an d  970 °C, a cco rd in g  to  th e  e ig h t d e riv a to g ram s 
g iven  in  th e  b o o k  b y  L a n g i e r - K u z n i a r o w a  (1967). T his p eak  o f a b a u x ite  
sam p le  r ich  in  ha llo y site  from  G reece h as  b een  found  to  be a t  990 °C. I f  also 
k a o lin ite  is p re se n t, th e  ex o th e rm ic  p e a k s  o f  th e  tw o m inera ls c a n n o t he 
d is tin g u ish ed .

In  som e b a u x ite  ty p e s  k ao lin ite  is p a r t ly  or com pletely  s u b s ti tu te d  by  
ch am o site . I t  is ch a rac te rized  b y  a h ig h  en d o th e rm ic  peak  a t  480 °C, accord ing  
to  th e  d e r iv a to g ra m  given in  th e  bo o k  b y  L a n g i e r - K u z n i a r o w a  (1967). 
W ith  ch a m o site -b a u x ite s  from  G reece th is  p e a k  ap p eared  a t 560 °C. I t  is 
p ro b a b le  t h a t  th e  te m p e ra tu re  o f th e  e n d o th e rm ic  p eak  depends on th e  co m 
p o sitio n  o f ch am o site . T he ex o th e rm ic  p e a k  a t  960 °C lacks, w h a t m akes its  
d is tin g u ish in g  from  k ao lin ite  easier. In  o th e r  b a u x ite s  tr io c ta h e d ra l ch lo rite  
occurs in  v a ry in g  am o u n ts , an d  ra re ly  also i l lite  an d  m o n tm o rillo n ite . Ow ing 
to  th e  o v e rlap p in g  o f th e rm a l reac tio n s in  th is  case ce rta in  c lay  m in era ls  c a n 
n o t be  d e te c te d  re liab ly , so b o th  d iffra c to g ram s a n d  d e riv a to g ram s h av e  to  
be e v a lu a te d . In  th is  w ork  a v a lu a b le  a id  can  be th e  book b y  L a n g i e r - 

K u z n i a r o w a  (1967) in  w hich  th e  d e r iv a to g ra m s  o f clay m inera ls  a re  g iven.
To i l lu s tra te  th e  above sa id , th e  d e riv a to g ra m s o f a b a u x ite  sam ple  co n 

ta in in g  ch lo rite  an d  of one co n ta in in g  illite  a re  show n in Fig. 2.
In  th e  course  of th e  p re sen t w ork  som e m inera ls  h av e  also been  s tu d ie d  

th e  d e r iv a to g ra m s  o f w hich  h av e  n o t y e t  b een  given in  th e  l i te ra tu re .
L ith io p h o r ite  LigAlgM n^+M n^Ogj • 14H 20  — has been  d e te c te d  in 

b a u x ite  sam ples from  E p lén y , H a lim b a  (H u n g a ry ) and  G reece. T h e  degree 
o f c ry s ta l l in i ty  is w idely  v a ry in g , th e re fo re  th e  d e riv a to g ram s a re  so m ew hat 
d iffe ren t (see F ig . 3). F ro m  th e  p o in t o f v iew  o f d e tec tio n  th e  in te n s iv e  en d o 
th e rm ic  p eak  a t  4 7 6 —496 °C on th e  D T A  c u rv e  an d  470—492 °C on th e  DTG 
cu rv e , a cco m p an ied  b y  a rem ark ab le  w a te r  re lease is of im p o rta n c e . O n th e  
D T A  curv 'es o f  h ig h ly  c ry s ta llin e  sam ples also a sm all exo th erm ic  p e a k  can  be 
o b serv ed  a t  268 °C. On th e  d e riv a to g ram s o f less cry sta llin e  sam ples th is  peak
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Fig. 2. A. Light green chlorite rich bauxite from  Karnnik (S lovenia, .Jugoslavia). B . T he sam e  
sam ple after boiling w ith  10% HC1. Chlorite and goeth ite were dissolved; C. Red illite -c la y ey  

bau xite  from the Parnassus m ountains (Greece)

does n o t a p p ea r, b u t  th e re  is a f la t  e n d o th e rm ic  p e a k  on the  D TA  c u rv e  at 
130 °C, in d ic a tin g  g ra d u a l w ate r re lease . T h is is p ro b a b ly  no t s tru c tu ra l ,  b u t 
s tro n g ly  ad so rbed  o r chem isorbed  w a te r .

T h e  d e riv a to g ram  o f a lu m in ite  — Al2SO,|(OH),j • 7H 20  w h ich  occurs 
in  th e  b a u x ite  from  Szőc in form o f w h ite  n e s ts , is characterized  b y  a h igh  
in itia l en d o th e rm ic  p eak , on w hich fo u r p a r tia l  m in im a appear a t  130, 175.

A

Fig. 3. A. Black crust betw een bauxite and footw all lim eston e from Eleusis (G reece). 62%  
lith iophorite + 3 8 %  calcite; B . Black nests in red bau xite  from  Halim ba, M alom völgy X . 
Minerals: lith iophorite, gibbsite, bochm ite and calcite, all o f  low  degree of crysta llization
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198 a n d  222 °C (F ig . 4 ). T h is  corresponds to  th e  stepw ise rem o v a l o f  w a te r. 
S 0 3 begins to  leav e  a b o v e  700 °C, w hich  p ro c e e d s  in  two steps a t  910 an d  
945 °C according to  th e  D T G  curve. T he sm a ll exo therm ic  p eak  a t  850 °C is

° c

Fig. 4. W hite pure a lu m in ite  nest in red b a u x ite  from  Szőc, Nyíreskút (H ungary)

in d ic a tiv e  of th e  fo rm a tio n  of y and  a  A120 3. T h e  correctness o f  th is  in te r 
p re ta t io n  of th e  p ro cess  h as  been checked  b y  X -ra y  d iffrac to g ram s o f g ra d 
u a lly  h ea ted  a lu m in ite  sam ples.

T ak o v ite  — (2A120 3 • 5NiO • 9 H 20 )  • 6 H 20  — has been  d e te c te d  in  
b a u x ite s  from  th e  S o u th  of F rance a n d  fro m  G reece in  form  o f  n e s ts  a n d  
c ru s ts . On th e  D T G  c u rv e  endotherm ic p e a k s  a p p e a r  a t 288 an d  292 °C (F ig . 5). 
T h e  in tensive  e n d o th e rm ic  peak  at 550 °C is  c a u se d  b y  accom pany ing  b o e h m ite .

Fig. 5. Y ellow ish ta k o v ite  nests in red b a u x ite , accom panied by boehm ite (France)
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3. P rob lem s of q u an tita tiv e  de te rm in a tio n  of m in era ls

T h e  w ay  of th e  q u a n tita tiv e  e v a lu a tio n  o f d iffrac to g ram s a n d  d e riv a to -  
g ram s w ill n o t  he g iven  here, since i t  can  be  found  in  papers c ited  in  th e  in tro 
d u c tio n . T h e  com parison  of th e  p e rfo rm an ce  o f  th e  tw o m eth o d s w ill be given 
in  d e ta il.

T h e  m in era l com position  of th e  b a u x ite  sam ples o f th e  R esea rch  I n s t i tu te  
fo r M eta l I n d u s try  w as d e te rm ined  in d e p e n d e n tly  b y  an  X -ra y  d iffra c to m e te r  
an d  a d e r iv a to g ra p h . T he resu lts  d iffe red  b y  0 — 3% . B ased on th is  experience 
th e  re su lts  o b ta in e d  b y  th e  a u th o r  w ith  40 sam ples b y  th e  tw o m e th o d s  d iffered 
b y  0 .5 % . B y  co n v e rtin g  t i e  m inera l co m p o sitio n  o b ta in ed  by  th e  tw o  m eth o d s 
to  chem ica l com position , good ag reem en t w as found  w ith  th e  re su lts  o f  chem 
ical an a ly sis . T he on ly  sy s tem a tic  e rro r  w as th a t  th e  w a te r  c o n te n t was 
fo u n d  b y  0.2 2 .2 %  h igher b y  th e  g iv en  tw o m ethods th a n  b y  chem ical
analysis .

A cco rd in g  to  m easu rem en ts th is  excess w a te r is s tro n g ly  ad so rb ed  
(ch em iad so rh ed ) w a te r  w hich leaves th e  sam ple  betw een  100 a n d  400 °C. 
T h is in it ia l  g ra d u a l w a te r  release is in d ic a te d  on  th e  TG  curves in  th e  d e riv a to - 
g ram s o f even  th o se  sam ples w hich  do n o t co n ta in  m inerals from  w h ich  w a te r  
leaves a t  th is  te m p e ra tu re . T his s ta te m e n t is su p p o rted  by  th e  fa c t t h a t  g re a te r  
w a te r  excess w as found  in  th e  case o f  loose, porous b au x ite s  th a n  o f h a rd , 
solid ones. F u r th e rm o re , th e  — H 20  c o n te n t o f  sam ples w ith  h igher w a te r  excess 
is h ig h er in  th e  a ir -d ry  form , th a n  th a t  o f  sam ples w ith  sm all w a te r  excess. 
T h is p h en o m en o n  w as m ost s trik in g  w ith  th e  sam ples of la té r ite  fro m  G uinea, 
w here  an  av e rag e  o f 2 %  ad so rp tio n  w a te r  excess was found  in  th e  loose, 
la te ritic - iro n  o re , w hile in th e  h a rd , solid iron  ore (“ cu irasse” ) ab o v e  th e  fo rm er 
o n ly  0 .7 % . T h e ir  m inera l com position  w as p ra c tic a lly  th e  sam e.

A cco rd in g  lo th e  m easu rem en ts  o f th e  a u th o r  th e  a m o u n t o f  ad so rb ed  
w a te r  w h ich  leaves above 100 °C d ep en d s also on th e  m inera l co m p o sitio n . 
A dso rbed  w a te r  is m o stly  b o und  by  iron  m inera ls: goe th ite , h e m a ti te  and 
m a g n e tite . T h u s  e.g. th e  adsorbed  w a te r  w hich  leaves above 100 °C am o u n ts  
to  0 .9 %  in th e  red  b a u x ite  m ined in  th e  G h iona m o u n ta in s  in G reece, w hich 
co n ta in s  20 30 %  h e m a tite  and  g o e th ite , w hile  it is only 0 .2 %  in  th e  ligh t
grey  sp o ts  in th is  red  b au x ite , w hich  c o n ta in s  l i ttle  iron  (Fe20 3 1% ).

B y  rem o v in g  iron m inerals e.g. b y  d isso lv ing  in hyd ro ch lo ric  acid  th e  
a m o u n t of ad so rb ed  w a te r  leav ing  above  100 °C m ay  he re m a rk a b ly  red u ced . 
E.g.  in  th e  red  b a u x ite  m ined a t D is to m o n  w hich co n ta in ed  2 8 %  h e m a tite  
1%  ad so rb ed  w a te r  w as p resen t. M ost o f  th e  h e m a tite  was e x tra c te d  b y  w arm  
10%  h y d ro ch lo ric  acid . T he d e riv a to g ram  ta k e n  a fte r  th e  tr e a tm e n t  show ed 
on ly  0 .4 %  ad so rb ed  w a te r (Fig. 6).

M anganese h y drox ides adso rb  even  m ore  w a te r owing to  th e ir  h igher 
degree o f d isp e rs io n : for in stan ce  in lith io p h o r ite  rich  nests 1.5 — 2 .2 % .

Ida Chim. Acad. Sei. flunfg. 63. 1670



276 BÁRDOSSY: QUANTITATIVE PHASE ANALYSIS OF BAUXITES

T h e  a m o u n t o f  w a te r  rem a in in g  ad so rb ed  ab o v e  100 °C c an n o t be d e te r 
m in ed  b y  an  X -ra y  d iffra c to m e te r  alone, since, ow ing  to  th e  n a tu re  o f  th e  
m e th o d , th e  sum  o f th e  c ry s ta llin e  phases is c a lc u la te d  as 100% . If , in  a second  
s tep  th e  n o n -c ry s ta llin e  fra c tio n  is also d e te rm in e d  b y  ad d itio n  m e th o d , th e n  
th e  n o n -c ry s ta llin e  f ra c tio n  ap p ears  to  be  g re a te r  b y  th e  am o u n t o f  th is  
w a te r .

Fig. 6. E ffect o f acid treatm ent on the am ount o f w ater rem aining adsorbed above 100 °C. 
A. R u sty  brown boehm ite-hem atite bauxite from D istom on  (Greece); B. The sam e sam ple  

after boiling w ith  10% HC1. H em atite  w as dissolved

W h en  b o th  d iffra c to m e te r  an d  d e r iv a to g ra p li are  used, th e  following- 
seq u en ce  o f o p e ra tio n s  can  be suggested : F ir s t  th e  q u a n tita tiv e  c ry s ta llin e  
co m p o sitio n  o f th e  sam p le  is d e te rm in ed  b y  a d iffrac to m e te r . T hen  th e  c h em 
ica l co m p o sitio n  co rresp o n d in g  to  th e  m in era ls  is ca lcu la ted . T he a m o u n ts  
o f  H 20 ,  S 0 3 an d  C 0 2 a re  co m p ared  to  th o se  show n  b y  th e  TG  cu rve  in  th e  
d e r iv a to g ra m . T he w a te r  g iven  b y  th e  in it ia l  sec tio n  (100— 400 °C) o f th e  T G  
cu rv e  is th e  ad so rb ed  w a te r . I f  th e  ca lcu la tio n s w ere  m ade on th e  basis o f  th e  
d e r iv a to g ra m  on ly , th e n  th is  w a te r  w ould  in c rea se  th e  am o u n t of m in era ls  
w hich  h a v e  a w eig h t loss in  th e  in itia l sec tio n  (e.g. g ibbsite , g o e th ite  e tc .) .

T h e  organ ic  m a te r ia l  in  b a u x ite , as a lre a d y  m en tio n ed , can  on ly  be d e te r 
m in e d  b y  th e  d e riv a to g ra p h . T he resu lts  o b ta in e d  d iffrac to m etrica lly  h a v e  
to  b e  co rrec ted  b y  th is  va lu e . T he organic m a te r ia l  is generally  below  0 .1 %  in  
red , ye llow  an d  b ro w n  b a u x ite  ty p e s , w hile i t  c an  reach  1 — 2%  in  som e green 
and  g re y  b au x ite s .

T h e  jo in t  ap p lic a tio n  o f th e  tw o m e th o d s  h as  special im p o rtan ce  w hen 
th e  sam p les  from  a new  dep o sit h av e  to  be  an a ly zed . T he m ineralogical e rro r , 
w h ich  in fluences th e  X -ra y  d iffrac to m etric  c o n s ta n ts , m ay  change th e  re su lts
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b y  5 -2 0 % . T he e lim ina tion  of th is  e rro r  is r a th e r  d ifficu lt, since p u re  s ta n d a rd  
sam p les  from  th e  given deposit a re  n ecessary , or if  these  a re  n o t av a ilab le , 
th e  co n stan ts  h a v e  to  be m od ified  on th e  basis o f a g rea t n u m b e r  (20 50)
o f analyses.

In  such cases d e riv a to g ram s a re  o f  g rea t help  since acco rd in g  to  ex p e
rience  th e  chem ical com position  a n d  th e  s tru c tu ra l  w a te r c o n te n t o f  th e  m ine
ra ls  is less v a r ia b le  th a n  th e  X - ra y  c o n s ta n ts . T he TG  cu rves can  be used 

to g e th e r  w ith  th e  resu lts o f  chem ical analysis  for c o rre c tin g  X -ray  
c o n s ta n ts .

4. Further possibilities o f  application

The com plex  m ethod  of q u a n t i ta t iv e  p h ase  analysis described  in  the  
p a p e r  can be ap p lied  to  o th e r s e d im e n ta ry  an d  py roc lastic  ro ck s. A sim ilar 
co m p lex  m e th o d  app licab le  to  th e  in v e s tig a tio n  of clay  rocks w as p u b lish ed  
b y  B á l i n t  (1964). I t  has to  he p o in te d  o u t th a t  ju s t  in th e  case o f  c lay  rocks 
in th e  presence o f  various clay m in e ra ls  th e re  m ay  be so m a n y  o v erlap p in g s 
on  th e  d e riv a to g ram s and  on th e  d iffra c to g ram s th a t  reliab le re su lts  c an  only  
be o b ta in ed  b y  th o ro u g h ly  co m p arin g  th em  an d  also using th e  d a ta  o f ch em 
ical analysis.

*
D erivatogram s were taken by P a u l i k  P a u l ik  E r d e y  MOM derivatographs w ith  

0 .1 — 1.0 g sam ples, a t heating rates o f  10°C/m in and ll°C /m in . The derivatogram s o f the  
62 sam ples from the R esearch Institute o f  M etal Industry  were recorded by the derivatograph  
working in this in stitu te , while those of the further 40 sam ples by the equipm ent o f the In stitu te  
for M ineralogy and G eochem istry of the L. E ö tv ö s U n iversity , Budapest. The author wishes 
to express his thanks to  Mr. F e h é r  for preparing the derivatogram s.

R E F E R E N C E S
1. B á l i n t , P.: É p ítőan yag . (In H ungarian.) 449, 1964
2. B á r d o s s y ,  G y . :  K ohászati Lapok 9 9 ,  355 (1966)
3. B e z j a k ,  A., F r i s - G a c e s a ,  F., U z e l a c ,  V ., A r a p o v i c . I.: Groatica Chiinica A cta 34, 51

(1962)
4. B l a c k ,  R. H.: A nalytical Chemistry 25 , 743 (1953)
5. B r i n d l e y ,  G. W ., S u t t o n ,  W. H.: E conom ic G eology 52, 391 (1957)
6. E r d e y ,  L., P a u l i k ,  F.: Acta Chim. A cad. Sei. H ung. 21, 205 (1955)
7. E r d e y ,  L., P a u l i k ,  F ., P a u l i k , J.: MTA K ém . Tud. Oszt. Közi. 7, 55 (1955)
8. F i e d l e r , G., S t e i n i k e , K.: Ber. d. Ges. geol. W iss. B12, 187 (1967)
9. G i n s b e r g ,  H ., W e f e r s ,  K.: Erzm etalle 10, 499 (1957)

10. G u t k i n ,  E. Sz., S z k r i p k o ,  M. L.: Sovetsk aa  G eologya 133 (1957)
11. K o t s i s ,  T.: F É M K U T  K özleményei 7 (1962)
12. K o t s i s , T.: Géologie 159 (1964)
13. L a n g i e r - K u z n i a r o w a ,  A.: Term ogratny inineralow ilastych. W arszawa, 1967
14. M e n c z e l ,  G y . :  M agy. Kém. Folyóirat 64, 143 (1958)
15. N á r a y -Szabó, I., P é t e r , T .: Földtani K özlöny  9 4 ,  444 (1964)
16. P a u l i k ,  F., G á l ,  S., F í r d e y ,  L.: A nal. Chim. A cta 29, 381 (1963)
17. P a u l i k ,  F., L i p t a y ,  G., Gál, S.: T a lan ta  10, 551 (1963)
18. R o i i n e r ,  F.: Chimia 12, 287 (1958)
19. T e r t i a n ,  R., H o u s s e m a i n e ,  R., L e g r a n d ,  Си ., T e r t i a n , R.: Bull. Soc. chim . France

423 (1953)
20. Tertian, R., H o u s s e m a i n e , R.: Chimie A nalytique 182 (1954)
21. Ü v e g e s ,  J., M á r i á s s y í  M.: Acta T echn. A cad. Sei. H ung. 16, 381 (1959)

G y ö rg y  B á r d o s s y ; B u d ap est V II I . ,  M úzeum  k r t .  4/a

■lein Chim. Acad. Sei. Hung. 63, 1970,





Acta Chimica Academiae Scientiarum Hungaricae, Tomus 63 (3 ) , pp . 279— 291 (1970)

ELECTRON-MICROSCOPICAL INVESTIGATION 
OF THE OXIDE LAYER FORMED ON THE SURFACE 

OF CHEMICALLY TREATED GERMANIUM SINGLE
CRYSTALS

E F FE C T  OF SOME CO RROSIVE A G E N T S ON T H E  M ORPH O LOG Y  
OF T H E  SU R F A C E  O X ID E  LAYER

J .  G i b e r , *  L. E . C z á r á n , * *  and M. W e g n e r *

( *United Incandescent L a m p  and Electrical ( T U  N G SR A  M  )
Co. Ltd. Semiconductor Development Department and  

**Central Research Institu te  fo r  Chemistry 
o f  the Hungarian A cadem y o f  Sciences, Budapest)

R eceived J u ly  24, 1968

In revised form Septem ber 24. 1969

The effect o f various etchants (th a t contain nitric acid, or hydrogen peroxide 
as an ox idan t) has been investigated b y  electron m icroscopy in a stu d y  o f m orpholog
ical and structural features o f oxide layers formed on the surface o f  germ anium  
single crystals.

W ith  etching agents CPI, CP4A, and H20 2 containing K O H , a continuous, 
hom ogeneous, sm ooth oxide layer can be produced by prolonged treatm ent.

In  the tem perature range from  25° to  50°C, nitric acid, and corrosive m ixtures 
which contain  nitric acid, produce oxide grains o f hexagonal structure.

W hen hydrogen peroxide does n ot contain  any alkali com pound, a t room tem 
perature and at 110°C the hexagonal ox id e  is produced by it.

After treatm ent with hydrogen peroxide at 110°C containing potassium  hydro
xide or lith ium  carbonate, in the form  o f grains not joined together, respectively  in 
the form  o f structures grown on to the foundation  oxide layer, the presence o f the tetra
gonal oxide can be observed.

The form ation of the tetragonal m odification  has been found to be due to the 
presence o f a basic alkali com pound and to high temperature.

I t  is g en era lly  know n th a t  in  th e  tech n o lo g ica l p rac tice  o f  sem ico n d u c to r 
in s tru m e n ts  b ased  on germ an ium , th e  chem ical corrosive ag en ts  p ro d u ce  an 
oxide lay e r on th e  surface of germ an iu m  single cry sta ls , besides e tc h in g  th is  
su rface  in  a c h a ra c te r is tic  w ay.

S tu d ies  o f  such germ anium  surfaces reveal [9] th a t  su rfaces  re su ltin g  
from  tre a tm e n t w ith  various e tc h a n ts  e x h ib it  various p hysica l, an d  phy sico 
chem ical p ecu lia ritie s . O f th is  one p re su m ab le  cause is th e  fo rm a tio n  ot 
v a rio u s ty p e s  o r m od ifica tions o f th e  g e rm an iu m  oxides a cco rd in g  to  th e  
tre a tm e n t ap p lied , th e  various m o d ifica tio n s  hav in g  d iverse p ro p e rtie s . T hus 
an  a t te m p t  a t  th e  e lu c ida tion  o f th e  s tru c tu re ,  o f c ry s ta llo g rap h ica l an d  m o r
phological fe a tu re s  w ith in  th is  s tru c tu re , is su ffic ien tly  well m o tiv a te d .

P ra c tic a l s ign ificance is added  b y  th e  fac t th a t  chem ical t r e a tm e n t  of 
sem iconducto rs is u n av o id ab le  since th e  rem o v al of th e  lay e r s h a tte re d  d u rin g
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m ech an ical sh ap in g , as well as th e  fo rm atio n  o f  su rfaces  covered w ith  oxides 
less se n s itiv e  to  e x te rn a l in flu en ce , c an n o t be c a rr ie d  o u t otherw ise.

C o m p a ra tiv e ly  l i t t le  a t te n tio n  has been p a id  to  th e  m orphology  o f ox ide  
layers fo rm e d  on  th e  surfaces o f  g erm an ium  sing le  c ry s ta ls : au th o rs  seem  to  
have b e e n  in te re s te d  ra th e r  m ore  in  th e  in v e s tig a tio n  o f  so-called e tch  figu res 
and  in  th e  p ro d u c tio n  o f sm o o th  surfaces. S till few er in  n u m b er are  th o se  w ho 
tack led  th i s  q u es tio n  w ith  d irec t m eth o d s like e lec tronm icroscopy , e lec tron - 
d iffra c tio n , o r  X -ra y  d iffrac tio n  [1, 2, 3, 4, 5].

B e r l a g a  et al. [2] w ere th e  f i r s t  to  s tu d y  b y  m ean s  o f e lec tronm icroscopy  
th e  c ry s ta l  s tru c tu re  o f ox ide lay e rs  p ro d u ced  on th e  surface of g erm an ium  
single c ry s ta ls  b y  chem ical t r e a tm e n t  (e tch ing , a n d  th e rm a l o x id a tio n , re sp e c 
tiv e ly ). T h e se  au th o rs  found  t h a t  hexagonal fo rm s o f  c ry sta ls  ap p ea r on  th e  
surface t r e a te d  w ith  c o n c e n tra ted  n itr ic  acid  a n d  supposed  th ese  to  be due 
to  th e  fo rm a tio n  of G eO ^ex) p a rtic le s . These a u th o rs  w ere th e  f irs t  to  h av e  
p re p a re d  b y  th e rm a l o x id a tio n  th e  c ry sta llin e  h ex a g o n a l oxide, and  to  h av e  
id e n tif ie d  i t  b y  m eans o f e lec tronm icroscopy  [5].

E v e n  re c e n t co m m u n ica tio n s in  th e  l i te ra tu re  [3, 4] adhere to  a m o rp h o 
logical s tu d y  o f oxide lay ers  p rep a red  b y  t r e a tm e n t  w ith  pu re  n itr ic  ac id , 
and  d e sc r ib e  th e  rep ro d u c tio n  b y  various ro u te s  o f  th e  resu lts  co m m u n ica ted  
by  B e r l a g a , a n d  th e  fin d in g  w h ich  su p p o rt h is d ed u c tio n s.

S ta r t in g  w ith  th e  id ea  th a t ,  a p a r t  from  c o n c e n tra te d  n itr ic  acid , v a rio u s  
o th e r c o rro s iv e  ag en ts , or m ix tu re s  of th ese , m a y  be  im p o r ta n t an d  seeing 
th a t  no  d a ta  are  av a ilab le  in  th e  l i te ra tu re  co n ce rn in g  oxide surface lay e rs  
p re p a re d  w ith  th e ir  use, we dec id ed  to  s tu d y , b y  m ean s o f e lec tronm icroscopy , 
th e  m o rp h o lo g y  o f g erm an iu m  oxide su rface la y e rs  p rep ared  w ith  v a rio u s  
e tc h a n ts  o r  w ith  m ix tu re s  of th e se . O ur aim  w as to  o b ta in  d a ta  concern ing  
g ra in  sizes a n d  c ry s ta l fo rm s in  th ese  layers.

E xperim en ta l

A n E L M I-D 2 type Zeiss electronm icroscope was used. Acceleration potentia l was 
50 kV a t 5 .1 0 ~ s torr.

S in ce  our in terest was centered upon the m orphology o f surface layers, only the replica  
m ethods generally  used in studies o f surfaces were applied  for the preparation of specim en. 
G enerally th e  so-called single-stage replica was used since th e  resolution thus obtainable (25 to 
50 Â ) is b e tter  by one order of m agnitude than the tw o-stage replica which reproduces surfaces 
by the in terp o sitio n  of a p lastic film . This was resorted to  on ly  when the single-stage replica  
could n o t be separated from  the original surface.

T he carbon single-stage replica w ith  palladium  shadow ing was prepared in the usual way: 
a pallad ium  layer was applied (evaporated at an angle o f 40°) to give sharply contrasting shad
ows and th is  w as covered vertically  w ith a su itab ly th ick  layer of spectroscopically pure car
bon m ade in  a H BA -2 typ e  Zeiss evaporator. A hydrogen fluoride solution of 20 per cent 
concen tration  was used for flo tation . When specim en p lates were immersed obliquely into  
this so lu tion , the replica becam e easily  detached and drifted  on to the liquid surface. After  
several w ash ings in distilled water this film  was transferred upon the object grid to be 
view ed in transm itted  light.
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The tw o-stage replica was prepared according to the standard tech n iq u e [10], with 
a drop o f a 5 per cent solution o f collodion in am yl acetate. The dry and detached plastic 
film  shadowed and covered w ith carbon as before was removed by d issolv ing in amylace- 
ta te  and the' residual carbon film  was used for view ing.

Comparison, according to surface typ es, o f the results collected b y  the application of 
these tw o techniques showed th a t, excep t in resolv ing power, no deviation  ex ists between the 
two sets.

For the preparation of hexagonal, respectively  o f tetragonal* pow ders, these methods 
were unsuitable.

To establish the m orphology o f the hexagonal powder, this was suspended in carbon 
tetrachloride and the suspension was allow ed to sedim ent upon the surface o f a sodium  chloride 
crystal. A fter evaporation of the so lvent, shadow ing w ith palladium fo llow ed , this surface 
was covered w ith carbon and the resulting f ilm  was collected on the surface o f disstilled  
water. The so-called packing replica, formed after G c0 2 dissolved (the hexagonal m odification  
is soluble in water) was placed into the electronm icroscope for exam ination . This technique  
was not applicable in the case o f the tetragonal m odification since its so lu b ility  in water is 
rather poor. Thus this substance w as m ade to settle  from its suspension in carbon tetrachloride 
directly  upon the object grid previously provided w ith  a zapon-lacquer supporting film . Thus 
in the electron m icroscope, and on the photographic pictures, the shadow im age of the parti
cles is seen, respectively recorded.

For the studies germ anium  single crystal plates (D — 5000 +  3 000 /cm 2 dislocation  
d ensity , N -typ e (1 .1 .1 .) orientation, 1.5 to 2 ohm .cm ) were used which w ere ground, after 
cutting , on both sides w ith an aqueous suspension o f a 10-//m silicium  carbide powder and 
then , w ith  the exception  to be m entioned later on , were polished w ith an aqueous suspension 
of a 0.3 to 0.6 //m  alum ina powder rem oving a th ickness of 30 f i m  on both  sides. A fter cleaning 
(rem oval o f  fa tty  substances) w ith  carbon tetrachloride the chemical trea tm en t chosen fol
lowed, the duration of which varied according to the character of the experim en t, and was 
alw ays long enough to rem ove the m echanically  shattered layer. This w as carefully  checked 
by X -ray  diffraction. (W ith this technique o f grinding and polishing, our experim en ts suggest 
that it  is enough to rem ove 50 //m  per side from surfaces only ground, and 20 / ш  from surfaces 
polished as well.)

Etching with concentrated (67 per  cent) nitric acid

This treatm ent was carried out at 25 °C, or 50 °C.

Etching with a C PI-type  etchant

This treatm ent, while vigorous stirring was m aintained, consisted in subm ersion at 
25 °C in a m ixture of 67 per cent nitric acid (125 m l), 40 per cent hydrogen fluoride (75 ml), 
glacial acetic acid (75 ml) and iodine (330 mg).

Etching with an alkaline hydrogen peroxide solution

The m ixture contained 30 per cent hydrogen peroxide (250 m l), and 25 per cent 
potassium  hydroxide (2 ml). The etch ing was m aintained at 110 °C, w ith v igorous stirring, 
f t  should be noted that this fluid etches slower by a factor of about ten than  the former one.

Etching with C P 4A -type  etchant

The m ixture contained 67 per cent nitric acid (100 ml), 40 per cen t hydrogen fluo
ride (60 m l), and glacial acetic acid (80 m l). Tem perature 25 °C; vigorous stirring.

After chem ical treatm ent the etch ing liquid was removed from the sam ples. As a rule, 
care was taken to preserve the oxide structure produced by etching therefore the surfaces 
were rinsed w ith som e water (since G e02(hex) or ^ e^ 2(amorph) among the ox id es are soluble 
L water, and since water in contact w ith a germ anium  surface can produce oxides on the

* The hexagonal powder was spectrom etrically  pure GeO._, produced by H oboken. The 
tetragonal variant was prepared in the R esearch In stitu te  for Technical P hysics, by  hydro- 
therm al conversion.
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sem iconductor w hich were not characterized by the e tch an t used) or with carbon te tra 
chloride. T he sam ples were dried at room  tem perature in vacu u m  and stored in dust-free dry 
air. The fa c t th a t  som e ionic contam ination m ay have persisted  on the surface did interfere 
the electron m icroscopic study  o f m orphology less than a thorough washing would have done 
by changing th e  prepared surfaces.

O f course, the so-called standard surfaces needed in  other te s ts  (adsorption of ions, gas, 
or vapour) w ere w ashed carefully in a stream  of de-ionized w ater. In  such cases the character
istics o f th e  sta te  o f surface after w ashing were studied.

The resu lts presented in th is paper were found to be reproducible for surfaces prepared  
in 10 to 15 separate parallel experim ents, and, as w itnessed by th e  photographs of the several 
types o f  surfaces alw ays recorded from various areas o f one surface, are characteristic o f thai 
particular surface.

R esu lts  and  discussion

F ir s t ,  o n ly  th e  su rfaces m echan ically  w orked  w ere  stud ied . A g ro u n d  
surface (F ig . 1) is show n to  be rough , b roken  u p ; acco rd in g  to  its  e lec tron  
m icroscopic  p ic tu re  o f th e  sam e m ag n ifica tio n , a p o lish ed  surface (F ig . 2) is 
sm ooth . O n th e  po lished  su rface  tra c k s  of th e  p o lish in g  grains can be seen.

Fig. 1. Ground surface. Direct m agnification , X 6000

In  th e  s tu d y  o f th e  effect o f co n cen tra ted  n i t r ic  ac id , the  surface o x ide  
s tru c tu re  p ro d u c e d  b y  B e r l a g a  [2], and  by  V a l y o c s i k  [4], a t  room  te m p e r 
a tu re  b y  e tc h in g  w ith  c o n c e n tra te d  n itric  ac id  co u ld  be rep roduced  h ere  
b y  e tc h in g  w ith  th e  sam e acid  a t  50 °C for 5 m in u te s : on  th e  surface of g e rm a 
n iu m , w ell deve loped  c ry s ta l nucle i w ith  clearly  d ev e lo p ed  hexagonal sy m m e try  
are to  be  seen  (F ig . 3). As th e  re su lt o f e tch ing  a t  25 °C fo r 71 hours, a th ic k , 
la m in a te d  o x ide  lay e r is fo rm ed . T h is can be s tu d ie d  b y  m eans of X -ra y  
d iffrac tio n , w h ich  reveals  t h a t  th e  layer consists o f  GeO,(hex). The e lec tro n  
m icroscope p h o to g ra p h s  c o n ta in in g  only angles o f 60° an d  120°, re sp ec tiv e ly , 
in d ica te  a possib le  h ex ag o n a l sy m m e try  (Fig. 4).
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In  th e  course o f e tch in g  w ith  a C P I m ix tu re , th e  ox ide lay er is th e  re su lt 
o f tw o processes since n itr ic  acid ac ts  as an  o x id a n t an d  hydrogen  f lu o rid e  
as a so lv en t for th e  ox ide. In  view  o f th e  fa c t th a t  also in  th is  m ix tu re  n itr ic  
acid is th e  ox id izing  a g en t it  seem s reaso n ab le  to  ex p ec t th a t  here  to o  hexa-

Fig. 2.  Polished surface. Direct m agnification , X 6000

Fig. 3. Surface treated w ith  concentrated nitric acid, at 50 °C, for 5 m inutes. D irect m agni
fication, X 2000

gonal s tru c tu re  will he ch a ra c te ris tic  o f th e  ox ide  p roduced . T h is v iew  is 
su p p o rte d  b y  th e  e lec tro n  m icroscope p h o to g ra p h s . E x p o sed  to  th e  e tch in g  
a g en t fo r one m in u te , th e  sam ple co n ta in ed  su rface  areas w here d is tin c tly  
se p a ra te d  c ry s ta l g ra in s  were form ed w ith  (F ig . 5) hexagonal sy m m e try . 
T h a t in  an  o th erw ise  co n tin u o u s ox ide  lay e r th e  fo rm atio n  o f such n ucle i is 
a consequence o f  th e  inhom ogeneous te m p e ra tu re  d is tr ib u tio n  due  to  exo-
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th e r m a l  reac tio n s because  te m p e ra tu re  coeffic ien ts  of th e  o x id a tio n  reac tio n s 
on  th e  one  h an d , an d  th a t  o f th e  d isso lu tio n  o f th e  oxide on th e  o th e r , d iffer, 
seem s to  be a te n a b le  h y p o th es is .

W h e n  e tch ing  w ith  C P I is allow ed to  p roceed  fo r a longer tim e , a con
t in u o u s  a n d  hom ogeneous sm o o th  oxide la y e r  is form ed (cf. F ig . 6). S ince th e

Fig. 4.  Surface treated w ith  concentrated nitric acid, at 25 °C, for 71 hours. D irect m agni
fication . X 6000

Fig. 5.  Surface treated w ith  the etch ing m ixture CPI, for 1 m inute. D irect m agnification ,
X 12 000

C P I m ix tu re  con ta in s h y d ro g en  f lu o rid e , w h ich  la t te r  is a so lven t for th e  ox ides, 
no g ra in s  w ith  d im ensions co m p arab le  to  th o se  show n in F ig . 3 cou ld  be 
e x p e c te d .

T h e  m orphology  of th e  hex ag o n al o x ide  p rep a red  on th e  su rface  was 
c o m p a re d  w ith  th a t  o f pow dered  g e rm an iu m  ox ide. U sing th e  p ack in g  m eth o d
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d esc rib ed  before, e lec tro n  m icroscopic p h o to g ra p h s  of th e  pow der w ere  m ad e  
(F ig . 7). G erm anium  ox ide  ob ta in ed  b y  e tc h in g  an d  p rec ip ita ted , in  th e  course  
of alcoho lic  w ash ing , up o n  th e  su rface  show s an  elec tron  m icroscopic  p ic tu re  
(F ig . 8) th a t  closely resem bles Fig. 7. N o h ex ag o n a l sy m m etry  is reco g n izab le  
in  th e se  p h o to g rap h s  — though  b y  X - ra y  d iffrac tio n  th e  hex ag o n al s t ru c tu re  
o f  th e  pow dered  su b stan ce  was e s ta b lish e d .

Fig. 6. Surface treated w ith  the etching m ixtu re  CPI, continuous oxide layer. D irect m agni
fica tion , X 32 000

Fig.  7. Packing replica o f commercial hexagonal germ anium  dioxide powder. D irect m agni
fica tio n , X 12 000

T h e  sh a tte re d  la y e r  having  b een  rem o v ed  w ith  C P I, a 5 -m in u te  e tc h in g  
a t  110 °C w ith  c o n cen tra ted  h y d ro g e n  p e ro x id e  produced  s e p a ra te  g ra in s 
v isib le  b y  elec tron  m icroscopy (F igs 9 a n d  10). T he pho to g rap h s show  s tru c 
tu re s  w ith  te tra g o n a l cry sta l sy m m e try , i.e. te tra g o n a l g e rm an iu m  d io x id e  
g ra in s , accord ing  to  o u r supposition . O n po lished  surfaces w ith o u t p re lim in a ry
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e tc h in g  w ith  C P I, g ra in s  w ith  te trag o n a l sy m m e try  were p roduced  b y  a lk a lin e  
h y d ro g e n  p e rox ide  w h en  app lied  for a lo n g e r t im e , grow n on to  th e  b as ic  
o x id e  layer. F ig . 11 is  p a r tic u la r ly  co n v in c in g : th e  p h o to g rap h  show s t h a t  
th e  c ry s ta l  g ra ins b e c a m e  d e tach ed  from  th e  su rface  an d  s tu ck  in  th e  rep lica . 
W h e n  rinsing  w ith  c a rb o n  te trach lo rid e , w h ic h  in s te a d  of w a te r w as a p p lied ,

Fig. 8.  Germanium diox ide  precipitated on to th e  surface. Direct m agnification, X 12 000

Fig. 9.  Surface treated w ith  hydrogen peroxide con ta in in g  potassium  hydroxide, at 110 °C; 
pre-etching w ith  CPI for 5 minutes. D irect m agnification, X 12 000

d ev e lo p ed  te tra g o n a l s tru c tu re s  could be fo u n d  (P ig . 12). An inhom ogeneous 
su rfa c e  covered w ith  coalesced  grains is show n  in  F ig . 13.

F o r  th e  id e n tif ic a t io n  of te tra g o n a l s tru c tu re s , p h o to g rap h s also of 
p o w d ered  g erm an iu m  ( te trag o n a l)  oxide w ere  ta k e n  (F ig. 14). T he m o rp h o lo g 
ica l s im ila rity  to  s tru c tu re s  on Fig. 9 are  w ell d iscern ib le .

W e w ish to  n o te  t h a t  s tru c tu res  id e n tif ie d  b y  m eans of e lec tro n  m i
c ro sco p y  do n o t ju s t i f y  a n y  conclusion co n c e rn in g  c ry s ta l s tru c tu re s  w ith in

Acta Chim. Acad. Sei. Hung. 63, 1970



G IB E R  et al.: ELECTRON-M ICROSCOPICAL INVESTIGATION 287

th e  e n tire  su rface  ox ide lay e r. N e ith e r can  th e  s im u ltaneous p resen ce  of 
v a rio u s c ry s ta llin e  an d  am orphous phases be excluded . E spec ia lly  p ro b ab le  
is th is  beside te tra g o n a l s tru c tu re s : here  to o  th e  oxide lay e r m a y  c o n ta in  
hex ag o n al fo rm s in  su b s ta n tia l am o u n ts . In  th e se  de ta ils  th e  questio n  m a y  be 
s tu d ied  b y  m ean s o f slow electron d iffrac tio n .

Fig. 10. Polished surface, treated w ith hydrogen peroxide containing potassium  hydroxide, 
a t 110 °C for 15 m inutes. D irect m agnification, X 32 000

Fig. 11. Polished surface, treated w ith hydrogen peroxide containing potassium  hydroxide  
at 110 °C for 15 m inutes. D irect m agnification , X 32 000

Since th e  l i te ra tu re  d a ta  suggest th a t  th e  conversion o f G e 0 2(hex) in to  
th e  te tra g o n a l m o d ifica tio n  is fac ilita ted *  b y  trace s  o f alkali co m p o u n d s in

* In case o f [6] the hexagonal d ioxide is converted  into the tetragonal form  w hen an 
aqueous solution o f  G e02p,ex) is evaporated in the presence o f traces o f sodium  hydroxide; 
in the case o f [7] th is conversion occurs when the surface layer of G e0 2(|,ex) is em bedded into  
germanium oxide pow der containing lith ium  carbonate, and heated.
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Fig. 12. P olished surface, treated w ith  hydrogen peroxide containing potassium  hydroxide, 
rinsed w ith  carbon tetrachloride. D irect m agnification, X 12 000

w a rm  a q u eo u s  so lu tions [6] as w ell as in  th e  so lid  surface phase  a t  860 °C [7], 
we su p p o se  th a t  also in  o u r ex p erim en ts  p o ta ss iu m  h y d rox ide  c o n te n ts  are  
re sp o n s ib le  fo r th e  ap p ea ran ce  o f te tra g o n a l s tru c tu re s  on th e  surface. I n  som e 
e x p e r im e n ts  we rep laced  p o tass iu m  h y d ro x id e  w ith  lith iu m  c a rb o n a te , i.e. 
t r e a te d  th e  su rface  w ith  a m ix tu re  of 250 m l c o n c e n tra ted  hydrogen  p e ro x id e  
a n d  2 m l o f  a 1 p e r cen t so lu tio n  of lith iu m  c a rb o n a te . As show n b y  th e  p h o to 
g ra p h  (F ig . 15), th e  c ry s ta l g ra in s w ith  te tra g o n a l  sy m m etry  a p p e a r  again . 
I n  o rd e r  to  check  w h e th e r fo r th e  p ro d u c tio n  o f  te tra g o n a l s tru c tu re s  trace s  
o f  a lk a li com pounds an d  h ig h  te m p e ra tu re  a re  needed , surfaces tr e a te d  w ith  
c o n c e n tra te d  h y d ro g en  p e ro x id e  (free from  a lk a li com pounds) w ere s tu d ie d . 
W ith in  a few  hours a t  110 °C a th ic k  ox ide  la y e r  fo rm ed  (Fig. 16) w h ich  could

Fig. 13. Grains joined together by growth, after trea tm en t w ith  hydrogen peroxide. Direct
m agnification, X 3000
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Fig. 14. Electron m icroscopic picture of tetragonal germ anium  dioxide powder. D irec t m agni
fica tio n , X 2000

be te s te d  b y  X -ra y  d iffraction . A cco rd in g  to  th e se  te s ts  th e  la y e r  w as com 
posed  o f h ex ag o n a l s tru c tu re s . A t ro o m  te m p e ra tu re , n e ith e r a so lu tio n  con
ta in e d  po tassiu m  h y d rox ide  n o r one  c o n ta in e d  lith iu m  c a rb o n a te  p ro d u ced  
a te tra g o n a l p h a se ; un d er th e se  c o n d itio n s  a n d  in  a few days a th ic k  ox ide 
la y e r  grew  (F ig . 17) th a t  was p ro v e n  b y  X -ra y  d iffrac tion  to  be o f  hex ag o n al 
c h a ra c te r .

T he so-called s ta n d a rd  su rfaces u sed  fo r o th e r  te s ts  w ere p re p a re d  b y  
d ire c tly  e tch in g  th e  polished su rface  w ith  C P I, CP4A, or a lk a lin e  h y d ro g en  
p e ro x id e  a t  te m p e ra tu re s  and  co m p o sitio n s m en tio n ed  (for 3 to  5 m in u te s  in 
th e  fo rm er case, a n d  for 30 m in u te s  in  th e  la t te r  case). Since h ere  th e  p e rfec t 
c leanness of th e  su rface  was im p o r ta n t ,  r in s in g  fo r 15 m inu tes in  a  s tre a m  o f

Fig. 15. Surface treated with hydrogen peroxide containing lithium  carbonate, a t  110 °C. 
for 15 m inutes. D irect m agnification, X6000
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Fig. 16. Surface treated w ith  pure concentrated hydrogen peroxide, at 110 °C, for 3 hours
D irect m agnification, X 12 000

d e-ion ized  w ater (c o n d u c tiv ity  w ater) was a p p lie d . Surfaces th u s  p rep a red  
w ith  C P I and  CP4A  w ere m orphologically  th e  sam e  as th a t  show n in  F ig . 6. 
T h e  “ s ta n d a rd  h y d ro g e n  p e ro x id e  surface”  (F ig . 18) is less even; w ith  m ed ium  
m ag n ifica tio n  e tch  fig u res  d u e  to  th e  d ifferences o f  th e  etch ing  ra te  on d iffe ren t 
p la te s  are  clearly  d isce rn ib le , and , accord ing  to  o th e r  te s ts , are covered  w ith  
a u n ifo rm  oxide lay e r. S ta n d a rd  surfaces do n o t ch an g e  th e ir  c h a ra c te r  w hen  
d u ra tio n  o f e tch ing  a n d  o f rinsing  is in creased .

F ro m  our e x p e rim e n ta l d a ta , to g e th e r w ith  th o se  in  th e  l i te ra tu re , we 
m ay  s ta te  th a t  e tc h a n ts  ap p lied  by  us a t low  te m p e ra tu re  produce h ex ag o n a l 
o x ide  lay ers . A t h ig h e r te m p e ra tu re s , in th e  p re sen ce  o f  basic alkali co m pounds 
a conversion  G e 0 2(hex) —► G e 0 2(tetr  ̂ or fo rm a tio n  o f  G e 0 2(tetr), is ob se rv ab le .

Fig. 17. Surface treated w ith  hydrogen peroxide conta in ing  lith ium  carbonate, a t 25 °C for 
71 hours. Direct m agnification , X  2000
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F ro m  th e  l i te ra tu re  [8] we also k now  th a t  below  1033 °C G e 0 2(hex) is 
less s ta b le  th e rm o d y n am ica lly  th a n  th e  te tra g o n a l m od ifica tion . W e supp o se  
th a t  c e r ta in  com pounds (perhaps o n ly  c e r ta in  ions in  them ) and  h ig h e r  te m 
p e ra tu re  fa c ilita te  th a t  th e  u n s ta b le  m o d ifica tio n  should  no t he “ fro zen  in ”  
an d  th u s  th e rm o d y n am ica lly  s tab le  te tra g o n a l germ an iu m  d iox ide  sh o u ld  be  
allow ed to  form . S upposed ly , th e  basic  a lk a li com pounds fa c ilita te  o c ta h e d ra l 
a rra n g e m en t and  th u s  lead  to  th e  fo rm a tio n  o f  te tra g o n a l g rains.

Fig. 18. E tching; w ith  h y d rogen  p erox ide  c o n ta in in g  p o tass iu m  h y d ro x id e, fo r 30 m in u te s  
rin sing  for 15 m in u te s . D irec t m ag n ifica tio n , X2000
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The interpretation of the data given in  th e  first part is extended. T he error in 
the calculated com position of the m ixtures is traced  back to the u n certa in ty  in the 
data used.

In  th e  f i r s t  p a r t  [1] o f th is  c o m m u n ic a tio n  th e  com position o f m ix tu re , 
m odelled  as an  A —A 2— В  te rn a ry  m ix tu re , o f  ace tic  acid and  ca rb o n  t e t r a 
chloride has been  de te rm in ed  from  d ie lec tric  p ro p e rtie s  (A  sym bolizes m o n o 
m eric acid , A 2 d im eric  acetic  ac id , an d  В  s ta n d s  fo r carbon te tra c h lo r id e ) . 
In  th is  p a r t  th e  a u th o r  con tinues th e  in te rp re ta t io n  o f th e  re su lts  re p o r te d  
in th e  f irs t  p a r t ,  a n d  exam ines how  fa r  th e  u n c e r ta in ty  in  the  d a ta  u sed  have  
led to  erro rs in  th e  ca lcu la ted  com positions o f  th e  m ix tu res.

1. Permanent dipole moment of dimeric acetic acid

In  th e  l i te ra tu re  tw o op in ions, c o n tra d ic tin g  each o ther, a re  to  be 
found a b o u t th e  associa tion  s tru c tu re s  fo rm ed  in  liq u id  acetic acid . A cco rd in g  
to  th e  one, ch a in -lik e  s tru c tu re s  a re  fo rm ed  [2, 3]. In  th e  v ap o u r p h a se , and  
in so lu tion  in  n o n -p o la r  so lvents, d im eric  r in g  s tru c tu re s  are judged  to  o c c u r [4]. 
In  th e  p re se n t w ork  th e  la t te r  m odel is a c c e p ted  to  s tu d y  m ix tu re  o f  ace tic  
acid w ith  a n o n -p o la r  substance . A cco rd ing ly , th e  nom inal b in a ry  m ix tu re  
of ace tic  ac id  a n d  carb o n  te tra c h lo rid e  w as t r e a te d  as a te rn a ry  m ix tu re  of 
A  — A 2— В  ty p e , a n d  th e  real co m position  w as considered  to  be th e  co m p o 
sition  o f th e  te rn a ry  m ix tu re  so defined .

F o r th e  d e te rm in a tio n  of th e  tru e  c o m p o sitio n  of th e  m ix tu re , th e  fol
lowing m olecu la r m odel w as used. C arbon  te tra c h lo r id e  was held to  be  a su b 
stance  com posed o f  spherica l m olecules w ith  av e ra g e  po larizab ility  a 3 a n d  zero 
p e rm an en t d ipo le . M olecules of m onom eric , a n d  o f d im eric, ace tic  ac id  we 
held — from  th e  p o in t o f view o f d ie lec tric  b e h a v io u r  — to  be p o in t d ipo les 
w ith in  an ellipso idal c av ity . To m onom eric  a c e tic  acid /tx p e rm a n e n t d ipo le
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and Xj average polarizability, to  dimeric acetic  acid fj,2 permanent d ipole and 
x2 average polarizability was attributed. The calculations followed th e  fu n d a
m ental w ork o f Schölte [5].

S e v e ra l accep tab le  ex p lan a tio n s  offer th em se lv es  for th e  view  t h a t  d im eric  
ace tic  a c id  m olecules a t  all possess a p e rm a n e n t dipole m o m en t. I f  th e se  
d im eric  m olecules a re  n o t of a cyclic s t ru c tu re  b u t  possess on ly  one h y d ro g en  
b o n d  th e n  th e  em ergence o f a p e rm a n e n t d ip o le  m o m en t is ev id en t. H o w ev er, 
th is  a r ra n g e m e n t does n o t f in d  fav o u r in  th e  l i te r a tu r e  th o u g h  in  l iq u id  fo rm ic 
acid  th e  p resen ce  o f chain -like  associa tion  s tru c tu re s  have been d e te c te d  [6]. 
A cco rd in g  to  H a r r is  a n d  A l d e r  [7], se lf-io n iza tio n  in  carboxylic  ac id s  p lay s  
an  im p o r ta n t  p a r t  in  th e  shap in g  o f th e ir  d ie le c tr ic  cha rac te r: se lf-io n iza tio n  
d esc rib ed  b y  th e  schem e

. O . . . H - О ^  y O -  H . .()

R  C C R R -C ©  ©  C R

\ о - н . . . о ^  \ o —H .. .O ^

m a y  be  resp o n sib le  for th e  gen era tio n  o f a p e rm a n e n t dipole in  d im eric  c a rb o 
xy lic  ac id s . A ccord ing  to  P i m e n t e l  an d  M c C l e l l a n  [4] th ere  is no  ev id en ce  
w h a te v e r  fo rth co m in g  in  fav o u r of th e  v iew  t h a t  cyclic d im ers in  th e  liq u id  
ph ase a re  p la n a r . I t  m ay  be supposed  th a t  d u e  to  s tro n g  m olecular in te ra c tio n s  
th e  p la n a r  s tru c tu re  becom es d is to rte d  a n d  th a t  th e  d is to rtio n  p ro d u c e s  a 
p e rm a n e n t d ipole m om en t. A m ong th e  possib le  exp lana tions h e re  b r ie f ly  
sk e tc h e d , th e  f irs t  is d iscard ed , i.e. th e  p resen ce  of chain-like a sso c ia tio n  
s tru c tu re s  because  also th e  li te ra tu re  seem s re lu c ta n t  to  ado p t i t .  T h e  e v o lu tio n  
o f a se lf-io n iza tio n  eq u ilib riu m  is den ied  in  th e  l i te ra tu re  on g rounds o f  in fra re d  
s tu d ie s  b ecau se  ex istence  o f such  ion -pa irs  c a n n o t be  d e tec ted  b y  th e  s p e c tra  [4]. 
T h u s  th e  m ost p ro b ab le  ex p lan a tio n  seem s to  rem a in  th e  one t h a t  asc rib es  
th e  p e rm a n e n t dipole m o m en t of d im eric  a c e tic  ac id  m olecules to  th e  d e fo r
m a tio n  p e rp e n d ic u la r  to  the p lane  of th e  r in g . T h is  exp lan a tio n  is su p p o r te d  
b y  th e  f a c t  th a t  h y d rogen  bo n d in g  w hich  h o ld s  th e se  associated  p a r ts  to g e th e r  
is s ig n if ic a n tly  w eaker th a n  th e  classic chem ica l b o n d  and  c o n seq u en tly  m uch  
m ore  m o b ile .

T h e  p re se n t s tu d ies  lead  to  th e  fo llow ing  resu lts . I f  in th e  c a lc u la tio n s  
/.i2 =  0 .00  D was used th e n  a low er degree o f  d im eriza tion  offered  fo r liq u id  
ace tic  a c id  th a n  th a t  d e te rm in ed  for th e  v a p o u r  p h ase  [8 ] and  th is  is , on  th e r 
m o d y n a m ic  g rounds, n o t lik e ly  to  be  th e  case. I f  th e  value d e te rm in e d  by  
P o h l , H o b b s  and  G r o ss  [9], was used viz. /t2 =  0.92 D, th e n  rea l v a lu e s  for 
p u re  l iq u id  acetic  acid are  o b ta in ab le , b u t  fo r th e  m ore d ilu ted  so lu tio n s  in  
ca rb o n  te tra c h lo r id e  n eg a tiv e  mole fra c tio n s  w ould  resu lt, th u s  f ig u re s  are  
o b ta in e d  w hich  lack  p h ysica l m eaning . T h e re fo re  i t  was concluded  t h a t  th e  
p e rm a n e n t dipole m o m en t o f d im eric  ace tic  ac id  is a function  o f  d ilu tio n .
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i t  is supposed  t h a t  th e  e x p lan a tio n  o f th is  is to  he found  th e re in  t h a t  in  co n 
c e n tra ted  so lu tio n s  m onom eric, an d  d im eric , ace tic  acid  m olecules in te ra c t  
so th a t  th e  fo rce  o f in te rac tio n s  suffices to  defo rm  dim eric acetic  ac id  in  a 
d irec tion  n o rm a l to  th e  p lane o f  th e  ring  an d  th u s  to  produce  a p e rm a n e n t 
d ipole in it. W ith  a decrease o f th e  co n c e n tra tio n  o f  ace tic  acid th is  in te ra c tio n  
groAvs w eaker, an d  a t  in fin ite  d ilu tio n  — like  in  th e  v ap o u r phase  — d im eric  
acetic  acid m olecules have no d ipole  m o m en t a t  all.

2. Errors in calculated compositions

In  th e  fo llow ing  a b rie f d iscussion is g iven  a b o u t th e  consequences o f 
th e  u n c e r ta in ty  o f  th e  q u a n titie s  used for th e  c a lcu la tin g  of tru e  com positio n s 
for th e  m ix tu re s .

T rue com p o sitio n s, co rresp o n d in g  to  th e  te rn a ry  m odel A  A 3— B,  
of th e  m ix tu re s  w ere ca lcu la ted  using  E q . [1].

e — 1 1 . . .  , ,  , .  , 36 erei
--------------- (M , ж, +  M, X., +  M3 x3) — -------
4.T N a о  1 7 e re 'i+ 7 re i +  7e-f5re 'i

ос. x,t x„ ) e
X, ------  ■ +  X,  +  * , -  —■---- [ + ^ i  (1)

1 — / l * l  l - / 2 * 2  1 ~ f >  « S  Í  Ж 1 « M l

Mi p qi 4_ x j  _ _ _  mI p  • qi 
3k T  (1 / „  •*„)■; ? e +  ( l  e ) A 2 3 k T  (1

w here e =  d ielectric  c o n s ta n t
N a =  A vogadro ’s n u m b er
x x, x2, x 3 — mole frac tio n s
M v  M 2, M 3 — m olecular w eights
a ,,  x2, *з =  average p o la rizab ilitie s
/tj, fi2 — p e rm a n e n t dipole m o m en ts
к B o ltzm an n ’s c o n s ta n t
T  =  abso lu te  te m p e ra tu re
Q =  density
re^ =  re frac tiv e  in d ex  e x tra p o la te d  to  in fin ite  w av e len g th

A =  abC- \ ----------------- —----------- —  (2)
2 J (« + a2)*(«+ 62)*(s+c2)*

о

w here a, b a n d  c s ta n d  for th e  half-axes o f  th e  ellipsoid th a t  g eo m etrica lly  
rep resen ts th e  space  of the  m olecules, a is th e  h a lf-ax is  in the  d irec tio n  o f  th e
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p e rm a n e n t  dipole m o m en t. A 1 an d  A 2, in  E q . (2) are  th e  fac to rs  re fe rr in g  to  
m o n o m e ric , and  d im eric  m olecules.

„ 3 ( e — n 2A
2 rr„ — 2 +

f = _ l _______________ 17e +  7"~  (3)
J  <*c 2 B , + 1 _  3(e —n j )  U

17e +  7 n i

/  m u s t  be ca lcu la ted  s e p a ra te ly  for th e  th re e  com ponen ts ( f x , f 2 a n d  f 3, in
E q . (1)).

_  _ 3 _  Л ( 1 - Л ) ( и * . - 1 )
Jp J \ (1 \ Лabc £ +  ( l  — £) A

fp  m u s t  be  ca lcu la ted  s e p a ra te ly  fo r m onom eric , and  for d im eric, a c e tic  acid 

( / hi a n d  /(., in Eq- (!))

_  _________ 3 6 en l____________ 2 e + l  ^

P  _  1 7 e i » l+ 7 n i+ 7 e  +  5raL ' 3e

, = - i — (6)
1 / v  { abc 2 n i  +  l  f

w h e re  a„ is th e  p o la r iz a b ility  o f th e  m olecule  in  th e  d irec tion  o f i ts  dipole 
(oê  fo r  m onom eric, a ^  fo r d im eric , ace tic  ac id ); g m u s t be ca lcu la ted  s e p a ra te ly  
fo r m onom eric , an d  fo r d im eric  acetic  acid  (дг a n d  q2 in  E q . (1)).

I n  w h a t follows, th e  e x a m in a tio n  of th e  e ffec t is given upon  th e  ca lcu la ted  
f ig u re s  o f  com position  o f  th e  u n c e r ta in ty  o f  th e  q u a n titie s  in  E q . (1).

a^ E ffec t  o f  the uncertainty  o f  the dielectric constant e

T h e  dielectric  c o n s ta n t  o f m ix tu res  w as m easu red  w ith  a T R -9701  ty p e  
b r id g e  allow ing ^ 2  p e r c e n t accu racy . I f  w e re g a rd  all th e  q u a n tit ie s , w ith  
th e  e x c e p tio n  of th e  d ie lec tric  c o n s tan t, to  be  a c c u ra te , th e n  th e  e rro r  zle in  
m e a su re d  figures, on th e  b as is  o f th e  fu n c tio n

X / = f [ x B(e),e]  (7)
m a y  cau se  th e  error

/]* ,.=  A e = \ d x ‘- - -  i 9* '-  Щ  (8)
' Эе xB \ de д х в )e de J

in  th e  t ru e  mole fra c tio n  v a lu e s  p e rta in in g  to  th e  given xg  com p o sitio n . T his 
v a lu e  is Axt =  ^ 0 .0 0 3  in  th e  en tire  ran g e  o f co n cen tra tio n s , acco rd in g  to  
E q . (1).
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b)  Effect o f  the uncertainty in the refractive index extrapolated to infinite  
wavelength , n m

F o r carbon  te tra c h lo r id e , since its  m olecules do n o t possess p e rm an en t 
d ipo le  m om en ts, th e  sq u a re  o f th e  re frac tiv e  in d ex  e x tra p o la te d  to  ligh t of 
in f in ite  w av e leng th  co rresp o n d s to  th e  d ielec tric  c o n s ta n t. T h u s th e  uncer
ta in ty  in  п2„ я is ^ 2  p e r  cen t. T h e  re frac tiv e  in d ex  e x tra p o la te d  to  lig h t of 
in f in ite  w av e len g th  we h av e  ca lcu la ted  from  d ispersion  d a ta  [1]. I t  is ex trem ely  
d iff ic u lt to  e s tim a te  th e  u n c e r ta in ty  in  d a ta  for reso n an ce  frequencies and 
force co n stan ts  ta k e n  from  th e  li te ra tu re , especially  i f  w e consider th a t  the  
la t te r  show  g rea t d ev ia tio n s  [10, 11, 12]. T herefo re  th e  u n c e r ta in ty  o f  figures 
fo r re frac tiv e  ind ices e x tra p o la te d  to  lig h t o f in f in ite  w av e len g th  in  pure 
liq u id  acetic  ac id  is e s tim a te d  as follows. I t  is su p p o sed  th a t  a re frac tiv e  
in d e x  w hich a p p e rta in s  to  a freq u en cy  ju s t  h ig h er th a n  re la x a tio n  frequency  
does d iffer b u t s lig h tly  from  a re frac tiv e  in d ex  re fe rred  to  lig h t o f in fin ite  
w av e len g th . I f  E q . (1) is w r it te n  fo r a frequency  above  re la x a tio n  frequency  
th e n , fo r pure  ace tic  ac id , we a rr iv e  a t  th e  co rre la tio n

—----— —— (M , x 1- \-M 2x 2) — — — ------ x x +  x 2 Х'г ! (9)
4 *Na Q 2n2+ l  1 - f lXl  1 - / 2«Л

w here

/  =  —  2” 2~ 2 (10)
abc 2n2-j-l

( f  m u s t be ca lcu la ted  se p a ra te ly  for m onom eric an d  d im eric  acetic  acid). 
In  th e  f irs t p a r t  o f  th is  co m m u n ica tio n , th e  v alue  a rr iv e d  a t  from  dispersion 
d a ta  is re^ac =  2.6991; E q . (9) leads to  th e  figure nac =  2.6500. T he deviation  
b e tw een  th e  tw o fig u res  is 2 p e r cen t. I f  we accep t, based  u p o n  th is , th a t  the  
e rro r in  th e  second pow er o f th e  re frac tiv e  in d ex  re fe rred  to  lig h t o f  in fin ite  
w av e len g th  is ^ 2  p e r c en t in  th e  whole range o f  c o n c e n tra tio n s , th e n  th is  
u n c e r ta in ty  causes an  e rro r  o f  Л x i =  ^ 0 .0 0 0 2  in  th e  re a l m ole fractions. 
S im ila rly  to  th e  c a lcu la tio n  o f  th e  e rro r caused b y  th e  u n c e r ta in ty  o f  dielectric  
c o n s ta n ts , th e  e rro r  ca lc u la ted  accord ing  to  th e  eq u a tio n

/ i * , = [ - f e - - ( - f e - l  * * . ]  ( i n
( dni, dxB n \  dn2„ J

H ow ever, we o u g h t to  m en tio n  th a t  due to  th e  a p p ro x im a tio n  m ade in  th e  
course o f th e  e s tim a tio n , th e  u n c e r ta in ty  o f th e  re fra c tiv e  in d e x  re fe rred  to  
lig h t o f  in fin ite  w av e len g th  should  be regarded  on ly  as an  in fo rm a tiv e  figure.
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c)  E f fe c t  o f  the uncertainty o f  other terms in Eq. (1 )

C om pared  w ith  t h a t  o f  th e  m easured  d ie lec tric  c o n s ta n ts , th e  errors 
in  d e n s i ty  figures are n e g lig ib ly  sm all, th erefo re  th e ir  e ffect u p o n  th e  u n cer
t a i n t y  o f  mole frac tion  f ig u re s  can  be left ou t o f  a cco u n t. A verage po la riza 
b i l i ty  f ig u re s  and p e rm a n e n t d ipo les were ta k e n  from  th e  l i te ra tu re  [9, 13]. 
I f  s ig n if ic a n t figures g iven in  th e  li te ra tu re  are re g a rd ed  as a c c u ra te , th e n  th e  
u n c e r ta in ty  in  these is in  th e  o rd e r  of te n th s  o f p e r cen ts , an d  has no effect. 
T h e  ca se  is sim ilar c o n ce rn in g  m olecular d im ensions d educed  from  X -ray  
s tu d ie s  [3]; in  the l i te ra tu re  in accu rac ie s  am o u n tin g  to  ^ 0 .0 1  Â or ^ 0 .0 2  Â 
a re  m e n tio n e d .

O n  th e  basis of th e  fo re g o in g  we m ay  s ta te  th a t ,  in  essence, inaccu racy  
in  f ig u re s  calcu lated  fo r t r u e  m o le  frac tions is due  to  e rro rs  co m m itted  in  the  
m e a s u re m e n t of dielectric  c o n s ta n ts .  C alculated  fig u res , and  th e  m easure of 
th e i r  in accu racy , are show n in  T ab le  I.

Table I

XB x x x 2 *3

0.0 0.115 +  0.003 0.885 +  0.003 0.000

0.2 0.055 0.621 0.324 ±  0.003

0.4 0.027 0.409 0.564

0.6 0.012 0.243 0.746

0.8 0.004 0.109 0.887

1.0 0.000 0.000 1.000

I t  should  be n o ted  t h a t  th e  errors in d ic a te d  in  th e  ta b le  refer to  the  
w o rs t  in s tan ces . P er cen t p ro p o r t io n  of errors in creases , o f course, w ith  the  
d e c re a se  o f  mole frac tion  f ig u re s . D ev ia tions cause th e  g re a te s t u n c e rta in ty  
in  t h e  m o le  fraction  fig u res  o f  m onom eric  acetic  acid since, n e a rly  over th e  
e n t i r e  ra n g e  of c o n c e n tra tio n s , m onom eric  acetic  ac id  h as  th e  low est mole 
f r a c t io n s .

Symbols

A  =  m onom eric acetic  acid 
A  =  th e  co n stan t defined  b y  E q . (2)
A 2 =  d im eric  acetic acid
В  =  c a rb o n  te trach lo ride
a. b. c =  ha lf-ax es of the  ellipso id  w h ic h  rep resen ts  th e  g eo m e try  of m o n om eric , and d im eric, 

ace tic  acid
f  fa c to r  defined by  E q s  (3 ) a n d  (10)
fp  =  fa c to r  defined b y  E q . (4)
к == B o ltzm an n ’s co n stan t
M  =  m olecu lar w eight
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n refractive index
nœ =  refractive index extrapolated to light o f  in fin ite wavelength  
p  =  factor defined by Eq. (5)
q =  factor defined by Eq. (6)
s =  space co-ordinate
T  =  absolute tem perature
X  =  m ole fraction
a =  average polarizability

=  polarizability  in the direction of the perm anent dipole 
e =  d ielectric constant
/I =  perm anent dipole m om ent
0 density

ind ices for the designation of com ponents

1 =  m onom eric acetic acid in a real m ixture
2 =  dim eric acetic acid in a real m ixture
3 carbon tetrachloride in a real m ixture
ac acetic acid in a nom inal m ixture
В =  carbon tetrachloride in a nom inal m ixture
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Adsorption from  binary solutions o f n itrom ethane and nitrobenzene resp ectiv e ly  
in benzene, cyclohexane and dioxane on chrom atographic silica gel at 20 °C and  alum ina  
at 30 °C has been determ ined. On silica, the adsorption from  the solutions ex ten d s close  
to a m onolayer while on alum ina, m ostly  m ultilayer adsorption occurs. A dsorption  
from dioxane-n itrom ethane solutions has been found to occupy about h a lf a m ono- 
layer or less on these two solids.

The therm odynam ic treatm ent outlined b y  S c h a y  and N a g y  [ 3 ,  4 ]  and by  
E v e r e t t  [ 5 ,  6 ]  has been extended to the adsorbed phase from these solutions. In m ost 
cases, results obtained by the alternate m ethods show  a fair agreement. A dsorption  
it  the free liquid surface has also been com pared w ith  the adsorbed layer on th e  solids. 

The ex ten t o f  adsorption per unit area on the solid  surfaces has been found to  be som e  
2 -  4 tim es higher than on the free liquid surface.

T heoretical tre a tm e n t

I t  has been recognised  for som e tim e  f l ]  t h a t  th e re  is a s im ila rity  b e tw e e n  
th e  free liq u id  su rface  o f a b in a ry  so lu tio n  a n d  th e  adsorbed  p h ase  b e tw een  
the so lu tio n  an d  an  in e r t solid. T h is s im ila r ity  e x te n d s  n o t only to  th e  n a tu re  
of a d so rp tio n s  th a t  occur a t  these in te rfa c es , b u t  also to  th e  th e rm o d y n a m ic  
t r e a tm e n t o f th e  d a ta  an d  th e  m odels used  fo r  th e  adso rbed  p h ase . E x p e r i
m e n ta lly , how ever, w hile th e  su rface  ten s io n s  o f  b in a ry  liqu id  m ix tu re s  can 
be m easu red  d ire c tly , th e  in te rfac ia l ten s io n  b e tw een  th e  liqu id  a n d  a solid 
su rface  c an n o t be so m easured . I t  h a s  to  be c o m p u te d  by  in d irec t m e th o d s . 
A sim ple tr e a tm e n t  o f  th e  adso rbed  ph ase  in  solid liq u id  system s an a lo g o u s  
to  th a t  o f th e  free liq u id  surface, can  be  g iven  using  b o th  th e  ideal so lu tio n  
an d  th e  reg u la r so lu tio n  m odels [1, 2 ]. I f  y i is th e  in te rfac ia l tension  o f  p u re  
co m p o n en ts  in  c o n ta c t w ith  th e  solid , an d  y  t h a t  o f  th e  so lu tion , th e  fo llow ing  
eq u a tio n s  can  be w ritte n  for th e  chem ica l p o te n tia ls  (ju,-) in th e  liq u id  (/) an d  
the ad so rb ed  (rr) ph ase  respective ly :

ц \ =  fi\" -f R T  In a\ ( 1)

t A  =  n ‘i"  +  (y, A i Y Ä .)  +  R T  In < . (2)

* To whom  all correspondence m ay be addressed.
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I n  t h e  a b o v e  e q u a tio n  А,- s ta n d s  for th e  su rfa c e  occupancy  o f th e  m olecules 
(c m 2/m o l)  an d  a, =  x , f -  th e  th e rm o d y n a m ic  a c tiv i ty . I t  can  be  show n  th a t

= ---------- f f  r .—  (3)
A  + -Ц- ■ —  *2

/ /  / 2

w h e re

1 L  =  I L .  e x p  ' ( ^ t —y) a j r t

/ 2* / 2  exp ■ (y2 y) A J R T

=  • ex p  • . . ( У г Л - У 2 Л ) .„ . i A z A l Z  . (4)
/ 2a R T  R T

=  ,5)
Я  К .

H e re , K a is a c o n s ta n t fo r th e  system  a t  c o n s ta n t  te m p e ra tu re . E q . (3) can  
be c o n s id e red  to  be th e  m o s t general fo rm  o f th e  ad so rp tio n  iso th e rm . T he 
sh a p e  o f  th e  iso th e rm  th e n  depends on th e  follow ing fo u r fa c to rs  [3 ,4 ] :

(i) th e  n a tu re  o f  th e  b u lk  phase, as g iv en  b y  th e  te rm  / / / / i ;  th e  ra tio  
o f a c t iv i ty  coeffic ien ts in  l iq u id  phase;

(ii) th e  n a tu re  o f  th e  adso rbed  p h ase , as g iven  b y  th e  te rm  f î / f g ;
(iii) th e  m a g n itu d e  o f  th e  te rm  exp . (y1 A  j — y2 A„)IRT  w h ich  m a y  be 

c o n s id e re d  to  re p re se n t th e  d ifference in  th e  a d so rp tio n  p o te n tia ls  o f  th e  tw o 
c o m p o n e n ts ;

(iv ) th e  m a g n itu d e  o f  th e  te rm  exp. ( A 2 — A y) y / R T  w hich  m a y  be  con
s id e re d  to  rep re sen t th e  v a r ia tio n  o f su rface  e n e rg y  w ith  th e  co m p o sitio n  of 
th e  b u lk  so lu tion .

I t  has genera lly  b een  observed  [1, 3] t h a t  th e  in fluence  o f  th e  f ir s t  
f a c to r , ( / / / /2) on th e  n a tu re  o f  th e  adso rbed  p h a se  is p ro found , as in th e  case 
o f  th e  free  liqu id  su rface .

W h e n  th e  a p p ro x im a tio n  A x ^  A 2 =  A  c a n  be m ade, a n d  th e  b e h a v io u r  
a t  th e  su rface  can be  ex p ec ted  to  n ear th e  id e a l, i t  will be o b se rv ed  from  
E q . (5) th a t

K n =  exp .(y2 y x) A / R T . (6)

U n d e r  s im ila r c ircu m stan ces , fo r th e  l iq u id —v a p o u r  in te rfa c e  [2],

c =  exp.(y[ — y 2) A / R T .  (7)

T h e  close  s im ila rity  b e tw e e n  E qs (6) a n d  (7) m a y  be no ted . In  su ch  cases, 
th e  f re e  liq u id  su rface  a n d  th e  adsorbed  p h a se  o n  a solid can be  d ire c tly  com -
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pared using Y o u n g ’s equation:

7 l s  —  7 sv  ~  7 l v  c o s  ® ( 8 )

w here su b sc rip ts  L , S an d  V  refer to  l iq u id , so lid  an d  v ap o u r, re sp ec tiv e ly . 
If  th e  liqu ids are  co m p le te ly  w etting , cos 0 = 1 ,  an d  i t  can be show n  th a t

(y i.v)i>  ( 7 l v ) i  —  ( 7 l s ) i ( 7 l s ) ü - ( 9 )

H ence from  E q s  (6) an d  (7),

C = l / K a . ( 10)

I t  follows th e re fo re  th a t  if  th e  ad so rp tio n  a t  th e s e  in te rfaces  are  b o th  exp ressed  
in te rm s o f u n it  su rface  a rea , th e  curve fo r one  m u s t be ro ta te d  b y  an  angle  
2 л  w ith  resp ec t to  th e  x\ ax is  to  o b ta in  t h a t  o f  th e  o th e r. T he co n v e n tio n  we 
will use for co m p arin g  ad so rp tio n s a t th e  free l iq u id  su rface an d  th e  liq u id -so lid  
in te rface  will he in  te rm s  o f r [ N  ̂ w hich  g ives th e  excess o f c o m p o n en t 1 in 
the su rface  p er u n i t  a re a , com pared  to  th e  sam e  to ta l  n u m b er o f m oles in  th e  
bu lk . T h u s,

г ^ =  Г ,  -  х{(Г:[ +  Ц )  ( I I )

w here Г х is th e  a c tu a l su rface  co n cen tra tio n  o f  th e  com ponen t. Such c o m p a ri
sons h av e  been fo u n d  to  hold  good in a few  cases (1).

In  case o f n o n -id ea l beh av io u r in  th e  a d so rb ed  lay e r, th e  an a ly s is  o f 
th e  o th e r  fac to rs  o f  E q s (3) an d  (5) needs to  be  ca rried  o u t. Two ap p ro ach es  
are used in  p rac tice . T h e  f ir s t  is due to  Schay  a n d  N agy [3, 4]. I f  m  g ram s 
of a solid h av in g  a specific  surface area E ,  is e q u ilib ra te d  w ith  n 0 m oles o f  a 
b in a ry  liqu id  m ix tu re , w hich  undergoes a c h a n g e  o f com position  A x\ d u e  to  
a d so rp tio n , it  can  be show n th a t

A x‘i _  r (N) =  _  ß ~ * { )  d y  '
E  m  1 R T  d  In a[

T his e q u a tio n  is a form  o f Gib b ’s ad so rp tio n  iso th e rm . H ence, from  E q . (12),

R T A , Г n 0 A x , ,(Yi — r)Ai= — =—  y: rflna'. (13)
1  J (1 - x\) m

a, = l

Schay carries o u t th e  in te g ra tio n  g rap h ica lly , using  ex p erim en ta l d a ta ,  to  
o b ta in  ( y t — y). F u r th e r , th e  surface co m p o sitio n  can be w ritten  in  te rm s
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of th e  a m o u n t  of ad so rp tio n  (n 0 A x \ jm ); th u s ,

v„ =  Z x [  +  A 2(n 0 A x [ lm )

£ + ( А 2 — А ^ ) (х ь Лх\1т)

I t  is, th e re fo re , possible to  ca lcu la te  In/® , u sin g  E qs (13) an d  (14). T h u s  

l n /  =  l n a )  - l n x j  — (y1 -  y) A J R T . (15)

T h e  o th e r  ap p ro ach  is d u e  to  E v e r e t t  [5, 6]. I f  th e  ra tio  o f  a c t iv i ty  
c o e ffic ien ts , bi E qs (3) — (5) can  be a p p ro x im a ted  to  u n ity , th e n

x a =  _ Xl _
4 + x ‘2/k 0

• 1 . (16)
K ax { + x l2

Also,

=  (17)
m m

C o m b in in g  E q s (16) and  (17), i t  follows th a t

nuAx[ =  n a K a Í j  re0 Ax[  1 ( | 8)
x\, m m  K a ] m K a x[

or

— ---------1 1 .  (19)
n0 Ax[lm na 1 K a

E q s (18) a n d  (19) can be ap p lied  d irec tly  to  th e  exp erim en ta l d a ta  o f a d s o rp 
tio n . T h e  fo rm er, due to  E r d ő s  [7], is m ore su ita b le  for th e  ca lcu la tio n  o f  K a, 
w hile  th e  la t te r ,  due to E v e r e t t  [5], is m ore su ita b le  for th e  ca lcu la tio n  o f  n". 
O nce n a h a s  been o b ta in ed , E q . (17) will y ie ld  th e  value of x\.  F u r th e r ,  th e  
a c t iv i ty  coeffic ien ts can th e n  be ca lcu la ted  [6] from

YtrA)
. r„ r , al, Г x l  rti> , „lnA- = j— ~  - r \ ^ .  (20)

0

A  s i m i l a r  e x p re ss io n  can  b e  w r i t t e n  for  ln  f f .  E v e r e t t  [6] h a s  d i s c u s s e d  in  
d e t a i l  t h e  d if fe rence  b e t w e e n  h is  d e r iv a t io n  a n d  t h e  ea r l ie r  t r e a t m e n t s  o f  
E r d ő s  [7] a n d  K is e l e v  [8]. I f  t h e  tw o  c o m p o n e n t s  o c c u p y  v a s t l y  d i f f e r e n t
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a rea s , i.e. if A J A ,, is fa r d iffe ren t from  u n ity , an  e x tra  te rm  r A J A i has 
to  be in tro d u ced  in to  th e  eq u a tio n  exp ressing  th e  d is tr ib u tio n  coeffic ien t of the 
co m p o n en ts  b e tw een  th e  adso rbed  p h ase  and  th e  bu lk  so lu tio n ; th u s

« / « ' )  (alja^yi'  =  K a . (21)

T h is  eq u a tio n  c a n n o t be solved a n a ly tic a lly , ex cep tin g  b y  in tro d u c in g  various 
sim p lifica tions [9]. A lso, if  r is v e ry  large , as in th e  case o f p o ly m e r solu tions, 
i t  is d ifficu lt to  d e fin e  an ex ac t b o u n d a ry  betw een  th e  ad so rb ed  ph ase  and 
th e  bu lk  so lu tion  [1, 10].

Scope o f  th e  p resen t w ork

In  th e  p re se n t in v es tig a tio n  we h av e  s tu d ied  b in a ry  sy s tem s  w here the 
size ra tio  A^jA^  is n o t fa r  d iffe ren t from  u n ity  (see T ab le  I ) ; hence  th e  m ethod  
o f S c h a y  and N a g y  as well as t h a t  o f E v e r e t t  can be ap p lied  fo r th e  calcu
la tio n  of x'l an d  f "  fo r th e  ad so rb ed  phase . I t  will be n o te d , h o w ev er, th a t  in 
b o th  th e  m ethods, th e  e x p e rim e n ta l d a ta  have  to  be p u t  th ro u g h  a graphical 
in te g ra tio n , w hich  ren d ers  th e  process ted io u s  and  so m ew h at less accura te .

Table I

Some physical properties o f  the liquids used

L iq u id  (i)
F .P . a  (2o jc) a  ( °c) YÍ (20 °C) Y i (30 °C) a ;  (30 ° c)
(°C) (g/m l) (g/m l) (dyne/cm ) (d y n e/cm ) (cm a/m ole) x  10 10

Benzene 5.50 0.8790 0.8685 28.85 27.55 0.169

(5.53) (0.8790) (0.8685) (28.88) (27.57)

C yclohexane 6.60 0.7786 0.7694 25.00 23.85 0.193

( 6 . 6 8 ) (0.7785) (0.7690) (25.20) (23.82)

1,4-D ioxane 11.75 1.0338 1.0220 33.75 32.20 0.165

(11.80) (1.0337) (1.0223) (33.74) (32.20)

N itrobenzene 5.70 1.2035 1.1933 43.40 42.20 0.185

(5.70) (1.2032) (1.1936) (43.35) (42.17)

iVitro- 1.1386 1.1239 37.19 35.50 0.121

m ethane (1.1311)** (1.1245) (36.98) (35.51)

•C a lcu la te d  from  A t ( к ; ) 2/3 (/V)1/3- 
** D ensity  a t  25 °C as com pared  to  o u r average value 1.1312 g/m l. 
All values in p a ran th eses in d ica te  th e  lite ra tu re  values [14].
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E v e r e t t ’s m ethod  has th e  a d v a n ta g e  of y ie ld in g  x°  v a lu es  w ith o u t recourse 
to  a  know ledge  of A,-, p ro v id e d  th e  adso rp tion  d a ta  o b ey  th e  lin ea r  re la tio n 
sh ip , E q .  (19). Also, th e  c o n s ta n t  K a can be e v a lu a te d  w ith o u t a discussion 
o f t h e  su rface  a c tiv ity  c o e ffic ien ts . Schay’s a p p ro a c h , on th e  o th e r  h an d , 
r e q u ire s  a  p rio r e s tim a te  o f  th e  surface o ccu p an cy  o f  th e  m olecules in  o rder 
to  c a lc u la te  x® (see E q . (14)) a n d  thence  У)“. To th e  b e s t o f th e  a u th o rs ’ k n ow l
ed g e , th e  resu lts o b ta in e d  f ro m  these  tw o a p p ro ach es  h av e  been  com pared  
o n ly  fo r  a few system s [11, 12 ]. Su ri and R a m a k r ish n a  [11, 12] m ade th e  
fo llo w in g  observations: (i) th e  va lu es  ob ta in ed  from  th e  tw o  app ro ach es for 
th e  a d so rp tio n  on silica a n d  a lu m in a , nn/m , fro m  th e  b in a ry  so lu tions of 
b e n z e n e , cyclohexane a n d  d io x a n e  agree e x trem e ly  s a tis fa c to r ily ; (ii) a ju d i 
c io u s co m b in a tio n  of th e se  tw o  m ethods m ay  en ab le  th e  c a lcu la tio n  of A,-, 
th e  a c tu a l  surface o ccu p an cy  o f  th e  m olecules an d  hen ce  th ro w  lig h t on  surface 
o r ie n ta t io n . H ow ever, som e q u e s tio n s  rem ained  u n a n sw e re d ; n am ely , (a) w ha t 
w o u ld  h ap p en  to  such c o m p a riso n s  if  one o f th e  co m p o n en ts  was strong ly  
p o la r ?  (b) w h a t would h a p p e n  i f  th e  adso rp tion  iso th e rm  w as S -shaped  in s tead  
o f  th e  17-shaped curves o b ta in e d  in  th e  previous sy s te m s?  To f in d  som e answ ers 
to  th e s e  q uestions, we h a v e  e x te n d e d  our in v e s tig a tio n s  to  th e  s tu d y  o f a d so rp 
tio n  f ro m  b in ary  so lu tions o f  benzene, cyclohexane o r d io x an e  resp ec tiv e ly , 
w ith  n itro b en zen e  and  n itro m e th a n e . The solids u sed  fo r th e  in v es tig a tio n s  
w ere th e  sam e as before [12], n a m e ly  c h ro m a to g ra p h ic  silica (412 m 2/g) and 
a lu m in a  (65.2 m 2/g).

E x p e rim e n ta l procedure and  resu lts

T h e  liquids have b een  p u r if ie d  according to  s ta n d a rd  p rocedures [13]. 
S om e p h y s ic a l p ro p erties  o f  th e s e  liquids m easu red  in  th e  la b o ra to ry  h av e  
b een  re c o rd e d  in  T able I  a n d  co m p ared  w ith  th e  l i te r a tu r e  va lu es  [14]. I t  will 
be  o b se rv e d  th a t  th ere  is an  e x c e lle n t agreem ent b e tw een  th e se  values, e x c e p t
in g  in  a few cases. The su rfa c e  ten sio n  for n i tro m e th a n e  a t  30 °C agrees v e ry  
well w i th  a recen t re p o rt o f  S n e a d  and  Cle v e r  [15]; b u t  th e  d y jd T  rep o rted  
b y  th e m  varies  from  o u r d a ta  b y  0.032 dyne/cm  d eg ree , w hile  ag reeing  w ith  
o th e r  l i te r a tu r e  values [14]. T h e  d ensity  of o u r sam p le  ag reed  v e ry  closely 
w ith  th e  m o st carefully  p u r if ie d  sam ple  described  in  l i te ra tu re  [16]. A ccording 
to  Co e t z e e  el al. [16], th e  d e n s ity  of n itro m e th a n e  can  be used  as th e  best 
c r i te r io n  fo r its  p u rity . W e h a v e , therefore , p ro ceed ed  w ith  th e  re s t of th e  
dot e rm in a tio n s .

T h e  surface tensions o f  th e  b in a ry  liqu id  m ix tu re s  w ere m easu red  acco rd 
ing to  th e  procedure a lre a d y  describ ed  [17, 18] w ith  an  ex p ec ted  accu racy  
o f  ^ 0 . 1  dyne/cm . The re su lts  a re  show n in te rm s  o f  y E( - у  — yí%[ — y í  x î) 
vs. m o le  frac tio n  in Fig. 1.
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A w eighed q u a n ti ty  (1.5 gm s) o f th e  solid  (d ried  a t  140 °C) w as ta k e n  
in  glass am poules an d  degassed fo r  a b o u t 24 hours. T he am p o u les  w ere  th e n  
filled  w ith  a b o u t 7 — 8 m l of a p re v io u s ly  p re p a re d  b in a ry  liq u id  so lu tio n  of 
kn o w n  com position  (p repared  b y  w eighing). T h e  sealed  am pou les w ere  th e n  
p laced  in  a c o n s ta n t te m p e ra tu re  b a th  ( ^ 0 .0 2  °C) an d  allow ed to  e q u il ib r ta t  
fo r 48 hours o r m ore w ith  f re q u e n t s tirrin g . T he liq u id  w as su b seq u en ly e  
s e p a ra te d  from  th e  solid by  cen tr ifu g in g . T he change in  c o n c e n tra tio n  o f  th e

x{

f i g .  1. E xcess surface tension i y 1') o f  binary solutions at 20 “C. 1. B en zen e(l)  -f- nitroben
z en e^ ); 2. C yclohexane(l) +  n itrobenzene(2); 3. D ioxane (1) -(- n itrobenzene(2); 4. Ben- 

zen e(l)  -j- nitrom ethane(2; 5. D io x a n e(l) nitrom ethane(2)

so lu tio n  was ca lcu la ted  from  th e  change in  re frac tiv e  in d ex  m e a su re d  using 
a R ay le igh  in te rfe ren ce  re fra c to m e te r , m ercu ry  arc  ra d ia tio n , A =  5461 A, 
b e in g  used for th e  ca lib ra tio n  o f  th e  in s tru m e n t. Several checks fo r  th e  d e te r
m in a tio n s  w ere m ade b y  d u p lic a tin g  som e o f th e  p o in ts , ru n n in g  b lan k s, 
a n d  also b y  e q u ilib ra tin g  p u re  so lv en ts  w ith  a lu m in a  to  see if  th e  in s tru m e n t 
in d ic a te d  an y  change o f re fra c tiv e  index .

The ad so rp tio n  d a ta  are  reco rd ed  in  T ab les  I I  and  I I I  fo r th e  a lu m in a  
a n d  silica su rfaces re sp ec tiv e ly . T h e  last tw o  colum ns in  T ab les  I I  a n d  I I I  
reco rd  x" ca lcu la ted  from  th e  e q u a tio n s  o f E v e r e t t  ( E q .  17) a n d  o f  S c h a y  
a n d  N a g y  ( E q .  14 ) ,  re sp ec tiv e ly . T h e  c o n s ta n ts  used  for th e  a p p lic a tio n  of 
th e se  eq u a tio n s  h av e  been reco rd ed  in T ab les IV  and  V. T hese c o n s ta n ts  have 
been  o b ta in ed  from  th e  e x p e rim e n ta l d a ta  in th e  follow ing m a n n e r: T h e  resu lts  
o f ad so rp tio n  a re  p lo tted  in F ig s  2 an d  3 in  te rm s of n 0 A x \ /m  vs. x \  w hich 
g ives th e  “ co m p o site”  iso th e rm s fo r each b in a ry  m ix tu re  an d  so lid . T h e  s tra ig h t 
line p o rtio n  o f th e  ad so rp tio n  iso th e rm  is e x tra p o la te d  to  o b ta in  in te rc e p ts  
on th e  x\ -  0 an d  x\ 1 ax is  (see 3, 4 ) .  A ssum ing  th a t  th e  co m p o sitio n  of 
a d so rb a te  rem ain s c o n s ta n t (3) th e se  in te rc e p ts  give th e  values o f  n a/m  (Tables 
IV  and  V). I t  is to  be em p h asized  th a t  in  th e  above c a lc u la tio n  fo r  na/m, 
th e  a ssu m p tio n  o f  a m ono layer a d so rp tio n  is n o t invo lved . O n th e  o th e r  h an d , 
if  th is  value o f  пЦт  is d iv ided  b y  th e  n u m b e r of m oles req u ired  fo r  m ono layer 
c a p a c ity  based  on B E T  (N2) a re a s  o f th e  solid , we can o b ta in  th e  th ick n ess
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Table II

Adsorption from binary l iqu id  mixtures on alumina (surface area 65.2 mrjg)  at 30 C

S ystem Ax[xl0z n o m n « A x [ *10* 
m

a*i
E q . (17)

a*i
E q .(1 4 )

B en zen e(l) -f- 0.1252 0.517 0.04110 1.0828 1.963 0.4334 0.4033
nitrobenzene(2) 0.1880 0.376 0.07463 1.2684 2.210 0.5350 0.4985

0.2376 0.427 0.04942 1.1148 1.892 0.5346 0.5032
0.3388 0.287 0.04685 1.1927 1.128 0.5159 0.4973
0.3664 0.230 0.05850 1.1305 1.190 0.5532 0.5330
0.4365 0.246 0.05016 1.1151 1.108 0.6105 0.5907
0.5379 0.263 0.06120 1.3071 1.230 0.7310 0.7074
0.6313 — 0.057 0.05211 1.0323 0.290 0.5858 0.5909
0.7014 — 0.181 0.05721 1.2847 —  0.800 0.5758 0.5899
0.8607 — 0.205 0.05964 1.1315 -  1.085 0.6904 0.7112
0.9088 — 0.181 0.05544 1.1252 0.890 0.7691 0.7871

C yclohexane(l) -j- 0.1667 1.187 0.05813 1.2186 5.663 0.3309 0.3137
nitrobenzene(2) 0.3212 0.438 0.08749 1.3682 2.802 0.4024 0.3941

0.4890 — 0.573 0.07261 0.9590 4.341 0.3631 0.3793
0.5304 — 0.685 0.09307 1.0887 5.860 0.3605 0.3825
0.6616 — 1.793 0.07931 1.3456 -10.570 0.3561 0.3949
0.8485 — 2.290 0.05821 1.2423 10.730 0.5373 0.5798

D io x a n e (l)  -(- 0.1966 0.359 0.06661 1.2767 1.873 0.5712 0.6837
nitrobenzene(2) 0.3790 0.339 0.08228 1.2789 2.184 0.8158 0.9299

0.5756 0.258 0.07983 1.2751 1.615 0.8986 0.9802

0.7069 0.217 0.06918 1.2734 1.180 0.9449 0.9985
0.8602 0.065 0.08914 1.0723 0.540 0.9682 0.9952

B en zen e(l) - f 0.1084 — 0.140 0.13463 1.1211 —  1.684 0.0175 0.0082
nitrom ethane(2) 0.2343 -0 .3 5 4 0.09653 0.9751 -  3.505 0.0450 0.0129

0.3915 - 0 .7 6 1 0.09317 1.2722 5.575 0.0905 0.0438

0.4053 — 0.668 0.09859 1.2193 5.780 0.0932 0.0449

0.5303 0.936 0.08553 1.1183 7.161 0.1516 0.1023

0.7358 -1 .273 0.06354 0.9908 - 8.167 0.2948 0.2743

D io x a n e (l) -f- 0.1140 — 0.031 0.08950 1.1753 - 0.237 0.0465 0.0034
nitrom ethane(2) 0.2097 — 0.083 0.10228 2.1288 0.399 0.0960 0.0161

0.3886 — 0.062 0.11124 1.0211 0.678 0.1954 0.0656

0.5639 — 0.206 0.06664 1.9604 0.697 0.3653 0.2552

0.7537 — 0.073 0.08031 1.0760 -  0.542 0.5992 0.5410
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Table  111

Adsorption from  binary liquid mixtures on silica gel (surface area 412 m 2/g) at 20 °C

System
* ; A  * , ж 10- "o in /!„ A x\

—------ - X  KP

aX 1
E q . (17)

aX 1
E q . (14)

B en zen e(l) 0.1213 0.345 0.07474 0.9001 2.864 0.2645 0.2722
nitrobenzene(2) 0.2288 0.197 0.07274 1.2362 1.160 0.2847 0.2898

0.3389 —0.316 0.06867 1.1597 - 1.187 0.2745 0.2732
0.4441 — 0.551 0.05990 1.0703 3.079 0.2942 0.2737
0.5478 - 0 .9 0 1 0.05680 1.0525 -  4.798 0.2973 0.2820

0.6452 0.747 0.07017 0.8962 5.850 0.3527 0.3202
0.7431 1.141 0.05946 0.9898 6.856 0.3998 0.3608
0.8237 — 1.026 0.06918 0.9602 7.395 0.4539 0.4096

0.9165 —0.764 0.07184 1.0314 5.321 0.6504 0.6133

C yclohexane(l) + 0.1133 —0.557 0.06777 0.9746 3.874 0.0281 0.0086
nitrobenzene(2) 0.1880 —0.817 0.06614 0.9890 5.464 0.0678 0.0405

0.2887 1.541 0.06674 1.0468 9.824 0.0726 0.0234

0.3863 1.918 0.06290 1.0686 11.290 0.1379 0.0026

0.5113 — 3.243 0.06946 1.0640 — 18.431 0.1058 0.0134
0.6097 — 3.076 0.07016 0.8652 — 24.950 0.0608 0.0086

0.7310 —5.171 0.05824 1.1210 — 26.860 0.1401 0.0052

0.8353 — 5.281 0.05208 0.9560 28.770 0.2024 0.0595

0.9224 — 3.852 0.05771 0.9895 — 22.460 0.4283 0.3227

D io x a n e (l) -f- 0.1126 1.315 0.06680 0.8879 9.893 0.6320 0.6820
nitrobenzene(2) 0.2181 1.202 0.07557 0.8958 10.139 0.7504 0.7937

0.3316 1.170 0.06591 0.8145 9.464 0.8285 0.8641

0.4313 1.338 0.07107 1.1183 8.501 0.8775 0.9070

0.5322 1.425 0.05808 1.0907 7.588 0.9306 0.9544

0.6378 0.769 0.07454 0.9389 6.105 0.9583 0.9764

0.7419 0.575 0.07461 0.9750 4.398 0.9729 0.9854

0.8210 0.435 0.07547 1.0188 3.235 0.9908 0.9996

0.9098 0.230 0.07771 1.0494 1.707 0.9994 0.9917

B enzen e(l) -f- 0.0668 —0.141 0.11336 0.8258 1.936 0.0155 0.0154
nitrom ethane(2) 0.1405 —0.405 0.10409 0.8947 4.712 0.0156 0.0153

0.2126 —0.848 0.09325 1.0430 -  7.577 0.0118 0.0109

0.2982 — 1.139 0.10126 1.1195 10.285 0.0257 0.0261

0.3883 — 1.216 0.10270 0.9558 — 13.066 0.0421 0.0453

0.4987 — 2.186 0.08321 1.1206 16.240 0.0683 0.0781

0.6171 — 2.274 0.06707 1.1289 — 17.113 0.1636 0.1953
0.7159 2.269 0.07906 1.1080 — 16.184 0.2870 0.3426
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T ab le  I I I  (co n t.)

S y s tem x i A  * !  * 1 0 2 "o rn п ° Л * У х  10.
m E q . (17)

X

E q . ( 14)

D io x a n e (l)  + 0.0668 0.446 0.11215 0.7875 6.356 0.4577 0.4589

n itro m e th an e(2 ) 0.1333 0.685 0.08989 0.7276 8.464 0.6538 0.6935

0.2104 0.716 0.11320 1.0460 7.622 0.6792 0.7184

0.2834 0.773 0.09242 1.0802 6.605 0.6897 0.7244

0.3743 0.527 0.10409 1.0592 5.302 0.7076 0.7284

0.5942 0.291 0.08365 1.0025 2.425 0.7434 0.7575

0.7007 0.093 0.07469 0.9737 0.716 0.7447 0.7488

0.8435 -0 .0 8 3 0.09256 1.4018 -  0.548 0.8098 0.8232

of th e  ad so rb ed  f ilm , as show n in  th e  la s t c o lu m n  o f Tables TV an d  V. F u r th e r  
in  th e  use o f E q . (14) fo r ca lcu la tin g  x ‘J, w e h a v e  considered i t  re a so n ab le  to  
use th e  v a lu e  o f 27T[ =  (n " A 1 -j- П2^42)/т ] r a th e r  th a n  im pose th e  re s tr ic tio n  
o f m o n o lay e r a d so rp tio n . T h is we co n sid er a n  im p ro v e m e n t over t h a t  o f  th e  
p re v io u s  ca lcu la tio n s  o f  S c h a y  an d  N a g y  [4], e spec ia lly  w hen th e  a d so rp tio n  
is m u lti la y e r  in  n a tu re ,  as in  som e of ou r sy s te m s  А,- is of course o b ta in e d  in  
th e  u su a l w ay : A t =  ( F ,)2/3(JV)1/3.

Table IV

Adsorption from  binary solutions on alum ina at 30 °C 
C haracteristics of ad so rb ed  lay e r

S y s tem S lope  X 10“ 3 
E q . (19)

n ° / m x  104 
(m oles/g)

K-a
E q . (19)

IIer/m ,  F ig . 2 
i n t e r 

c e p ts  X 104 
(m o les/g )

p .a .c .*  J n<r<ada.
п(ГтопО'**

ß e n z e n e ( l)  -f- 
nitrobenzene(2 )

1.57 6.4 4.97 7.2 Benzene -f- 
nitrobenzene 
(4.3 : 2.9)

1.95

C y c lo h ex an e(l) - j-  
nitrobenzene(2 )

0.29 34.5 0.21 38.4 Cyclohexane -(-  
nitrobenzene 
(14.8 : 23.6)

11.13

D io x a n e (l)  -f- 
nitrobenzene(2 )

2.00 5.0 5.30 4.0 Dioxane 1.01

B en ze n e(l)  +  
n itro m e th an e(2 )

0.58 18.5 0.15 15.75 N itrom ethane 2.92

D io x an e(l)
n itro m e th an e(2 )

2.85 3.5 0.40 2.05 N itrom ethane 0.38

* P re feren tia lly  adso rb ed  com ponent. 
** na (m onolayer) =  27 B E T (N 2)M /.
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Table V

Adsorption from binary solutions on silica gel at 20 °C 
Characteristics o f the adsorbed layer

S y s tem S lope X 10~ 2 
E q . (19)

п ° 7 т  X 10< 
(m oles/g) E q .(1 9 )

4 er/m .  F ig . 3
i n te r 

c e p ts  X 104 
(m oles/g )

p.a.c.* „О- Mmouo.

B enzene(l) -f 
nitrobenzene(2)

5.00 20.0 6.0 19.0 Benzene -j- 
nitrobenzene 
(5.4 : 13.6)

0.83

Cyclohexane(l) -f- 
nitrobenzene(2)

2.20 45.45 0.05 37.0 Nitrobenzene 1.66

D io x a u e(l) -{- 
nitrobenzene(2)

5.25 19.0 10.21 18.1 Dioxane 0.70

B enzen e(l) -f- 
nitrom ethane(2)

2.66 37.7 0.13 37.4 Nitromethane 1.09

D ioxan e(l) +  
nitrom ethane(2)

6.15 16.3 11.98 14.85 Dioxane -f- 
nitromethane 
(11.2 : 3.65)

0.53

* Preferentially adsorbed component. 
** n° (m onolayer) =  2  BKT(N2)//f,.

T h e slope m /n a a n d  K a for th e  a p p lic a tio n  o f  E v e r e t t ’s e q u a tio n , E q .  (17), 
have  been  o b ta in e d  b y  p lo ttin g  x\oc2j ( n a A  л^/m ) vs. In  th o se  cases w here 
th e  com posite  iso th e rm  is of th e  S -sh ap e , o n ly  th e  po in ts on th e  ris in g  p a r t 
o f th e  cu rve , a t  e ith e r  end of th e  iso th e rm  h a v e  been  used. The c a lc u la te d  values 
o f na/m  acco rd in g  to  th is  p rocedure a re  also  recorded  in  T ab les IV  an d  V. 
In  F igs 4 to  8, th e  adso rp tion  a t  th e  liq u id /v a p o u r  in te rface  o f  th e  b in a ry  
so lu tio n s  is co m p ared  w ith  th e  ad so rp tio n  a t  th e  liquid/solid  in te r fa c e  n o rm a 
lised  to  u n it  su rface  a rea . I t  will be o b serv ed  t h a t  fo r th e  convenience o f  p lo ttin g  
an d  also show ing  th e  c u rv a tu re  o f th e  lin es , th e  scale used fo r l iq u id /v a p o u r  
a d so rp tio n  is la rg e r th a n  th a t  for th e  co rresp o n d in g  liqu id /so lid  a d so rp tio n .

Discussion

Comparison o f  different methods o f  calculation

I t  is o f in te re s t  to  com pare th e  v a lu e s  o f  na/m  o b ta in ed  b y  th e  m e th o d s  
o f S c h a y  and  N a g y  (in te rcep t m e th o d ) a n d  o f  E v e r e t t  ( E q .  (19)) .  From  
T ab les IV  and  V, i t  w ill be observed th a t  th e  v a lu es  recorded agree fa ir ly  well; 
fo r th e  ad so rp tio n  on silica th e  values ag ree  m u ch  more closely th a n  fo r th a t  
on a lu m in a . H ow ever, considering th e  a s su m p tio n s  involved in  th e  in te rc e p t 
m ethod  o f S c h a y  a n d  N a g y  [3, 4 ] ,  an d  t h a t  E v e r e t t ’s E q .  (17) w as derived
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Fig. 2.  C om posite adsorption isotherm s: Binary liquid m ixtu res -f- alum ina, at 30 C. 1. Ben- 
z e n e ( l)  -f- nitrobenzene(2); 2. C yclohexaiie(l) +  n itrobenzene(2); 3. D ioxan e(l) +  nitro- 

benzene(2); 4. B enzen e(l) -j- nitrom ethane(2); 5. D io x a n e (l)  nitrom ethane(2)

fo r  a p e rfe c t m onolayer o f  ad so rp tio n , th e  a g re e m e n t betw een th e  tw o  sets 
o f n° lm  is su rp ris in g ly  good.

A tte n tio n  is also d raw n  to  th e  х° v a lu es  re c o rd e d  in Tables I I  a n d  I I I  
c a lc u la te d  from  E qs (14) a n d  (17). H ere ag a in  th e  tw o sets o f v a lu es  a re

Fig. 3.  Com posite adsorption isotherm s: Binary liquid m ixtures +  silica gel, a t 20 °C. 
1. B e n z en e(l)  +  nitrobenzene(2); 2. C yclohexane(l) nitrobenzene(2); 3. D io x a n e (l)  -f- 

nitrobenzene(2); 4. B en zen e(l) -f- nitrom ethane(2); 5. D ioxane(I) nitrom ethane(2)
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in good ag reem en t, a lth o u g h  th e  x ? values fo r th e  p re fe re n tia lly  adsorbed  
com ponen ts o b ta in e d  by  S c h a y ’ s  e q u a tio n  a re  slig h tly  h ig h er th a n  those 
ca lcu la ted  from  E v e r e t t ’ s  expression . F o r sy stem s cy c lo h ex an e  -j~ n itro 
benzene and  benzene  n itro b e n z e n e  on a lu m in a , and  benzene -)- n itro b en zen e  
and  dioxane -j- n itro m e th a n e  on  silica, w here th e  com posite  a d so rp tio n  iso
th e rm  crosses th e  com position  ax is  (Figs 2 an d  3), th e  values o f  m /n° from  
E q . (19) have been  o b ta in e d  from  th e  rising  b ra n c h  o f th e  cu rv es  a t  e ith er 
end . In te re s tin g ly  enough  w hen th e se  values o b ta in ed  to w ard s th e  en d  o f  the 
less p re fe ren tia lly  adso rbed  c o m p o n en t are used  fo r th e  c a lc u la tio n  of x °, 
th e  resu lts  o b ta in e d  follow closely  th e  co rresp o n d in g  values c a lc u la te d  from  
th e  eq u a tio n  of S c h a y  and  N a g y  (T ables I I  an d  I I I ) .  W e conclude , th ere fo re , 
th a t  w ith in  th e  lim its  o f a p p lic a b ility  of these e q u a tio n s , th e  v a lu es  ob ta in ed  
for па[т and  x'J fo r th e  ad so rbed  la y e r  are  in  sa tis fa c to ry  ag re e m e n t; w hen  the  
iso th erm s are  S -sh ap ed , th e  c o n s ta n ts  for E v e r e t t ’ s  e q u a tio n  are  b e s t o b ta in ed  
from  th e  rising  p a r t  o f th e  iso th e rm s to w ard s th e  side o f th e  less p re fe re n tia lly  
adso rbed  co m ponen t.

The nature o f  the adsorbed layer

In  th e  last co lum ns o f T ab les  IV  and  V, we com pare  th e  n u m b e r of 
m oles in th e  ad so rb ed  lay er w ith  th e  n u m b er o f m oles o f  th e  co m p o n en ts  th a t  
are  requ ired  to  form  a m o n o lay er on th e  su rface , rt"nono , a ssu m in g  B E T (N 2) 
areas for th e  solids. In  th e  case o f a lum ina , ex cep tin g  for th e  sy s tem s  con
ta in in g  d ioxane, m u ltila y e r  a d so rp tio n  is o bserved  w hich  is r a th e r  su rp rising  
in  view  of th e  o b se rv a tio n  o f  S c h a y  [ 3 ,  4 ]  th a t ,  fo r a n u m b e r o f  system s 
in c lu d in g  po lar com p o n en ts  on a lu m in a , th e  a d so rb a te  is con fined  to  a single 
m olecular lay er w ith in  5 % . I t  has also been suggested  th a t  fo r re g u la r  so lu
tio n s adso rp tio n  is essen tia lly  co n fined  to  a single lay e r [19], p ro v id e d  th e  
system  is well ab o v e  th e  te m p e ra tu re  a t  w hich p h ase  sep a ra tio n  occurs. The 
b in a ry  so lu tions u n d e r  s tu d y  a p p ro x im a te  to  a reg u la r  so lu tion  b eh av io u r. 
T he te m p e ra tu re  o f our m easu rem en ts , p a r tic u la r ly  w ith  a lu m in a  is fa irly  
h igh, th e  so lu tions show ing  no te n d e n c y  to w ard s  p h ase  sep a ra tio n  in  its  v ic i
n ity . In  view  of th e se  p o in ts , th e  m u ltilay e r a d so rp tio n  observed  on a lum ina  
c an n o t be acco u n ted  for w ith  th e  d a ta  a t  o u r d isposal.

In  th e  case o f silica, n e a r  m ono layer a d so rp tio n  is p re v a le n t, except 
again  for th e  d io x an e  sy stem s. T h e  ad so rp tio n  from  d io x an e—n itro m e th a n e  
system s is ex cep tio n a l in th a t  o n ly  a sm all frac tio n  o f th e  su rface  is covered 
(40 50% ). T he n e a r m o n o lay er ad so rp tio n s  in  th e  case of silica a re  m ore
closely in acco rd an ce  w ith  th e  d a ta  ava ilab le  in  l i te ra tu re  for th e  ad so rp tio n  
from  several b in a ry  so lu tions on silica gel [1]. In  such  cases, w hen th e  ad so r
b a te  can be considered  to  be co n fined  to  a single lay e r on th e  su rface , a su itab le  
shape  fac to r for th e  pack ing  o f th e  a d so rb a te  m olecules or a specific  surface
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d is p o s itio n  of these m o lecu les (e.g. f la t ly ing  rin g s  on th e  solid  surface) can 
be  a d o p te d  to  bring  closer a g re e m e n t betw een th e  a rea s  ca lcu la ted  from  liqu id  
a d s o rp t io n  and B E T (N 2) v a lu e s . In  those cases w here  m u ltila y e r  adso rp tio n  
p re v a i ls ,  b o th  At  an d  th e  th ic k n e s s  of th e  a d so rb a te  lay e r becom e u n c e rta in ; 
a n d  h e n c e  it  becomes e x tre m e ly  d ifficu lt to  e s tim a te  th e  m o n o lay er capac ity  
a n d  th e  corresponding su rfa c e  areas.

T h e  adsorp tion  from  th e  d ioxane system s m e rits  a d d itio n a l com m ents, 
T h e  b in a r y  solutions o f d io x a n e  n itro b en zen e  show  y E =  0 a t  20 °C (F ig . I)

Fig. 4.  Isotherm s of surface ex ce ss  for the system  b e n zen e (l) nitrobenzene(2). L Free 
liquid surface; X  A lum ina surface; (•) Silica gel surface

a n d  s l ig h t  positive values a t  30 °C [17], in d ic a tin g  th a t  th e  co m p o n en t o f th e  
lo w e r su rfa c e  tension, d io x a n e , does no t rise to  th e  free  liq u id  su rface  as a n tic 
ip a te d .  T h is  behaviour, on th e  basis  of E q . (10), w ould  lead  us to  ex p ec t a 
p r e fe re n t ia l  adsorp tion  o f  d io x a n e  on a solid su rface , p ro v id ed  i t  re su lted  in 
a p e r fe c t ly  adsorbed p h ase . T h e  re su lts  recorded  in  T ab les  IV  an d  V, an d  show n 
in F ig . 5 b ear ou t th is  e x p e c ta tio n . In  th e  case o f  d ioxane -f- n itro m e th a n e  
s y s te m s , a lthough th e  d iffe re n c e  in  surface ten s io n s  o f th e  tw o  com ponen ts 
is s m a lle r  th a n  in th e  p re v io u s  sy s tem , th e  y E v a lu es  are  s ig n if ican tly  n eg a tiv e , 
in d ic a t in g  th a t  d ioxane do es en rich  the  su rface  as a n tic ip a te d . O ne w ould, 
th e re fo re ,  expect n itro m e th a n e  to  be p re fe ren tia lly  ad so rb ed  on a solid surface 
on th e  basis  of E q. (10). H o w e v e r, a lthough  n itro m e th a n e  is p re fe ren tia lly  
a d s o rb e d  on alum ina, o n ly  4 0 %  o f the  surface is covered ; an d  on silica the 
a d s o rp t io n  is excep tional, d io x a n e  being ad so rb ed  in  g re a te r  excess th a n  
n itro m e th a n e , while th e  t o ta l  adso rp tio n  is co n fin ed  to  on ly  ^ 5 0 %  o f th e  
su rfa c e . T here  is no t en o u g h  in fo rm a tio n  av a ilab le  in  l i te ra tu re  fo r th is  b in a ry  
s y s te m  to  explain th is  b e h a v io u r  conclusively.

T h e  differences in  th e  b e h a v io u r  of so lu tions d iscussed  above a re  m ore 
s h a rp ly  b ro u g h t o u t b y  c o m p a rin g  the  co rresp o n d in g  liq u id /v a p o u r  and
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Fig. 5. Isotherm s of surface excess for the system  cyclohexane(l) - f  n itrobenzene(2). L Free 
liquid surface; X A lum ina surface; 0  Silica gel surface

liqu id /so lid  in terfaces . In  all th e  cases w here th e  sam e co m p o n en t is ad so rb ed  
p re fe ren tia lly  (Figs 5, 6, 7), ex ce llen t ag reem en t is o b ta in ed  fo r th e  a d so rp tio n  
on  th e  tw o solids over m ost o f  th e  com p o sitio n  range. T h is is to  b e  expected  
because  o f th e  m e th o d  o f c a lcu la tio n  used . W hen  th e  com po sitio n  o f  th e  m ix 
tu re  x t —*• 1, i, be ing  th e  p re fe re n tia lly  a d so rb ed  com ponen t, som e differences 
a re  o bserved  for th e  tw o solids. In  th e  case o f  adso rp tion  from  cy c lo h ex an e  -f- 
n itro b en zen e  on a lu m in a , th e  cu rv e  a c tu a lly  crosses th e  co m p o sitio n  ax is  at 
m ole frac tio n  of n itro b en zen e  g re a te r  th a n  0 .85, in d ica tin g  a re v e rsa l o f  a d so rp 
tio n  in  so lu tion  co n ta in in g  v e ry  sm all q u a n tit ie s  of cyc lohexane. C om paring  
th e  a d so rp tio n  on th e  co rresp o n d in g  free liq u id  surfaces, th e  g en e ra l n a tu re

Fig. 6.  Isotherm s of surface excess for the system  d ioxane(l) - f  n itrobenzene(2). L Free 
liquid surface; X A lum ina surface; Q  Silica gel surface
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o f  th e  cu rv es  agrees fa ir ly  w ell w ith  th e  p red ic tio n  o f  E q . (10). F igure 6 re flec ts  
th e  p e c u lia r ity  of th e  free  l iq u id  surface of th e  d io x a n e  -f- n itrobenzene  sy stem , 
w h ic h  h as  y E =  0 (F ig . 1). T h e  ac tu a l values o f  th e  a d so rp tio n  per u n it  a rea  
on  th e  solid  surface show n  in  F igs 5 — 7 are  a b o u t 2 — 4 tim es as h igh as th e  
c o rre sp o n d in g  a d so rp tio n  a t  th e  free liqu id  su rface . W e h av e  used th e  values

Fig. 7. Isotherm s of surface ex cess  for the system  b e u zen e (l) -f- nitrom ethane(2). L Free 
liquid surface; X Alum ina surface; Q  S ilica gel surface

Fig. 8. Isotherm s of surface excess  for the system  d io x a n e (l)  +  nitrom ethane(2). L Free 
liquid surface: X A lum ina surface; 0  Silica gel surface

27T fo r th e  surface ra th e r  th a n  27 B E T (N 2) as ex p la in ed  earlie r. I t  m ay, th e re fo re , 
he c o n c lu d ed  th a t a lth o u g h  th e  system s s tu d ied  do n o t  conform  to th e  re q u ire 
m e n ts  o f  E q . (10), in th e  sense  t h a t  th e  co m p o n en ts  in  th e  free liqu id  su rface  
a n d  th e  adso rbed  lay er on  th e  so lids do no t follow  id e a l b eh av io u r, n everthe less, 
th e  g en e ra l n a tu re  of th e  a d so rp tio n  curves follow s th e  tre n d  p red ic ted  b y  
th is  eq u a tio n .
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T h e com posite  a d so rp tio n  iso th e rm s  fo r benzene +  n itro b e n z e n e  on 
b o th  solids an d  d io x an e  -j- n i tro m e th a n e  on silica gel (F igs 4 an d  8), cross th e  
com p o sitio n  axis an d  do n o t  conform  to  th e  above ana lysis . In  th e s e  sy stem s, 
i t  ap p ea rs  th a t  specific  m o lecu la r in te ra c tio n s  w ith  th e  re sp ec tiv e  so lid  surfaces 
occu r v it ia tin g  co m p ariso n s w ith  th e  free  liq u id  surface.
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INVESTIGATION OF THE DIFFUSION POTENTIAL 
TN SOLUTIONS OF CONSTANT IONIC STRENGTH

L. B a r c z a , L. S t r ó b l  an d  B .  L e h o c z k y

(Institute  for Inorganic and Analytical Chemistry o f  the L. Eötvös University , Budapest)
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In the course of our m easurem ents o f the electrode potential in so lutions of 
constant ionic strength, the develop m en t and the possible calculation o f the diffusion  
potential has been studied for th e  case, when the m onovalent cation is rep laced up to 
about 50 per cent by hydrogen ion.

Assum ing that up to a certain  lim it the single a c tiv ity  and co n d u ctiv ity  coeffi
cients are constant, a relationship , form ally sim ilar to the equation o f H e n d e r s o n , 
has been deduced:

Ed 59.15 lop i l  +  h ■ Л,п’АВ )

where h is the total concentration o f the acid, and m the original concentration  o f the  
supporting electrolyte. It follow s from  our starting concept that is the equ iva
len t condu ctiv ity  o f the acid in the m molar supporting electrolyte (w h ich , though  
hypothetical, can be suitably m easured and calculated), and Am AB is the co n d u ctiv ity  
of the m  m olar supporting e lectrolyte.

W hen these values arc determ ined by independent conductiv ity  m easurem ents, 
a constant value (К ) is obtained for the fractional term  of the above equation  within  
the same system . The value o f th is constant (in un its o f M  ') was found to  he 1.819 
in 1.00 M  (K)C1; 10.86 in 0.20 M  (K)CI and 2.929 in 1.00 M (Na)ClO,.

The relationship was checked b y  potential m easurem ents, and w as found to  be 
valid up to the lim it m entioned, w hich, in the given case, represented an acid concentra
tion of 0.5 M.

One of th e  m ost im p o r ta n t m e th o d s  fo r th e  in v es tig a tio n  o f  chem ical 
eq u ilib ria  is b a sed  on th e  d e te rm in a tio n  o f e lec trode  p o te n tia ls  w ith  th e  
a id  o f various cells. W ith in  th is  scope, th e  m e asu rem en t o f th e  h y d ro g e n  ion 
co n cen tra tio n  w ith  system s o f v a r io u s  ty p e  is p e rh ap s  th e  m ost e ssen tia l.

D uring  th e  in v es tig a tio n  o f  e lec trode  p o te n tia ls , and  p a r t ic u la r ly  in 
t h a t  o f th e  la t te r  m en tio n ed  case, th e  p rob lem  o f th e  diffusion p o te n tia l  often  
arises, since th is  v a lu e  m ust be ta k e n  in to  co n sid e ra tio n  in th e  c a lc u la tio n  of 
th e  value  of th e  p o te n tia l:

E  -  E id +  E d (1)

w here  E  is th e  m e asu red  and  Ejd th e  th e o re tic a l e lec tro d e  p o te n tia l d iffe ren ce , 
w hile E d is th e  d iffu sion  p o ten tia l. B o th  values d ep en d  on th e  a c t iv i ty  o f  th e  
g iven  su b stan ce  in  th e  so lu tion . G en era lly , th e  o b jec tiv e  of th e  m e a su re m e n ts
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is th e  d e te rm in a tio n  o f  th e  w ell defined  Ejd v a lu e , how ever, th is  necessita te s  
th e  know ledge of th e  v a lu e  o f  Ed-

I n  general, i t  c a n  b e  show n  on th e  basis  o f  th e rm o d y n a m ic a l o r k in e tica l 
c o n sid e ra tio n s  [1, 2, 3] t h a t  d u rin g  th e  c o n ta c t o f  tw o  so lu tions th e  p o te n tia l

d E a =  - ^ 2 —  d l n a ‘ (2)F  ; Zj

is es tab lish ed , w here R ,  T  a n d  F  are th e  u su a l sy m b o ls  of th e  c o n s ta n ts , and  
rii, a n d  a,- are th e  t r a n s p o r t  num ber, c h a rg e  a n d  a c tiv ity , re sp ec tiv e ly , 
o f  th e  i- th  ion p assin g  th ro u g h  th e  in te rface .

T heore tically , th e  v a lu e  of th e  d iffusion  p o te n tia l  can  be  o b ta in e d  by  
th e  in te g ra tio n  o f E q . (2) w h ere  th e  lim its  o f  in te g ra tio n  are  g iven  b y  th e  
in i t i a l  a c tiv ity  of th e  tw o  so lu tio n s in  c o n ta c t (since  in  p rac tice  th e  ob jec tiv e  
is th e  ca lcu lation  o f  a  d iffu s io n  p o ten tia l co rre sp o n d in g  to  f in ite  d ifferences in  
c o n c e n tra tio n ) .

H ow ever, th e  s i tu a t io n  is rendered  v e ry  co m p lica ted  b y  th e  fa c t th a t  
b o th  tra n sp o r t  n u m b e r  a n d  a c tiv ity  are d e p e n d e n t on th e  c o n c e n tra tio n , and  
a ssu m p tio n s  should  b e  m a d e  on th e  s tru c tu re  o f  th e  in te rface  la y e r  a n d  its  
re v e rs ib ility  (or ir re v e rs ib il i ty ) .

W hen  in  f ir s t  a p p ro x im a tio n  th e  t r a n s p o r t  n u m b e r a n d  th e  a c tiv ity  
(e q u a l to  th e  c o n c e n tra tio n )  are  ta k e n  as c o n s ta n ts , th e re  shou ld  be m ade 
assu m p tio n s  only in  re s p e c t  o f th e  s tru c tu re  o f  th e  in te rfa c e  lay e r.

T h is  s tru c tu re  w as e x a m in e d  op tica lly  b y  S i t t e  [4], w ho show ed, as was 
to  b e  expected , t h a t  n o  sim p le  assu m p tio n s (a  co n tin u o u s tra n s i t io n  or a 
s h a rp  boundary ) a re  s t r ic t ly  tru e .

I t  follows t h a t  a  m easu rab le  and  re p ro d u c ib le  d iffusion  p o te n tia l  can 
be  en su red  only b y  a  v e ry  carefu l d ev e lo p m en t o f  th e  in te rface(s) a n d  only  
in  th e  case of cy lin d rica l sy m m e try , i.e. th e  sh a p e  o f th e  e lec trode  vessels is 
o f  g re a t im p o rtan ce  fro m  th e  v iew poin t o f th e  m e a su re m e n ts  [5].

T he n ex t p ro b lem  a rises  from  th e  s im p lif ic a tio n s  in v o lv ed  in  o u r a ssu m p 
tio n  th a t  our so lu tions a re  idea l ones. H o w ev er, d iscussions concern ing  th is  
p ro b lem  m ust be r e s t r ic te d  to  th e  system  w h ic h  is o f p r im a ry  in te re s t  to  
th e  cell

. i  J  (in X) M  A B  .
reference e lec tro d e  m M  A B  i m easu rin g  e lec trode

ж M  H B  b
l :  :

w h e re  A  is a m o n o v a le n t (a lk a li m etal) c a tio n , an d  В  a m o n o v a len t anion. 
( I t  sh o u ld  be m e n tio n e d  h e re  th a t  th e o re tic a lly  a  d iffusion  p o te n tia l  fo rm s also 
a t  th e  in terface: re fe re n ce  electrode — s a lt  b r id g e , how ever, th is  p o te n tia l 
m a y  be  tak en  as c o n s ta n t  a n d  has a very  low  v a lu e , so th a t  i t  can  be neglec ted
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in  com parison  to  th e  diffusion p o te n tia l  a t  th e  in te rface: sa lt b r id g e  — so lu 
tion .)

O ur sy stem  corresponds to  one o f  th e  lim it cases o f th e  H e n d e r s o n  
th e o ry : tw o e lec tro ly tes  of th e  sam e  c o n c e n tra tio n , co n ta in in g  m o n o v a le n t 
ions com e in to  c o n ta c t, and  o n e  o f  th e  ions (В ) is com m on. In  th is  case, 
H e n d e r s o n ’s e q u a tio n  for th e  d iffu sion  p o te n tia l  reads:

17 __  l  1 „  « / í 2 ~ Ь  « 0 2E d — — ■ Ш
^  «ftl +  «al

(3)

w here  u ,)C is th e  m o b ility  of th e  i - th  ion  in  th e  1st or 2nd so lu tio n . A ccord ing  
to  th e  a ssu m p tio n s  m ade in th e  d e d u c tio n  o f  th e  equation , u, c is th e  m o b ility  
o f  th e  ion  in  id ea l solutions, i.e. in  such  o f  in f in ite  d ilu tion . T h u s  E q . (3) will 
g ive on ly  for n e a r  ideal, i.e. s tro n g ly  d ilu te  so lu tio n s resu lts  a p p ro a c h in g  tho se  
found  e x p e rim e n ta lly  [5].

T ak in g  in to  consideration  th e  fa c t  t h a t  in  o u r so lutions o f  f in i te  d ilu tio n  
th e  v a lu e  o f u, c is o ther th a n  u, 0 •> an d  th e  eq u iv a len t c o n d u c ta n c e  o f  th e  
given so lu tion  is

—  u l<,c +  u a,c (4 )

the  L e w i s - S a r g e n t  [6] re la t io n sh ip  is o b ta in e d :

Í7 R T  x tE u =  — - —  In —í- .
F  Ai

( 5 )

T his re la tio n sh ip  ta k e s  in to  c o n s id e ra tio n  th e  in te rac tio n  b e tw een  th e  ions, 
because  l c is d e p e n d e n t also on th e  ion ic  s tre n g th  o f the  so lu tio n , a n d  on  th e  
o th e r  h a n d , in tro d u c e s  values, d e te rm in e d  se p a ra te ly  by  o th e r  m e th o d , in to  
th e  ca lcu la tio n  o f  th e  diffusion p o te n tia l .

B ie d e r m a n  a n d  Sillen  [7] e x a m in e d  on th e  basis o f E q . (3) o n e  case 
o f th e  system  m en tio n ed , in w h ich  m  M  A B  w as 3 M  NaC104, fro m  th e  p ra c 
tic a l p o in t o f view'. T hey  o b ta in ed  a re la tio n sh ip  sim ilar to  E q . (5) ( a t  25 °C)

E d =  — 59 .16  log  i l  +  — I
3000 j

(6)

w here h  is th e  c o n cen tra tio n  o f  p e rch lo ric  ac id , while th e  value o f  d  is given 
by th e  follow ing re la tio n :

-̂l К 10.1 ^NaCI04 

■̂ NaClOs
( 7 )
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P o te n tio m e trie  m e a su re m e n ts  re su lted  fo r  th e  v alue  of d 1.95 ^  0.08. 
w h ile  on th e  basis o f H e n d e r s o n ’s equa tion  th e  v a lu e  o f d, accord ing  to  th e ir  
c a lcu la tio n s , is 3.3.

T hese au th o rs  n e x t  in tro d u c e  s im p lific a tio n s  on th e  basis th a t

so th a t

d h
------- <ë 1 t
3000

ln  f l  +  —  — |  * t  — h .
3000 ] 3000

( 8 )

A ccord ing ly , E q . (6) w ill ta k e  th e  follow ing fo rm :

r , 59.16 d -h
E ri = ------------------------=  К  ■ h  =  0 .0 1 6 1 h

ln 10 3000
(9)

T h is re la tio n sh ip  (p ro v id ed  th a t  th e  c o n d itio n  in  E q. (8) is sa tisfied ) 
can  be used read ily  fo r  th e  p o ten tio m etric  d e te rm in a tio n  of th e  К  va lue , 
c h a ra c te r is tic  o f th e  d iffu sio n  p o ten tia l, since in  th is  case E q . (1) a t ta in s  th e  
s im p lified  form :

E '  =  A  log h +  K 'h  (10)

W h en  K '  is know n , th e  e q u a tio n  is su itab le  fo r  th e  ca lcu lation  of un k n o w n  
h v a lu es . Indeed , th is  e q u a tio n  is v e ry  o ften  u sed  fo r equilib rium  m e a su re 
m e n ts  in  so lu tions o f  c o n s ta n t  ionic s tre n g th .

T he fac t th a t  E q s  (3) an d  (6) — (7) do n o t  describe  th e  real s i tu a tio n  in 
c o n c e n tra te d  so lu tio n s, is e v id e n tly  due to  th e  c irc u m sta n c e  th a t  a ssu m p tio n s  
m ad e  in  connection  w ith  E q . (2) are no t c o rre c t.

S p i r o  [8] an d  C o v i n g t o n  [9] s tu d ied  sy s te m s  sim ilar to  o u r system  
m en tio n ed . B o th  a u th o rs  s ta r te d  from  th e  c o n s id e ra tio n  th a t  in E q . (2) th e  
a c t iv i ty  can no t be  s im p ly  rep laced  by  th e  c o n c e n tra tio n , b u t th e  a c t iv i ty  
coeffic ien ts  m ust also be  ta k e n  in to  accoun t. T h u s , th e  diffusion p o te n tia l can 
be d iv id ed  in to  tw o  p a r ts ,  one of w hich is d e p e n d e n t on th e  c o n cen tra tio n , 
a n d  th e  o th e r on th e  a c t iv i ty  coefficient:

E d =  (E d)m +  ( E d)j (11)

T he firs t te rm  g ives as so lu tion  th e  H e n d e rso n  eq u a tio n , as th e  s ta r t in g  
p o in t is iden tica l. T h e  c a lc u la tio n  of the  second  te rm

( 1 2 )
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n ecess ita te s  several co n sid e ra tio n s, on th e  basis  o f  w hich th e  a u th o rs  o b ta in e d  
a ra th e r  co m p lica ted  f in a l re su lt, w hich  h o w ev er, can  be han d led .

As concerns de ta ils , wc re fer here  to  th e  o rig in a l p u b lica tio n s , a n d  w ould 
like to  m en tio n  only t h a t  S p i r o  [8] d e a lt also from  th eo re tica l v ie w p o in ts  
w ith  th e  sy s tem  of B i e d e r m a n  an d  S i l l é n  [7]. In tro d u c in g  som e n eg lec tio n s 
and  a p p ro x im a tio n s , he o b ta in e d  in s te a d  o f  th e  m easu red  v a lu e  o f  —0.0167 
an d  th e  ca lcu la ted  va lu e  o f 0.0283 a v a lu e  o f  — 0.0233.

T h e  eq u a tio n  o f L e w i s —S a r g e n t  is n o t v a lid  e ith e r  in  all th e  cases: 
w ith  so lu tio n s  o f h igher c o n c e n tra tio n  th e  ch an g e  in  a c tiv ity  o ccu rrin g  in  th e  
b o u n d a ry  la y e r, w hich can  be ascribed  to  ion  asso c ia tion , m u st also b e  con
sidered . T h eo re tica l an d  p ra c tic a l a sp ec ts  o f  th is  p roblem  w ere e x a m in e d  
b y  B i a n c h i  et al. [10] in  d e ta il.

C onsidering  ou r cell I ,  w here th e  ion ic  s tre n g th  is th e  sam e th ro u g h o u t 
th e  sy s tem , an d  d isreg ard in g  w ith in  c e r ta in  lim its  th e  special ion  asso c ia tio n  
m en tio n ed  above , i t  m a y  be  assum ed th a t

/ a  =  c o n s ta n t f n  =  c o n s ta n t f n  =  c o n s ta n t (13)

■where с,- is th e  c o n c e n tra tio n .
(S ince th e  anion c o n c e n tra tio n  is c o n s ta n t th ro u g h o u t th e  sy s te m , i t  does 

n o t p a r t ic ip a te  in  th e  d ev e lo p m en t o f th e  d iffu sion  p o ten tia l.)
A cco rd in g  to  d e fin itio n , th e  tr a n s p o r t  n u m b e r n, is

О  /  - I r  \71, =  (15)
_  И ,  C ,

i

w here u, is th e  ionic m o b ility  o f th e  itli  ion  in  th e  so lu tion  o f g iv en  co n 
c en tra tio n .

O n in tro d u c in g  th e  n o ta tio n

« 1 = Л , / И | , 0  ( 1 6 )

where i is th e  c o n d u c tiv ity  coeffic ien t, i t  m a y  be also assum ed a t  c o n s ta n t  
ionic s tre n g th , th a t

f K j =  c o n s ta n t . (17)

S u b s ti tu t in g  th is  in to  th e  eq u a tio n  d e riv ed  for our case, we o b ta in : 

d E d I dc„ dcA \
——— — — 71H ---------b nA ------  (14)

к { c a  cA
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R e su b s titu tin g  th e se  v a lu es  in to  E q . (14), th e  follow ing re la tio n  is o b 
ta in e d  a f te r  in te g ra tio n  fo r th e  d iffusion p o te n tia l :

E d =  -  59.15 log У “ " ~  " л ) + ' » К  +  “ ») . (18)
т (м л  +  ив )

S ince
ЫЛ +  U s  =  ^ш ,Л В

a n d  (19)

иН — иА ~  (и Н +  Ив) — (иА +  и в)  — ^т,НВ — Ат,АВ

f in a l ly ,  a re la tio n , fo rm a lly  com plete ly  s im ila r to  th e  H e n d e r s o n ’s e q u a tio n  
(a n d  u se d  also b y  B i e d e r m a n  an d  S i l l é n ) is o b ta in e d :

E d = — 59 .15 l g i l  4—  ------Xm'HB ~  Xm'AB (20)
m  A m , A B

w h ere  o n ly  th e  d e fin itio n  o f  Ат ,нв d iffers fro m  th e  usual: AWih b  being the 
equivalent conductance o f  the given acid in  the solution m M  A B  (an d  i t  is 
n o t  e q u a l to  th e  e q u iv a le n t co n d u c tan ce  o f m  M  a c id ) .( I t  goes w ith o u t say in g  
t h a t  Ащ'Ав is th e  e q u iv a le n t co n d u c tan ce  m easu red  in  th e  m  M  A B  so lu 
t io n .)  S ince these  (an d  m) a re  c o n s tan t w ith in  one system , ou r E q . (20) is 
f u r th e r  sim plified  to

E d =  - 5 9 .1 5  log (1 +  K h ) . (21)

S u b s titu tin g  th is  exp ression  in to  E q . (1) w e o b ta in

E '  — 59.15 log h — 59.15 log (1 - f  K h )  =  59.15 log (22)
1 - f  K h

T h is  re la tio n  can be v e ry  easily  hand led  (w hen К  is know n) for h (the  h y d ro g en  
io n  c o n c e n tra tio n  to  be d e te rm in ed ). M oreover, i t  w ill he seen th a t  (ex cep t 
fo r  th e  in te rp re ta tio n  o f th e  designations) E q . (9) ac tu a lly  is a lim it  case 
o f  E q . (22).

T h eo re tica lly , E q . (21) is also su itab le  fo r th e  ca lcu la tion  o f К  on th e  
b a s is  o f  p o te n tio m e tr ic  m easu rem en ts . H o w ev er, th is  ap p ro ach  is n o t reco m 
m e n d e d , as th e  p ro b lem  can  be  solved m u ch  ea s ie r an d  m ore a c c u ra te ly  b y  
c o n d u c tiv i ty  m easu rem en ts .

T h e  p rocedure  is as follow s: th e  specific  co n d u c tan ce  o f th e  m  M  A  B  
s o lu tio n  is m easu red , a n d , t i tra tio n -lik e , p o r tio n s  of m  M I I B  so lu tio n  are  
a d d e d  to  i t .  As long as o u r  assu m p tio n s (E q s  (13) an d  (17)) are  v a lid , th e  
p lo t t in g  o f  th e  c o n d u c tan ce  values m easu red  a g a in s t th e  [HB]  v a lu es  w ill 
g iv e  a s tra ig h t line.
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Since th e  sp ec ific  c o n d u c tiv ity  o f m  M  A B  ( к a b ) is  k n o w n , for each 
(m  — [H A]) M  p o in t th e  p a r t  due  to  i t  can  he ca lcu la ted , a n d  th u s ,  th e  con
d u c tiv i ty  co rresp o n d in g  to  th e  acid  (Xhb) can  be o b ta in ed  fro m  th e  specific 
c o n d u c tiv ity  m easu red  (*meas):

Х Н В  — *теа„. ~  XA B  '  ÇA B  ■ (23)

F ro m  th e  sp ec ific  co n d u c tiv itie s  th e  eq u iv a len t c o n d u c tiv it ie s  are ob
ta in e d  w ith o u t a n y  fu r th e r  d ifficu lties.

O u r m easu rem en ts  w ere m ade on 1.0 M  and  0.2 M  KC1 a n d  1.0 M  
N aC104 system s. I n  o u r  in v e s tig a tio n s  th e  m e ta l ions w ere  re p la c e d  up to 
a b o u t 50 per c en t b y  h y d ro g en  ions.

F o r our m e a su re m e n ts , reag en ts  p u rified  and  ch eck ed  v e ry  carefully 
w ere u sed . The c o n d u c tiv i ty  w as d e te rm in ed  w ith  a R a d io m e te r  M odel CDM 2d 
in s tru m e n t. On th e  b as is  o f  th e  values o b ta in e d  w ith  th is  in s tru m e n t ,  th e  valid
i ty  o f  E q . (21) w as checked  w ith  a R ad e lk is  M odel O P  205 in s tru m en t. 
A glass e lectrode R ad e lk is  O P/711 — 1/A w as used as m e a su r in g  electrode, 
an d  th e  reference e lec tro d e  w as an  Ag/AgCl electrode p re p a re d  su ita b ly  [11], 
w h ich  d ipped  in to  a p o tass iu m  ch lo ride  so lu tion  o f su ita b le  co n cen tra tion  
s a tu ra te d  w ith  s ilv e r ch lo ride , o r in to  a 0.99 M  NaC104 so lu tio n , 0.01 m olar 
w ith  re sp ec t to  N aC l. T h e  design of th e  w hole reference e le c tro d e  (com prising 
also th e  sa lt b ridge) w as o f  th e  W  — J  ty p e  [7, 12]. A cco rd in g  to  o u r experi
ences, th is  ty p e  en su re s  th e  sy m m etry  req u irem en ts  co n ce rn in g  th e  boundary  
lay e r.

F rom  th e  c o n d u c tiv itie s  m easu red  th e  values Am a b i  Am , H B i

К  ■ m =  ..Л я . н в - * т , л в |, (24)
^ m , A B

an d  К  h av e  been c a lc u la ted .
T hese К  v a lu e s  w ere used  in E q . (22), a f te r  som e tra n s fo rm a tio n :

E 0 =  £mea>. -  59.15 log (25)
1 -f- A/z

in th e  in v es tig a tio n  o f  th e  dependence  o f  th e  electrode p o te n tia ls  on [ЕГ+]. 
T h e  E 0 values w ere c a lc u la ted  also w ith o u t ta k in g  in to  a c c o u n t o f  th e  diffusion 
p o te n tia ls :

EÓ =  J W  -  59.15 log h. (26)

To illu s tra te  ou r re s u lts ,  th e  tw o  series o f  E 0 and  E'0 v a lu es  in  dependence 
on h, m easured  in  1 M  N aC104 so lu tio n , a re  show n also g ra p h ic a lly  (Fig. 1), 
w hile  o u r  resu lts a re  com piled  in  th e  fo llow ing tab le :
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Table I

S y s te m  investiga ted 1 .00  A f (K)C1 0.20 M  (K)C1 1.00 M (N a)C 104

C o n d u c tiv ity  m easurem ents:

N u m b e r  o f poin ts 26 22 27

U m a x 0.51 iVf 0.10 M 0.38 M

hmaxfm 0.51 0.50 0.38

315 .2  ohm " 1 cm-’ 391.4 o h m  1 c m 2 315.9 ohm 1 c m 2

Am, A B 111.8  o h m -1  cm 2 123.4 o h m -  1 c m 2 80.4 ohm - 1 cm'-

К  • m 1.819 2.172 2.929

к 1.819 M ~ 1 10.86 M -1 2.929 M  l

E le c tro d e  p o ten tia l

m e a su re m e n ts  :

N u m b e r  o f poin ts 35 32 28

A m ax 0.52 M 0.104 M 0.55 M

hmaxlm 0.52 0.52 0.55

Ed, m a x 17.066 mV 19.30 m V 24.52 mV

F-o 4 7 4 .0 , mV 424.5, m V 345.7, mV

°  E„ 0.04  mV 0.09 mV 0.07 mV
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T he tab le  a n d  th e  d iagram  (th e  o th e r  tw o  cases show  a s im ila r co u rse), 
c learly  d e m o n s tra te  th a t  re la tio n s (19), (20), (21), deduced  on th e  b a s is  of 
th e  a ssu m p tio n s  m ad e  in E qs from  (13) to  (17), a re  va lid  w ith in  w ide  lim its , 
up to  a su b s ti tu t io n  of 50 per cen t o f th e  m e ta l ions. T hus, for th e  case  o f  ou r 
cell I ,  th e  v a lid i ty  o f  th e  assu m p tio n s (13) a n d  (17) could he p ro v e d . T h is 
how ever, m eans b o th  th eo re tica lly  an d  p ra c tic a lly  a considerab le b ro a d e n in g  
o f th e  sphere  o f  sy stem s w hich can be in v e s tig a te d .

i t  shou ld  be  m en tio n ed  f in a lly  th a t  we tr ie d  to  ex trap o la te  o u r  re su lts  
to  th e  re su lt o b ta in e d  b y  Biederman and  Sillén [7] in  3 M  (N a)C 104 so lu 
tio n . A ccord ing  to  o u r ca lcu la tions, th is  v a lu e  is —0.0179, and  is s till  c loser 
to  —0.0167, th e  v alue  m easured , th a n  th e  v alue  ca lcu la ted  b y  S p i r o  

( - 0 .0 2 3 3 )  [8].
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POLAROGRAPHIC INVESTIGATION 
OF CYTOSTATIC MANNITOL DERIVATIVES, IV

Л K IN E T IC  IN V E S T IG A T IO N  O F  T H E  R E A C T IO N S  O F  D E G R A N O L

B .  J Á M B O R
(Institu te  fo r  Plant Physiology, L . Eötvös University, Budapest) 

R eceived  J u n e  26, 1968

T he m ech an ism  of th e  conversion  o f  D egrano l in to  e th y len e im in o  co m pounds, 
a n d  th e  in flu en ce  o f th e  ex p erim en ta l co n d itio n s on  th is  conversion  h a v e  b een  in v e s ti
g a ted , an d  th e  follow ing re su lts  o b ta in e d :

1. A t p H  <  6, p re d o m in a n tly  th e  m on o eth y len e im in o  d e r iv a tiv e  is form ed 
a t  25 °C. T h is co m p o u n d  does n o t give th e  w ave p ro d u ced  by  th e  bis d e r iv a tiv e . In  a 
few  hours, i t  r e a c ts  w ith  th io su lfa te , to  y ie ld  a  co m p o u n d  giving rise  to  a  re a d ily  e v a lu 
ab le  w ave. T h e  co m pound  form ed in th e  re ac tio n  o f th e  b is-e th y len c im in o  d e riv a tiv e  
w ith  th io su lfa te  gives a w ave w hich  is tw ice  as h igh  as th e  form er.

2. A t p H  <  6, th e  cy c liza tio n  o f th e  second  e th y lam in o  g ro u p  p ro ceed s very  
slow ly. A t h ig h e r  p H  v a lu es, co m p le te  cy c liza tio n  o f th e  m ono eth y len e im in o  co m pound  
tak e s  p lace  re a d ily . In  a  so lu tio n  h a v in g  a  p H  a d ju s te d  in itia lly  to  a h ig h e r  va lue  
(e.g., p H  8), th e se  tw o step s do n o t  se p a ra te .

3. In  a n  ionic  e n v iro n m en t s im ilar to  t h a t  o f  b lood, D egranol re a c ts  a t  37 °C 
w ith  h y d ro c a rb o n a te  to  y ield  p re d o m in a n tly  an  in ac tiv e  oxazo lidone c o m p o u n d . O nly 
a b o u t 10 to  15%  is cyclized.

4. C yclization  is h in d ered  b y  b u ffe rs  p re se n t in  h igh  co n ce n tra tio n s , b u t  th e  
c leavage o f ch lo rin e  is decreased  on ly  v e ry  s lig h tly , o r n o t a t  all. S o d iu m  su lfa te  has 
no effect.

5. In  th e  p resence o f t r iv a le n t  b u ffe rs , th e  cycliza tion  o f fresh ly  d isso lved  
D egranol b eg in s on ly  a f te r  a c e rta in  “ in d u c tio n  p e rio d ” . T he len g th  o f th is  period  
dep en d s on  th e  n a tu re , co n ce n tra tio n , e tc ., o f th e  buffer.

6. T h e  c o n ce n tra tio n  o f D egrano l h a s  p ra c tic a lly  no in fluence  on  th e  p e rcen tag e  
re ac tio n  ra te ,  as show n b y  m easu rem en ts  e ith e r  o f th e  cycliza tion  o r th e  c leavage  
o f halogen.

In  our ea rlie r co m m u n ica tio n s [1 — 3] th e  p o la ro g rap h ic  b e h a v io u r  of 
th e  e th y len e im in o  d e riv a tiv e s  o f D egrano l (I a n d  II) an d  o f th e  com p o u n d  
fo rm ed  from  D eg ran o l (III) in  s lig h tly  a lk a lin e  m ed ium  has b een  s tu d ie d . 
I t  has been  found  th a t  in  all th re e  cases a red u c tio n  w ave co rre sp o n d in g  to  
th e  u p ta k e  of fo u r e lec trons is p ro d u ced , w h ich  ex h ib its  a s ligh t k in e tic  c h a r 
a c te r . As th e  p rin c ip a l o b jec t o f th e  above  in v e s tig a tio n s , i t  cou ld  also  be 
e s tab lish ed  th a t ,  u n d e r  th e  g iven  co n d itio n s, D egrano l gave th e  co rresp o n d in g  
e th y len e im in o  co m p o u n d  (II).
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T h e o b jec t o f o u r p re se n t in v es tig a tio n  w as th e  s tu d y  of th e  conversion 
o f D eg ran o l as a fu n c tio n  o f  tim e , and  to  e s ta b lish  th e  effect of th e  p H , th e  
n a tu re  an d  th e  c o n c e n tra tio n  of th e  b u ffe r, and  o f  o th e r ex p e rim en ta l co n 
d itio n s  on th e  re a c tio n . O u r m ain  p u rp o se  w as to  c larify  th e  course o f th e  
re a c tio n  u n d e r co n d itio n s  sim ilar to  physio log ica l c ircum stances.

E x p erim en ta l part an d  d iscussion o f the resu lts

1. Materials and  methods. In  general, th e  m e th o d s  and  m ate ria ls  described  
in  o u r ea rlie r co m m u n ica tio n s  have  been u sed  [1 — 3]. M oreover, th e  q u a n t i ty  
of h a lo g en  sp lit o ff in  th e  reac tio n  III —>- II w as also m easu red  b y  th e  well 
kn o w n  m e th o d  o f V o l h a r d . B esides th e  p h o sp h a te  b u ffe r used  in  th e  earlie r 
ex p e rim e n ts , h y d ro c a rb o n a te , b o ra te , c itra te  a n d  a c e ta te  buffers w ere used, 
fu r th e r  n o n -b u ffe red  so d ium  su lfa te  so lu tio n  (a d ju s te d  w ith  N aO H ), an d  
fin a lly , th e  reac tio n  w as also s tu d ied  in  a so lu tio n  w hich  h ad  a com position  
s im ila r to  th e  ionic co m p o sitio n  of blood:

N aHCOg 0 .2 %
N aCl 0 .25%
K Cl 0 .15%
СаС12 0 .02%
MgClo • 6H 20  0 .03%
P h o sp h a te  b u ffe r 10 ~2 M

T h e  te m p e ra tu re  o f  th e  reac tio n  so lu tio n  w as m a in ta in e d  a t  25 an d  37 °C, 
re sp ec tiv e ly . In  p lo tt in g  th e  w ave h e ig h ts , p e rcen tag e  values w ere g iven  
in s te a d  o f th e  co rresp o n d in g  values of th e  c u rre n t, ta k in g  th e  w ave h e ig h t 
of th e  sy n th e tic  e th y len e im in o  com pound  (II) o f id en tica l c o n c e n tra tio n  
as 100% .

2. The progress in  time o f  the cyclization reaction. F irs t, th e  conversion  
of D eg ran o l (III) in to  II w as exam ined  in  p h o sp h a te  b u ffe r (0.025 M ) a t 25 °C
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an d  various p H  v a lu es . W e w ished to  c larify  in  th is  w ay  th e  basic  ch a rac te r
is tic s  o f th e  reac tio n  in  a sim ple sy stem , and  to  s tu d y  th e  e ffec t o f  physiological 
co n d itio n s  su b seq u en tly . T he D egrano l co n cen tra tio n  w as 10 ~3 M  during 
th e  reac tio n s in  w h ich  th e  sp lit t in g  o ff o f th e  halogen w as s tu d ie d , to  ensure 
h e reb y  accu ra te  re su lts  in  th e  Y o lh ard  t i t r a t io n . T he sam p les  fo r po la rog raphy  
w ere w ith d raw n  a t  g iven  in te rv a ls  from  th is  so lu tion , in o rd e r  to  s tu d y  the 
d ev e lo p m en t o f th e  e th y len e im in o  w ave.

Figs 1 and  2 give th e  q u a n ti ty  o f th e  halogen in  c o v a le n t bond  split 
o ff as a function  o f tim e , in  so lu tions a d ju s te d  to  p H ’s b e tw een  5 an d  9. For 
pH  6 an d  8, Fig. 2 show s th e  progress of cycliza tion  b o th  on th e  basis of 
th e  ethy leneim ino  w ave, an d  th e  po larogram  o f th e  c o m p o u n d  form ed w ith 
th io su lfa te . F rom  th e se  figu res, th e  follow ing can be e s ta b lish e d :

(a) a t pH  )> 7, th e  to ta l  halogen is sp lit off d u rin g  a reac tio n  tim e 
o f 24 hours,

(b) a t pH  <7 6, th e  re a c tio n  proceeds on ly  p a r tia lly : a t p H  6, th e  curve 
seem s to  have a lim it v a lu e  a t  a b o u t 5 0 % , and  a t pH  5 a t  a b o u t 1 5 % , sim ilarly  
to  th e  tim e curves o f e q u ilib riu m  reactions.

I t  is ev id en t on th e  basis o f  th eo re tica l co n sid e ra tio n s  t h a t  the  cycliza
tio n  o f th e  f irs t h a lo g en e th y lam in o  group o f D egranol p ro b a b ly  requires 
a sm aller a c tiv a tio n  en e rg y  th a n  th e  reac tio n  o f th e  second  su ch  g roup . M ore
o ver, i t  is reasonab le  to  p resu m e  th a t  th e  d e riv a tiv e  c o n ta in in g  one e th y len e
im ino  ring  (fu rth e r  on : IV) is m ore s tab le  th a n  II . P ro b a b ly , th is  m ay  he of 
im p o rtan ce  also from  th e  asp ec t o f to x ic ity .

(c) A t h igher p H  v a lu es , th e  developm ent o f b o th  k in d s  o f  w aves rem ains 
on ly  s ligh tly  b eh in d  th e  cu rv e  rep re sen tin g  th e  e lim in a tio n  o f  th e  halogen, 
w hile a t  p H  6 th e  e th y len e im in o  w ave h e ig h ts  a m o u n t o n ly  to  h a lf  o f the 
h e ig h t o f  th e  halogen  cu rv e . On th e  o th e r h an d , th e  w av e  h e ig h t o f th e  coin-

Acta Chim. Acad. Sei. Hung. 63, 1970

Fig.  1. Tim e curves o f cleavage of chlorine at 25 °C; 10 3 M  III in 0.025 M  phosphate buffer 
of various pH ’s. Ordinate: covalent chlorine split off, in percentage o f  th e  fina l value
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F ig .  2 .  T im e  curves of th e  c y c liz a tio n  re a c tio n  a t  25 °C. T he sp li tt in g  o ff o f  co v a len t chlorine 
(C l-  ), t h e  h e ig h t of th e  e th y le n e im in o  w av e  (E l) , and  th e  w av e  o f  th e  sam ples w ith d raw n  
d u r in g  cy c liza tio n , a fte r th e ir  r e a c t io n  w ith  th iosu lfa te  (S20 § - ). F o r  th e  ex p erim en ta l con
d itio n s , see F ig . 1. O rd ina te : Cl- , E l  a n d  S20§ - , in  p e rcen tag e  o f th e  th eo re tic a l fin a l value

p o u n d  fo rm ed  w ith  th io s u lfa te  is  fa irly  close to  th e  h a lo g en  curve. T h is fac t 
also in d ic a te s  a d ifferen t r e a c t io n  m echan ism : a t  p H  6, a considerab le  p a r t  of 
th e  h a lo g e n  is sp lit off u n d e r  c o n d itio n s  w here scarce ly  a n y  com p o u n d  giving 
an  e th y len e im in o  w ave is fo rm e d , an d  p resum ab ly , a p a r t  ev en  o f th is  sm all 
q u a n t i t y  is sp lit by  h y d ro ly s is . T h is la t te r  fa c t seem s to  be  su p p o rted  by  
f in d in g s  rep o rted  in  o u r e a r lie r  com m unications [2], [3 ], acco rd ing  to  w hich 
th e  w a v e  h e igh t of I I  d im in ish e d  on stand ing  in  so lu tio n , p a r tic u la r ly  a t  low 
p H  v a lu e s . The prob lem , w h ic h  o f  these a lte rn a tiv e s  is  v a lid  for o u r case, 
is a n sw e re d  b y  th e  re a c tio n  c u rv e  m easured  b y  m ean s o f  th e  w ave o f th e  th io 
su lfa te  com pound  in  F ig . 2. I n  slig h tly  acid  m ed iu m , m o s tly  a com pound 
c o n ta in in g  only  one e th y le n e im in o  group is fo rm ed , w h ich , how ever, does 
n o t  g iv e  rise  to  an e th y le n e im in o  w ave; on th e  o th e r  h a n d , its  re a c tio n  p ro d u c t

PH
F ig .  3 .  E f fe c t  o f th e  p H  an d  r e a c tio n  t im e  on  th e  h e igh t o f th e  e th y le n e im in o  w ave. 5.10 1 M  
I I I , a f t e r  s ta n d in g  in 0.025 M  p h o s p h a te  buffers of va rio u s p H  fo r  6, 24 a n d  48 h o u rs , respec
t iv e ly ,  a t  25 °C. A fter s tan d in g , t h e  p o la ro g ram s were re co rd e d  w ith  10- 4  M  I I I  in 0.025 M

p h o s p h a te  buffer (p H  6)

A cta  Chirn, Acad. Sei. Hung. 63, 1970
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w ith  th io su lfa te  gives th e  sam e w ave as th e  th io su lfa te  com pound  o f II, only 
th e  w ave is low er. T h is in d ic a te s  th a t  th e  com pound  u n d e r in v e s tig a tio n  is 
d iffe ren t from  II. still i t  c o n ta in s  one e th y lene im ino  ring . H e rew ith , th e  fo r
m a tio n  of th e  m o n o e th y len e im in o  d e riv a tiv e , IV, in  s lig h tly  acid m ed iu m  can 
be  reg a rd ed  as p ro v ed .

F ig . 3 show s th e  h e ig h t o f th e  e th y lene im ino  w ave as a fu n c tio n  of 
th e  p H , on th e  basis o f  p o la ro g ram s reco rded  a f te r  a cy c liza tio n  reac tio n

pH

F ig .  4 . T he sp littin g  o ff o f c o v a len t ch lo rin e  as a fu n c tio n  o f th e  p H  and  the  re ac tio n  tim e. 
(F o r  cond itions, see F igs 1 a n d  3, d a ta  o f w hich w ere o b ta in e d  in iden tica l ex p e rim e n ts)

o f 6, 24 and  48 hours, re sp ec tiv e ly . I t  can be estab lish ed  on th e  basis  o f  th is  
f ig u re  th a t :

(a) In  a so lu tion  w hose p H  is a d ju s te d  to  8 — 9, th e  w ave h e ig h t a t ta in s  
its  m ax im u m  v alue  w ith in  6 h ou rs w hile a t  p H  6, even  a fte r  48 h o u rs , only  
a b o u t 50%  o f th e  th e o re tic a l w ave h e ig h t is a tta in e d .

(b) T he curve  c o rre sp o n d in g  to  a reac tio n  tim e  o f 48 hours seem s to  be 
an o m al, as com pared  w ith  th e  cu rv es  for 6 or 24 h o u rs: a t  a p H  h ig h e r th a n  7, 
it lies low er th a n  th e  24 -hour c u rv e , obv iously  ow ing to  h y d ro ly tic  rin g  sp lit t in g  
as m en tio n ed  above. On th e  o th e r  h an d , below  p H  7 it  lies above th e  2 4 -hour 
c u rv e . T h is effect has n o t been  in v es tig a ted  in  d e ta il.

(c) The in fluence  o f th e  p H  on th e  reac tio n  can be expressed  w ith  th e  
in flex ion  p o in t o f th e  cu rves. W ith  a reac tio n  o f 6 ho u rs , th is  v a lu e  occurs 
a t  a b o u t pH  7.2, an d  w ith  a re a c tio n  o f 24 hours a t  a b o u t p H  6.6. In  th e  case 
o f th e  48 -hour cu rve, due to  its  anom alous c h a ra c te r  m en tio n ed , th e  e s ta b lis h 
ing of th e  in flex ion  p o in t is m eaningless.

T h e  halogen values co rresp o n d in g  to  F ig . 3 are  show n in F ig . 4 . T he 
fo llow ing  m ain  conclusions m a y  be d raw n :

(a) The m ax im um  va lu e  o f  th e  curves is 100% , since th e  q u a n t i ty  of 
halogen  sp lit o ff is n o t lim ite d  b y  th e  h y d ro ly tic  sp littin g  of th e  ring .

7 Acta Chim. Acad. Sei. Hung. 63, 1970
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(b) F o r the  sam e re a so n , th e  48-hour cu rv e  does n o t ex h ib it an  anom alous 
c h a ra c te r .

(c) T he in flex ion  p o in ts  o f  th e  curves are  sh ifted  to w ard s ac id  regions, 
as c o m p a re d  w ith  F ig . 3. T h e  in flex ion  p o in t occu rs a fte r  6 h ou rs a t  p H  6.5, 
a n d  a f te r  a reaction  o f  24 h o u rs  a t pH  6.1. T h is  sh if t is in  good accordance  
w ith  t im e  curves show n in  F ig . 2, w here in  s lig h tly  acid  m ed ium  th e  degree 
o f  h a lo g e n  sp litting  c o n s id e ra b ly  exceeds th e  fo rm a tio n  o f th e  ethy leneim ino  
w av e .

F ig .  5 .  T im e curves o f th e  c y c liz a tio n  reac tion  a t  37 °C. 10“ 3 M  I I I  s ta n d in g  in  0.025 M  
p h o s p h a te  buffer (pH  7.4 a n d  6 .5 , re sp ec tive ly ). W av e  h e ig h ts  o f th e  E l  p o laro g ram s o f sam ples, 
w i th d ra w n  afte r various p e r io d s  o f  stan d in g , an d  th e  a m o u n t o f co v a len t ch lo rine  sp lit off 
in  p e rc e n ta g e  of th e  th e o re tic a l  v a lu e  (10-4  M ;  0.025 M  p h o sp h a te  b u ffe r; p H  6; 25 °C)

T h e conversion o f  D eg ran o l was also s tu d ie d  u n d e r co n d itions m ore 
s im ila r  to  physio logical co n d itio n s . Fig. 5 show s th e  halogen  sp lit t in g  an d  th e  
d e v e lo p m e n t of th e  e th y le n e im in o  w ave as a fu n c tio n  o f tim e , w hen  th e  
re a c t io n  proceeds a t  37 °C in  0.025 M  p h o sp h a te  b u ffe r w hose p H -v a lu e  has 
b e e n  a d ju s ted  to  7.4 a n d  6 .5 , respective ly . T h e  follow ing conclusions can 
b e  m a d e :

(а) The m ax im um  w av e  heigh t is a t ta in e d  in  ab o u t 6 hours (80 and  65% , 
re sp e c tiv e ly ); a fte r th is ,  th e  w ave heigh t d im in ish es  rap id ly .

(б) A t a p H  v a lu e  o f  7.4, ch a rac te ris tic  o f  b lood, th e  sp littin g  off of 
th e  halogen  occurs to  1 0 0 %  as soon as a f te r  4 h o u rs , w hile a t  p H  6.5 100%  
c le a v a g e  is no t a t ta in e d  e v e n  a fte r 24 h o urs.

(c) The “ h a lf- tim e ”  o f  halogen cleavage is a b o u t 30 m in u te s  an d  3 hours, 
re sp e c tiv e ly . I t  can  be  e s tab lish ed , th e re fo re , th a t  in  th e  physio logical pH  
ra n g e  th e  reaction  r a te  is s tro n g ly  affected  b y  th e  p H  of th e  m ed ium . P ro b ab ly , 
th e  selective effect o f  D eg ran o l on cancerous tissues is to  he ascribed  to  
th i s  fac t.

3. Effect o f  hydrocarbonate. The in v e s tig a tio n s  on th e  re a c tio n  m echanism  
d iscu ssed  so fa r w ere c a r r ie d  o u t in  p h o sp h a te  b u ffe r  so lu tions, to  avo id  com plex

A cta  Chim. Acad. Sei. H ung . 63, 1970
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side effects. H ow ever, D egrano l is a d m in is te red  b y  th e  in tra v e n o u s  ro u te  and  
as it  is know n b lood  c o n ta in s , besides o th e r  ions, h y d ro c a rb o n a te  in  23 m M  
co n cen tra tio n . I t  w as show n on tru e  n itro g en  m u s ta rd s  [4 — 6] th a t  th e  halo- 
gene th y lam in o  g ro u p  re a c te d  w itli h y d ro c a rb o n a te  to  give an  oxazolidone 
w hich had  no c y to a c tiv ity . H y d ro c a rb o n a te  does n o t re a c t w itli th e  cyclic 
com pound . T h u s , a g rea t p a r t  o f th e  n itrogen  m u s ta rd  in tro d u c e d  in to  th e  
blood becom es ineffec tive. T h is effect becom es still m ore p ro n o u n ced  owing

h

F ig . 6. T he course o f th e  reac tio n  in th e  ionic en v iro n m en t o f b lood. 10 3 M  I I I ,  a f te r  s tan d in g  
a t  37 °C for va rio u s tim es  in  a so lu tion  of an  ionic com position  s im ilar to  t h a t  o f blood a t  
p H  7.4 and  6.5, re sp ec tiv e ly . O rd in a te : halogen sp lit off, a n d  th e  w ave h e ig h ts  o f  th e  sam ples 

a fte r  re ac tio n  w ith  th io su lfa te , in percen tag e  o f th e  th eo re tica l v a lu e

to  th e  fa c t th a t  b lood  c o n ta in s  an enzym e c a ta ly z in g  th is  reac tio n  [7], increasing  
its  ra te  to  severa l tim es  o f th e  no rm al value.

F o r th is  reaso n , th e  effect o f h y d ro c a rb o n a te  on D egrano l has been 
in v es tig a ted  in  d e ta il. T hese  in v es tig a tio n s  in v o lv ed  also th e  s tu d y  o f the 
reac tio n  in th e  p resence  o f th e  o th e r ino rgan ic  ions c o n ta in e d  in  b lood. Fig. 6 
show s th e  degree o f  halogen  sp littin g  a t  37 °C, a t  p H  va lu es  c h a ra c te ris tic  
o f  blood and  o f cancerous tissues (7.4 an d  6.5, re sp ec tiv e ly ) in a so lu tion  
h av in g  an  ion co m position  co rrespond ing  to  th a t  o f b lood. T he tim e  requ ired  
for th e  cleavage o f  50 %  o f th e  halogen is a b o u t 12 m in u te s  in  th e  f irs t  case, 
and  ab o u t 30 m in u te s  in th e  second. In  p h o sp h a te  b u ffe r c o n ta in in g  no h y d ro 
c a rb o n a te , th ese  tw o values w ere found  to  be 30 m in u te s  an d  3 hou rs  (Fig. 5). 
In  th e  presence o f h y d ro c a rb o n a te , th e  sp littin g  o ff o f th e  w hole q u a n ti ty  of 
halogen req u ired  one an d  tw o hours, respective ly .

T h is show s th a t  th e  reac tio n  w ith  h y d ro c a rb o n a te  p roceeds also w ith  
D egrano l, and  m oreover, a t  such  a h igh ra te  th a t  th e  cyc liza tio n  reac tio n  m ay 
tak e  p lace on ly  to  a v e ry  sm all e x te n t. T he assum ed  schem e o f th e  reaction  
betw een  D egranol an d  h y d ro c a rb o n a te  is th e  follow ing:

7* Acta Cliim. Acad. Sei. Hung. 63 , 1970
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T h e  n e x t problem  w as to  e s tab lish  to  w h a t degree th e  re a c tio n , used  as 
th e  b a s is  o f th e  tim e cu rv es o f  ha logen  sp littin g  show n in F ig . 6, proceeds in 
th e  d ire c tio n  leading to  th e  fo rm a tio n  of oxazo lidone, or in t h a t  y ield ing 
e th y le n e im in o  groups. S im u lta n e o u s ly  w ith  th e  m easu rin g  of th e  halogen 
p o la ro g ra m s  were o b ta in e d  fo r  b o th  solu tions. H ow ever, th e  ap p e a ra n ce  of 
th e  w a v e , cha rac teris tic  o f  th e  e th y lene im ino  g ro u p , cou ld  n o t be  observed . 
T h e re fo re , th e  la tte r  e x p e r im e n t w as rep ea ted  w ith  th e  d ifference t h a t  th e  
sa m p le s  ta k e n  a t  in te rv a ls  w ere  f i r s t  reac ted  w ith  th io su lfa te , an d  su b seq u en tly  
p o la ro g ra p h e d . As i t  can  b e  seen  from  th e  tw o low er cu rves in  F ig . 6, a w ave 
c o rre sp o n d in g  to 10 an d  1 4 % , resp ec tiv e ly , of th e  th eo re tica lly  possib le m ax i
m u m  v a lu e  could be m e a su re d .

4 . Form ation o f  the m onoethyleneim ino derivative. A fte r  th e se  ex p erim en ts  
i t  w as s till  an  open q u es tio n , w h e th e r  th is  w ave o f a b o u t 10%  w as in d ica tiv e  
o f  th e  m ono- or b is -e th y len e im in o  d eriv a tiv e . T he lack  o f  th e  w ave ch a rac 
te r is t ic  o f  th e  ethy leneim ino  g ro u p  appears to  in d ic a te  th e  m ono d e riv a tiv e . 
H o w e v e r , th e  possib ility  m u s t  be ta k e n  in to  co n sid e ra tio n  th a t  th e  bis d e riv 
a t iv e  m ig h t be p resen t, b u t  i ts  v e ry  low e th y len e im in o  w ave is p ro tra c te d  
a n d  c a n n o t he observed  on  th e  po la ro g ram . On th e  o th e r  h an d , th e  w aves of 
th e  th io su lfa te  com pounds, as  m en tio n ed  a lread y , are  steep , a n d  therefo re , 
c a n  b e  read ily  observed  ev en  a t  sm all w ave he ig h ts .

F ig . 7 shows th e  re a c tio n  o f com pound IV (w hich  has s to o d  a t  p H  6 
a n d  lo s t ab o u t ha lf o f its  h a lo g en  c o n ten t), a t 37 °C in  a so lu tio n  a t  p H  7.4. 
T h e  sp li t t in g  off of h a lo g en , th e  ethy leneim ino  w av e  an d  th e  w ave of th e  
p ro d u c t  o f  th e  reac tio n  w ith  th io su lfa te  have been  ex am in ed  over 6 hours. 
T h e  so lu tio n  ad justed  to  p H  7 .4  co n ta in ed  in  one of th e  cases 0.025 M  p h o sp h a te  
b u ffe r , an d  in  the  o th e r  case  also 23 m M  sodium  h y d ro c a rb o n a te . Sam ples 
w ere  w ith d ra w n  perio d ica lly  fo r  d e te rm in a tio n  of th e  ha logen  c o n te n t; on th e  
o th e r  h a n d , the  sam ples w ere  re a c te d  w ith  an excess o f sodium  th io su lfa te , 
a n d  p o la ro g rap h ed  n ex t d a y ;  f in a lly , also th e  h e ig h ts  o f th e  e thy lene im ino  
w av es  w ere p lo tted . T he fo llow ing  conclusions can  be d raw n  from  Fig. 7:

(a) F u r th e r  cleavage o f  th e  halogen proceeds in  th e  p resence  of sodium  
h y d ro c a rb o n a te  som ew hat q u ic k e r  th a n  when s ta n d in g  in p h o sp h a te  buffer
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h

Fig. 7. C om plete c y c liz a tio n  of sem i-cyclized D e g ran o l a n d  its  oxazolidone re a c tio n . P re- 
t r e a tm e n t:  10“ 3 M  III s ta n d in g  for 48 hours a t  25 °C in  a  so lu tion  ad ju s ted  w ith  N a O H  to 
p H  6. O ne h a lf  o f th is  so lu tio n  was th en  a d ju s te d  w ith  0.025 M  p h ospha te  b u ffe r  (p b ) , th e  
o th e r  h a lf  w ith  0.023 M  N a H C 0 3 to p H  7.4, an d  a llow ed  to  s tan d  a t  37 °C. S am p le s w ere 
w ith d raw n  a t  in te rv a ls  fo r d e te rm in a tio n  of th e  a m o u n t o f halogen  sp lit off (C1“ ), th e  h e ig h t 
o f th e  e th y len e im in o  w av e  of th e  so lu tion  d ilu te d  to  10 4 M  (E l) ,  and  the w ave  h e ig h t of 

th e  reac tio n  p ro d u c t w ith  th io s u lfa te  (S202 “ )

Fig. 8. 10 M  III w as allow ed to s tan d  for 16 h o u rs  in 0.025 M  phosphate  b u ffe r  (p H  6), 
th en  h a lf  o f th e  so lu tio n  w as a d ju s ted  w ith  0.23 in M  N a IIC O ;J (curves on th e  le ft)  a n d  th e  
o th er h a lf  w ith  N a O II  (cu rv es  on the r ig h t)  to  p H  8.5. C urves from  th e  b o tto m  to  th e  to p : 
u n tre a te d  so lu tion  o f  III: III allow ed to s tan d  a t  p H  6 ; III allow ed to s tan d  for fu r th e r  3 ho u rs  
a t  p H  8.5. T he p o la ro g ra m s w ere recorded on 10“ 4 M  III, a t  p H  6. S 16.10 9 A ; H g  level 

30 cm ; 25 °C; from  — 0.8 V on ; zlE 0.05 V
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o n ly . T h u s , here  too , th e  reac tio n  y ie ld in g  oxazo lidone proceeds a t  a h igher 
r a te  t h a n  cyclization .

(6) I n  th e  presence o f  h y d ro c a rb o n a te , th e  e thy leneim ino  w av e  h a rd ly  
rise s  a b o v e  th e  in itia l v a lu e  o f  22% , w hile in  p h o sp h a te  buffer i t  re ach es  80%  
o f th e  th e o re tic a l va lue .

Fig. 9. C o n tin u a tio n  of th e  e x p e rim e n t in F ig. 8: th e  so lu tio n s described th e re  w ere  re a c te d  
b e fo re  re c o rd in g  th e  p o la ro g ram s a t  25 °C and  p H  4, w ith  a tenfo ld  q u a n ti ty  o f  N a ,S 20 ,  

S =  3 .10~ 8 A ; reco rd in g  from  — 0.5 У  on ; I E  =  0.1 V

(c) T h e  w ave o f th e  th io su lfa te  c o m p o u n d  also rem ains a t i ts  o rig inal 
lev e l in  th e  presence of h y d ro c a rb o n a te , w hile  in  p h o sp h a te  buffer a f te r  2 ho u rs , 
i t  h a s  th e  sam e value as th e  e th y len e im in o  w ave.

(d ) In  th e  presence o f  h y d ro c a rb o n a te , th e  heights of th e  tw o  k in d s  of 
w av es  d iffe r considerab ly : th a t  of th e  th io s u lfa te  com pound is 4 0 %  (its  h e ig h t 
can  b e  e x a c tly  m easured), a n d  th a t  of th e  e th y len e im in o  w ave is a b o u t 2 6 % .

T h ese  resu lts  su p p o rt th e  a ssu m p tio n  t h a t  on s tan d in g  a t  p H  6, th e  
g re a te r  p a r t  o f D egranol is co n v e rted  in to  co m p o u n d  IV co n ta in in g  one  rin g ; 
th is  p ro d u c t  does no t give an  e th y len e im in o  w av e , b u t  its  th io su lfa te  co m p o u n d  
p ro d u c ts  a w ave, th e  h e ig h t o f w hich is a b o u t h a lf  of th a t  of th e  w av e  o f th e  
th io s u lfa te  com pound of th e  b is-e th y len e im in o  d e riva tive . The e x is te n c e  of 
th e  e th y len e im in o  w ave even  a fte r  s ta n d in g  a t  p H  6, and  th e  s lig h t increase  
of th i s  w av e  in th e  b u ffe r so lu tion  c o n ta in in g  h y d ro ca rb o n a te  in d ic a te  th a t

A cta  Chim . Acad. Sei. Hung. 63, 1970



JÄM BOR: POLA RO G RA PH IC INVESTIGATION O F M ANNITOL D ERIV A TIV ES 339

th e  p H  ranges o f th e  v a rio u s  reac tio n s  o v erlap , and  each  p rin c ip a l re a c tio n  
is a cco m p an ied  b y  side reac tio n s .

T he po larog ram s se rv in g  as th e  hasis fo r th e  re la tio n sh ip s  show n in 
F ig . 7, reco rd ed  for a reac tio n  o f  3 hou rs, p roceed ing  how ever a t  25 °C in s te a d  
o f  37 °C, a re  show n in F igs 8 a n d  9. I t  will be  seen how  d ifficu lt i t  is to  ev a 
lu a te  th e  h e ig h t o f th e  low  e th y len e im in o  w ave, w hile th e  h e ig h t o f  th e  w ave 
o f  th e  th io su lfa te  com pound  can  be easily  m easu red . M oreover, i t  can  he  seen 
th a t  th e  ra tio  o f  th e  w aves o f tw o  k inds is s im ila r to  th a t  a t 37 °C.

Fig. 10. 1, 2, 4, 8, 16, 32 and  64 • 10“ 4 M  I I I  allow ed to  s ta n d  a t  25 °C in 0.025 M  p h o sp h a te  
b u ffe r  (p H  8) fo r 6 hours: th e  p o la ro g ram s w ere reco rd ed  on a so lu tion  o f 10 4 M  c o n c e n tra 
tio n . W ave h e ig h t, in  p e rcen tag e  o f th e  th eo re tica l ( • ---------- • ) :  p e rcen tag e  h a lo g en  sp lit

o ff (A --------- A)

T h e fa c t th a t  th e  reac tio n  proceeds a t  p H  6 accord ing  to  a d iffe ren t 
m echan ism  th a n  a t p H  8, is also show n by  considering  again  F ig . 2: in  th e  
f ir s t  case th e  w ave h e ig h t does n o t a t ta in  even  h a lf th e  v a lu e  o f  halogen  
sp littin g , w hile in th e  second case it  reaches th e  expected  v alue  a lm o s t com 
p le te ly .

5. E ffect o f  the concentration o f  Degranol on the rate o f  the reaction. A ssu m 
ing  th a t  th e  cleavage o f th e  halogen  and  cye liza tion  proceed as re a c tio n s  of 
f irs t o rder, th e  conversion y ie ld s  m ust he p ro p o rtio n a l to  th e  in itia l c o n c e n tra 
tio n  o f D egrano l. This m ean s th a t ,  e.g., in 6 hours id en tica l p e rcen tag es  o f 
d isso lved  D egrano l should  be co n v erted , in d e p e n d e n tly  o f th e  in i t ia l  con
c e n tra tio n . F ig . 10 show s th a t  th is  re la tio n sh ip  is ac tu a lly  v a lid , b o th  w ith  
re sp ec t to  th e  q u a n ti ty  o f  halogen  sp litt  o ff an d  th e  heigh t o f th e  e th y le n e 
im ino  w ave. At D egranol co n c e n tra tio n s  below  8 • 10 “4 M , th e  s p li t t in g  off 
o f th e  halogen has n o t been  in v e s tig a te d , ow ing  to  th e  lim ited  a c c u ra cy  of 
th e  V olhard  t i t ra t io n .

A com parison  o f th e  v a lu es  in Figs 10 an d  2 show s th a t  in  th e  la t te r  
ease th e  sp lit t in g  off o f th e  halogen  is 100%  an d  th e  w ave 8 2 % , w hile  in  th e

Acta Chim. Acad. Sei. H ung. 63, 1970



340 JÁM BOR: P O L A R O G R A PH IC  INVESTIGATION OF M ANNITOL DERIVATIVES

fo rm e r in s tan ce  93 a n d  8 0 % , respec tive ly , co u ld  be observed , u n d e r th e  sam e 
e x p e rim e n ta l co n d itio n s. O w ing to  th e  v e rsa tile  re a c tio n  possib ilities o f  Deg- 
rano l an d  to  its  h igh s e n s it iv ity  to  e x p e rim e n ta l cond itions, such d ev ia tio n s  
w ere o fte n  en co u n te red  in  th e  course o f o u r  w ork . H ow ever, th ese  d ev ia tio n s  
do n o t  a ffec t th e  v a l id i ty  o f  th e  tend en c ies  show n  b y  th e  re su lts , o r th e  con
clusions d raw n  from  th e m , as an  u n c e r ta in ty  o f  10%  has alw ays b een  ta k e n  
in to  acco u n t, or th e  e r ro r  w as m in im alized  b y  m a n y  re p e titio n s  o f th e  ex p eri
m e n ts  in  tho se  cases, w h e re  g rea te r  a ccu racy  w as req u ired .

T h e  sligh t d im in u tio n  of th e  w ave h e ig h t w ith  increasing  D egrano l 
c o n c e n tra tio n s  falls s im ila rly  w ith in  th e  lim its  o f  ex p erim en ta l e rro r, th e re fo re  
i t  w as n o t fu r th e r  in v e s tig a te d .

I t  shou ld  he m e n tio n e d  th a t  th e  p o la ro g rap h ic  w ave of D egrano l becom es 
d is to r te d  or m elts a lm o s t com plete ly  w ith  th e  f in a l c a ta ly tic  sec tion  o f th e  
p o la ro g ram , if  th e  c o n c e n tra tio n  of D egrano l, s ta n d in g  in  so lu tion , is in c reased . 
T h is  also co n tr ib u te s  to  th e  in accu racy  in th e  d e te rm in a tio n  o f th e  w ave heig h t. 
T h e  lim itin g  c u rren t p a r t  o f  th e  w ave is re p re se n te d , even if  so lu tions o f  ra th e r  
low  co n cen tra tio n s  a re  a llow ed  to  s ta n d , b y  an  in flex io n , in s te a d  o f a h o ri
z o n ta l section . A t h ig h e r  co n cen tra tio n s , even  th is  in flex ion  s tra ig h te n s  o u t 
co m p le te ly , and  in  th is  case, th e  heigh t o f th e  p o la ro g ram  m easu red  a t  th e  
p o te n tia l  o f —1.4 V w as ta k e n  as th e  p ro b a b le  v a lu e  of th e  w av e  heigh t.

T h e  polarogram  o f  th e  pure  sy n th e tic  e th y len e im in o  d e r iv a tiv e  ( I I )  

show s th is  fac to r o f  in a c c u ra c y  to  a lesser e x te n t . T h is ind ica tes  t h a t  side 
re a c tio n s  occur, besides th e  fo rm atio n  o f I I ,  w hen  I I I  is allow ed to  s ta n d  
u n d e r  th e  exp erim en ta l co n d itio n s  used , an d  th e  p ro d u c ts  of these  side reac 
tio n s  a re  responsib le  fo r  th e  in d is tin c t c h a ra c te r  o f th e  p o la ro g ram . T he 
c irc u m sta n c e  th a t  in  n o n e  o f  th e  m an y  h u n d re d  ex p erim en ts  m ade in  th e  
course  o f  th is  w ork d id  th e  w ave heigh t o f D eg ran o l increase  d u rin g  s ta n d in g  
to  a v a lu e  co rresp o n d in g  to  th e  w ave h e ig h t o f  p u re  sy n th e tic  I I ,  b u t am o u n te d  
o n ly  to  80 — 90%  o f th is  v a lu e , is also in d ic a tiv e  o f side reactions.

6. Effect o f  the bu ffer concentration and  ionic strength. T he effects o f th e  
b u ffe r  c o n cen tra tio n  a n d  io n ic  s tre n g th  of th e  re a c tio n  m ix tu re  on th e  sp lit t in g  
o ff o f  halogen , a c c o m p an y in g  cyclization , a n d  on  th e  e th y len e im in o  w ave 
h e ig h t h av e  also been in v e s tig a te d . I t  can  be seen from  F ig . 11 th a t  on ra ising  
th e  p h o sp h a te  b u ffe r c o n c e n tra tio n  to  a va lu e  h ig h e r  th a n  10 -1 M , th e  sp lit t in g  
o ff o f  th e  halogen decreases s ligh tly , an d  th e  w av e  h e ig h t considerab ly . W hen  
th e  re a c tio n  is c a rried  o u t  in  th e  presence o f  0.64 M  p h o sp h a te , sp li t t in g  
d im in ish es  to  ab o u t 8 0 %  a n d  th e  w ave h e ig h t to  a b o u t 30%  o f th e ir  in itia l 
v a lu es . O n th e  o th e r h a n d , sodium  su lfa te , w h ich  has no bu ffer effect, d id  n o t 
in flu en ce  a t  all, w ith in  th e  co n cen tra tio n  lim its  exam in ed , e ith e r th e  sp littin g  
o ff o f  th e  halogen, o r th e  d ev e lo p m en t o f th e  e th y len e im in o  w ave.

T h e  p roblem  arose  w h e th e r  th e  effect o f  th e  p h o sp h a te  b u ffe r is specific , 
a n d  w h e th e r th is  re su lt is a c tu a lly  due to  a b u ffe r  effect or to  th e  effect of
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th e  m u ltiv a le n t ion . T h ere fo re , also o th e r buffers were in c lu d ed  in  o u r  in v es ti
g a tio n s. To a t ta in  m a x im u m  effec t, th ese  com pounds were used  in h ig h  (0.64 /Vf) 
c o n cen tra tio n s . T h e  re su lts  a re  su m m arized  in  T able I.

O ur ex p e rim en ts  show ed in ex p licab le  anom alies from  t im e  to  tim e, 
w hen fresh  sto ck  so lu tio n s w ere used . T herefo re , th e  e x p e r im e n ts  repo rted

T ig. 11. E ffec t of th e  c o n ce n tra tio n  of N a.S O , on  th e  sp littin g  off of h a lo g en  ( - } ---------- - f )

a n d  th e  w ave h e ig h t ( X  ----------  X  ) o f 10“ 3 M  I I I .  E ffe c t o f th e  c o n ce n tra tio n  o f  th e  ph o sp h a te
buffer on the splitting off of halogen ( Д  --------- Д )  and on the wave height (O --------- O) of
10“ 3 M  III . S tan d in g  fo r 6 h o u rs  a t  25 °C, a t  p H  8. R ecorded on a so lu tio n  o f  10~4 M 111.

n T ab le  I , were ca rr ied  ou t b o th  on fresh  and  on 2-week old s to c k  so lu tions. 
T h e  re su lts  w ere th e  fo llow ing:

(a) In  a so lu tio n  w hich  h ad  been allow ed to  s tan d , th e  s p l i t t in g  off of 
ch lo rin e  w as s ligh tly  in flu en ced  on ly  by  p h o sp h a te . W ith in  th e  l im it  o f  experi
m e n ta l e rro r, b o ra te , c i tr a te ,  a c e ta te  an d  su lfa te  h ad  no effect.

(b) On th e  o th e r  h a n d , th e  w ave h e ig h t was m a rk e d ly  red u ced  by 
p h o sp h a te , m o d e ra te ly  b y  b o ra te  a n d  c itra te , s lig h tly  b y  a c e ta te , w h ile  su lfa te  
had  no effect on th e  w ave h e ig h t.

Table I

Tlw reaction o f 10 3 M  I I  in the presence o f various buffers or N a.SO , at 25 °C 
after a reaction time o f 6 hours

S to c k so lu tio n , 2-w eek-old F re sh  stock so lu tio n

0.64 M , p H  8 W a v e , % H alo g en , % W ave, % H a lo g e n , %

S ulfa te 82 95 80 90
B orate 53 95 41 85

C itra te 54 93 48 81

A ceta te 67 97 63 88

P hosphate 29 83 29 62
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(c) In  the case o f f r e s h ly  dissolved D eg ran o l th e  w ave heigh t w as id e n 
t ic a l  in  th e  presence o f  s u l f a te  an d  aceta te  w ith  t h a t  o f  D egranol w hich  h ad  
b e e n  allow ed  to  s tan d , w h ile  in  th e  presence o f  b o r a te  an d  c itra te , th e  h e ig h t 
o f  t h e  w ave in  th e  fre sh  s o lu tio n  is lower.

I t  follows from  th is  t h a t  th e  cyclization r e a c tio n  is h indered  b y  bu ffe rs, 
h u t  n o t  b y  the  anion (SO^~2). M oreover, i t  beco m es e v id e n t th a t  fresh  D eg
r a n o l  a n d  such w hich w as  l e t  to  stan d  behave d if fe re n tly . On s tan d in g , D eg
r a n o l  undergoes s t ru c tu ra l  ch an g es, which fa v o u r  cy c liza tion . A ccord ing  to  
o u r  ex p erim en ts  in  p ro g re ss , in  th e  presence o f p h o s p h a te , b o ra te  and  c itra te , 
f r e s h ly  dissolved D eg ran o l is  converted  in to  I I  o n ly  a fte r an  “ in d u c tio n  
p e r io d ” . T he leng th  o f th i s  p e rio d  depends on th e  ex p erim en ta l co n d itions, 
a n d  th e  cleavage o f h a lo g e n  s ta r ts  only a fte r  th is  p erio d .

T h is  problem  w ill h e  d e a lt  w ith in  a n o th e r  p u b lica tio n , because its  
e lu c id a tio n  has no d irec t b e a r in g  on the use of D e g ra n o l as a c y to s ta tic  a g e n t; 
u n d e r  th e  conditions p re v a i l in g  in blood, th is  in d u c tio n  period  is neglig ib le.

*

T h e  au th o r is in d e b te d  to  M isses M. D ew ath  a n d  E . M a jl á t h  for th e ir  assis tan ce  
in  th e  ex p erim en tal w ork.
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R eceived D ecem ber 8, 1968

I t  h a s  b e en  e stab lish ed  th a t  th e  s t ru c tu re  o f so larad ix ine  iso lated  fro m  th e  
b a rk  of th e  ro o t  o f Solanum  laciniatum, is 0 -L -rh a m n o p y ran o sy l(la  —- 2)-0-[0-D -gluco- 
p y ranosy l(l/?  — 2)-D -glucopyranosyl] ( lß  —► 3 )-0 -n -g a lac to p y ran o sy ](l/l —► 3)-solasodine.

The roo t o f  S o la n u m  lacin ia tum  an d  S . avicu lare , w hich grow  read ily  
also in H u n g a ry  [1], an d  th e  fru it of S o lanum  m am m osum , in d ig en o u s to  
V enezuela [2], c o n ta in s  a solasodine glycoside, w hose sugar m oiety  co nsists  or 
galactose, glucose a n d  rh am n o se  in  th e  m o la r r a t io  o f 1 : 2 : 1. In  a p re lim in a 
ry  co m m u n ica tio n  [1], we called th is so lasodine g lycoside, found in th e  ra d ix  
o f Solanum  la c in ia tu m , so larad ix ine .

S o la rad ix ine  is p re se n t in  th e  h a rk  o f th e  ro o t, w hile th e  in te rn a l p a r t  
of th e  ro o t c o n ta in s  no s te ro id  glycosides. T h e  m e ltin g  p o in t of th e  c o m p o u n d  
is 275 — 278 °C (d eco m p o sitio n ), [a]n ' — 69.7° (c =  1, py rid ine), [a]b" — 51.9° 
(c =  0.23, m e th an o l). I t  gives nega tive  F eh lin g  re a c tio n , and  positive  Alberti 
an d  Bial reac tio n s  [3]. T he eq u iv a len t w e ig h t, t i t r a te d  in  th e  p resence  of 
Tasciiiro’s in d ic a to r  [4] is 1020, and  on th e  b as is  o f p o ten tio m e tric  t i t r a t io n  
w ith  perch loric  ac id  i t  is 1069. The aglycone o b ta in e d  in  its  hyd ro lysis  w ith  
a m inera l acid h as  been  found  iden tical w ith  so lasod ine  on th e  basis o f  its  
physical p ro p e rtie s , in fra re d  spec trum , a n d  th e  N -nitroso  d e riv a tiv e . O u r 
investig a tio n s b y  q u a li ta t iv e  p ap er c h ro m a to g ra p h y  an d  th in -lay e r c h ro m a to 
g rap h y , using v a r io u s  so lv en t m ix tu res, h av e  show n th a t  th e  sugars o b ta in e d  
on to ta l  h y d ro ly sis  a re  D -galaetose, D-glucose and  L-rham nose. T he m o la r 
ra tio  of th e  su g ars  w as found  to  be 1 : 2 : 1  b y  th e  form azan m e th o d  of 
F ischer an d  D örfel [5], and th e  an th ro n e  m e th o d  o f Scott and Melvin [6], 
as well as by  gas ch ro m a to g ra p h y .

From  th e  d e te rm in a tio n  o f the e q u iv a le n t w eigh t and th e  C, H , N , О 
e lem en ta l an a ly sis , th e  em pirica l form ula o f  so la rad ix in e , a fte r d ry in g  a t  
105 °C over p h o sp h o ru s  p en to x id e  in a v acu u m  o f 0.5 m m  H g, is C51H g30 2,N  •
• H 20  (M  1064).

* P a r t  I I I :  A c ta  C him . A cad. Sei. H ung. 6 2 ,  283 (1969)
** U nited  A ra b  R ep u b lic  Scholar from  Cairo U n iv e rs ity , F a c u lty  o f P h a rm ac y .
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A fte r  ox ida tio n  w ith  sod ium  m e ta p e rio d a te  and  su b seq u en t h y d ro ly s is , 
th e  re a c tio n  m ix tu re  c o n ta in e d  o n ly  g a lac to se , and  no o th e r  su g a rs  can  be 
d e te c te d .

O n su b jec tin g  so la rad ix in e  to  p a r tia l  hyd ro lysis  w ith  0.01 N  su lfu ric  
ac id , so lason ine  can he iso la ted  from  th e  re a c tio n  m ix tu re . T he id e n t i ty  of 
th is  so lason ine  has been estab lish ed  b y  its  ph y sica l p roperties, th e  p re p a ra tio n  
an d  th e  physica l d a ta  o f its  N -n itro so  d e r iv a tiv e , and  by  an  e x a m in a tio n  of 
th e  ag lycone  and  th e  sugars o b ta in e d  in  i ts  to ta l  hydro lysis.

T o  c la rify  th e  s ite  o f lin k ag e  o f th e  second glucose u n it ,  so la rad ix in e  
h as  b e e n  p e rm e th y la te d  [7]. A fte r h y d ro ly s is , 2 ,3 ,4 -tri-O -m ethy l-L -rham nose , 
2 ,3 ,4 ,6 -te tra -O -m eth y l-D -g lu co se , 4 ,6 -d i-O -m ethy l-D -galac tose  an d  3 ,4 ,6 -tri- 
O -m ethyl-D -glucose w ere id e n tif ie d  in th e  re a c tio n  m ix tu re .

W h en  so la rad ix ine  is d isso lved  in  0.01 N  hydroch lo ric  acid , no  su g a r is 
sp li t  o ff  even on s ta n d in g  fo r 24 d ay s, th e re fo re  th e  second glucose m olecule 
m u s t  also  have  p y ran o se  s tru c tu re  [8]. T h is  w as verified  b y  th e  s tru c tu re s  of 
th e  iso la te d  m e th y la te d  m o n o sacch arid es . T h o u g h  so larad ix ine  is n o t  affected  
w h en  exposed  for 14 days to  th e  ac tion  o f  /З-glucosidase enzym e, d u e  to  its 
D -s tru c tu re , th e  second glucose m olecu le  can he considered  to  be  p resen t 
in  /3-linkage.

T h ere fo re , th e  co m p le te  s tru c tu re  o f  so la rad ix in e , a ssu m in g  for all 
su g a rs  p y ran o se  s tru c tu re , is th e  fo llow ing :

L - r h a m n o s e ( l a  —►- 2 ) \

D - g a l a c t o s e ( l ß  —► 3 ) - s o l a s o d i n e .

D - g l u c o s e ( l / >  -►  2 ) - D - g l u c o s e ( l p > 3 ) /

S o larad ix ine  is th e  f i r s t  te tro s id e  in  w h ich  a sugar m o ie ty  co n sis tin g  of 
fo u r m onosaccharides is lin k ed  to  p o sitio n  th re e  of an u n s a tu ra te d  ste ro id  
a lk a lo id  aglycone h av in g  a Zl5 doub le  b o n d  [9], and  i t  co n ta in s in  th e  sugar 
re s id u e  th e  s tru c tu ra l u n it  D -g lucopyranosy l(l/?  —► 2)-D -glucopyranose, w hich 
occu rs o n ly  seldom  in n a tu re .

E x p e rim en ta l

A ll in .p .’s were d e te rm in e d  w ith  a B o e tiu s  a p p a ra tu s ,  and are u n c o rre c te d . T he fol
lo w in g  so lv e n t m ix tu res  w ere u sed  for c h ro m a to g ra p h y :

1. F o r  th e  glycosides on  p a p e r: (a ) n -b u ta n o l—acetic  a c id -w a te r  (10 : 2 : 5) (10]; 
(b)  e th y l  a c e ta te -a c e tic  a c id -w a te r  (11 : 2 : 1.85) [11]; (c) n -b u tan o l-ac e tic  a c id -w a te r  (4 : 1 : 2).

2. F o r  th e  glycosides in  T L C : (a ) n -b u tan o l s a tu ra te d  w ith  w a te r [1]; (6) e th y l  a c e ta te -  
p y r id in e —w a te r  (3 : 1 : 3), u p p e r p h ase  [11]; (c) ch lo ro fo rm —eth an o l—1%  N H ,O H -so lu tio n  
( 4 : 5 : 1 )  [12], (d ) ch loroform —m e th a n o l—w a te r (65 : 35 : 10) [13].

3. F o r  th e  aglycones on p a p er: (a) cy c lo h ex an e -m e th y lce llo so lv e—p y r id in e -w a te r  
(8 : 4 : 4 : 1) [14].

4. F o r  th e  aglycones in T L C : (a) c h lo ro fo rm -e th a n o l (99 : 1) [1]; ( b )  c h lo ro fo rm -  
m e th a n o l  (19 : 1) [15]; (c) ben zen e—m eth an o l (9 : 1) (16].

5. F o r  th e  sugars on p a p er: (a) n -b u tan o l—p y rid in e —w a te r (6 : 4 : 3) [17]; (6) n -b u ta n o l— 
e th a n o l—w a te r  ( 8 : 1 : 2 )  [16]; (c) n -b u ta n o l- e th a n o l-w a te r  ( 4 : 1 :  5) [18].

6. F o r  th e  sugars in TLC : (a ) n -b u ta n o l—a c e tic  acid—d iethy l e th e r -w a te r  (9 : 6 : 3 : 1) 
[19 ]; (b) e th y l ace ta te —iso p ro p an o l—w a te r (65 : 23 : 12) [22].
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B o th  in p a p e r c h ro m a to g ra p h y  and TLC , th e  g lycosides as well as th e  ag ly co n es were 
v isua lized  w ith  s a tu ra te d  an tim o n y  trich lo rid e  so lu tio n  in chloroform , or w ith  D ra g en d o rff’s 
re ag e n t, w hile th e  su g ars  w ere d e tec ted  w ith  a n a lin e  p h th a la te ,  tr ip h e n y lte tra z o liu in  h y d ro x id e  
or an isa ld éh y d e  su lfu ric  acid .

Iso lation  of th e  g lycoside  m ix tu res

1 kg  of g ro u n d  Solanum  laciniatum  ro o t, d ried  a t  60 °C, was stirred  a t  ro o m  tem p e 
ra tu re  for each  5 h rs. su b seq u e n tly  w ith  1 Х Ю  I. a n d  1 X 5  1. o f 0 .5%  n itr ic  acid  so lu tio n . The 
com bined  e x tra c ts  w ere  a d ju s te d  w ith  cone, a q u eo u s  am m o n ia  to pH  6, h e a te d  to  60 °C, 
an d  m ad e  a lka line  w ith  cone, aqueous am m o n ia , to  o b ta in  p H  9. A fter s ta n d in g  fo r a d ay , 
th e  p re c ip ita te  was se p a ra te d  by  d e can ta tio n  a n d  su b se q u e n t cen trifug ing . T h e  d ry  p rec ip i
t a te  (19.8 g) was e x tra c te d  b y  boiling  for 1 h r. w ith  2 X 3 0 0  m l an d  th en  1 X 2 0 0  m l p o rtio n s  
of m e th an o l. T he e v a p o ra tio n  residue of th e  co m b in ed  e x tra c ts , a very  s lig h tly  yellow ish  
solid su b s ta n c e , w as 7.9 g.

B o th  p a p e r a n d  th in - la y e r  ch ro m a to g ram s w ere ru n  w ith  th is  p ro d u c t, s im u ltan eo u s ly  
w ith  so lason ine, so lam arg in e  an d  so larad ix ine  fo r co m p ariso n . T he spo ts o f  th e  glycoside 
m ix tu re , in th e  d ecreas in g  o rd e r o f th e  Rj v a lu e s  w ere  m ark ed  by  A , B, C, D , a n d  E. T he 
resu lts , o b ta in ed  are  su m m ariz ed  in 'fa b le  I.

Table I

Examination o f the glycoside m ixture by paper chromatography 
and by thin-layer chromatography

Rf v a lu e s

S u b s ta n c e
S S  20431» MN 2 14 S ilica g e l-G

S o lv e n t  m ix tu re  
la 1 “ l c •>a 26 2c 2 d

Solam argine 0.64 0.75 0.65 0.27 0.46 0.63 0.46
A 0.63 0.75 0.65 0.27 0.45 0.63 0.46

Solasonine 0.55 0.51 0.55 0.22 0.25 0.58 0.38
в 0.55 0.50 0.54 0.22 0.25 0.58 0.38

Solarad ix ine 0.45 0.33 1 0.45 0.15 0.15 0.44 0.30
c 0.44 0.33 0.44 0.15 0.15 0.45 0.30
1) 0.09 0.39 0.24
E 0.29 0.08 0.05 0.33 0.20

A ,  w hich  seem s to  be  iden tica l w ith  so lam arg in e , could  n o t he d e tec ted  in  each  ro o t 
m a te ria l, an d  even w hen  p re sen t, i t  gave on ly  a w eak  spo t.

Iso la tion  o f В

A co lum n of 5 cm  d ia m e te r  was p rep ared  fro m  250 g of n e u tra l a lu m in a  o f B ro ck m an n  
II  a c t iv ity  w ith  n -b u tan o l sa tu ra te d  w ith w a ter. 5.9 g o f th e  glycoside m ix tu re  w as in tro d u ced  
in to  th e  colum n, and  e lu te d  w ith  n -b u tan o l s a tu ra te d  w ith  w ater. F rac tio n s o f IS  ml were 
collected . T he c h ro m a to g ra p h ic  resu lts  are su m m ariz ed  in T ab le  II.

R ecry s ta lliza tio n  from  m ethano l of th e  e v a p o ra tio n  residue of frac tio n s 10 38, g iv ing
only  th e  spo t o f B, y ie ld ed  colourless needles, m .p . 2 8 5 —287 °C (d.). [a]ff =  - 90° (c 1, 
p y rid in e ), [a ]p  70.5° (c =  0.5, m ethano l).
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Table II

S e p a r a t io n  o f  the  g lu c o s id e  m ix tu r e  b y  c h r o m a to g r a p h y  o n  a n  a lu m in a  c o lu m n

F ra c tio n s ,
No.

W e ig h t o f th e  
e v a p o ra tio n  res id u e  |

(g)

C o m ponen ts  
as  sh o w n  by

TLC

1 9 0.05 A  +  В
10- 38 0.87 В
39--  45 0.51 в  + с
4 6--  87 3.24 с
88- -125 0.72 C  +  D  +  Е

O n  th e  basis of th e  m eltin g  p o in t, m ixed  m eltin g  p o in t,  ro ta tio n . G, H , N , О a n a ly s is  
[20, 21], В  is iden tica l w ith  so lason ine, p re p are d  fro m  th e  leaves of S o la n u m  a v ic u la r e  an d  
S .  l a c i n i a t u m ;  i ts  beh av io u r in p a p e r  c h ro m a to g ra p h y  a n d  T LC  was also co n s is ten t w ith  
th e  p ro p e r t ie s  o f solasonine.

N -n itroso-B

100 m g  o f В  was dissolved in  1 ml o f acetic  acid , a n d  ad m ixed  w ith  a cone, a q u eo u s  
so lu tio n  o f  50 m g of sodium  n itr i te . A fte r  a few m in u te s , a  w h ite  p rec ip ita te  w as o b ta in e d . 
T he m ix tu re  w as allow ed to  s ta n d  in a re fr ig e ra to r, th e n  f ilte re d  off, w ashed w ith  w a te r , an d  
d ried  (90 m g). A ttem p ted  c ry s ta lliz a tio n  from  96%  e th a n o l gave a ge la tinous su b s ta n c e . 
T his w as d isso lv ed  again  by  bo iling , and  h o t w a te r w as ad d ed  u n til beginning tu rb id i ty .  On 
cooling , a  c ry s ta ll in e  sub stan ce  se p a ra te d . F iltra tio n  y ie ld ed  a p ro d u c t (40 m g), m .p . 250 °C. 
T he m .p . w as  th e  sam e as th a t  o f th e  N -n itro so  d e r iv a tiv e  p re p a re d  from  an a u th e n tic  sam p le  
of so la so n in e  (m .p . 251 °C, see [22]); no depression  of th e  m ixed  m .p. was o b served .

Iso la tio n  of C

T h e  ev ap o ra tio n  residues o f th e  m ixed  frac tio n s c o n ta in in g  C (w hich was called  in  o u r 
ea rlie r c o m m u n ica tio n  [1] so la rad ix in e) w ere co m b in ed , a n d  ch ro m ato g rap h ed  again  as 
d esc rib ed  a b o v e . T he e v ap o ra tio n  resid u e  of the] co m b in ed  frac tio n s  giving on ly  th e  sp o t o f 
so la ra d ix in e  (3.92 g) was th en  re p e a te d ly  dissolved in  h o t  e th an o l and  p re c ip ita te d  w ith  
e th e r. R e c ry s ta ll iz a tio n  from  50%  a q u eo u s  ace tone  of th e  colourless p ro d u c t y ie ld ed  need le  
c ry s ta ls . S o la rad ix in e . a fte r d ry in g  in v a cu u m  a t  105 °C fo r 5 h rs. over phosphorus p e n to x id e , 
had  m .p . 2 7 5 — 278 °C (d.) [ot]^ =  —  69.7° (c =  1, p y rid in e ), [a ]g  =  —  51.9 (c -  0 .23, 
m e th a n o l) .

C5,H 830 2lN • H .,0 (1064.2). C alcd. C 57.57; H 8 .05; О 33.08; N 1.31. F o u n d  C 57.92: 
H 8 .06 ; О 33 .11 ; N 1.33% .

D isso lu tio n  in an  excess o f 0.01 N  HC1 and  t i t r a t io n  in  the  presence of T a sc h iro ’s 
in d ic a to r  [4] w ith  0.01 N  N aO H  gav e  th e  e q u iv a len t w e ig h t as 1020 (values m easu red : 1030, 
1010); p o te n tio m e tr ic  t it ra tio n  w ith  0.025 N  perch lo ric  acid  in g lacial acetic  acid y ie ld ed  th e  
e q u iv a le n t  w e ig h t 1069 (values m easu red : 1100, 1038).

A  so lu tio n  of 10 mg of so la rad ix in e  in  5 m l o f e th a n o l m ixed w ith  5 ml o f a 1%  digi- 
to n in e  so lu tio n  in 90%  e th an o l d id  n o t  give an y  tu r b id i ty  even a fte r 24 hrs.

T h e  p ro d u c t  gave neg ativ e  F e h lin g  reac tio n , an d  p o sitiv e  A lberti, M olisch. a -n a p h th o l  
and  B ial re ac tio n s .

T otal hydro lysis o f so la rad ix in e  (C)

1 g o f  so larad ix ine  was d isso lved  in 10 ml of e th a n o l. 10 m l 3 N  HC1 was a d d e d , an d  
th e  m ix tu re  w as boiled for 4 hrs.

E x am in a tio n  of th e  ag lycone

T h e  m ix tu re  was le t to  s ta n d  in a re fr ig e ra to r, th e  p re c ip ita te  filte red  off, w ash ed  w ith  
a sm a ll a m o u n t  o f ice-w ater, d isso lved  in 80%  h o t m e th a n o l, and  th e  free base p re c ip ita te d  
w ith  cone, a m m o n ia  (d ry  wre ig h t 376 m g).

Acta Chim. Acad. Sei. Hung. 63, 1970



B IT E  et al.: SOLANUM GLYCOSIDES, IV 347

T he free base  gave tw o sp o ts  in T LC  (so lv en t m ix tu re  4c) a fte r  v isu a liz a tio n  w ith  a n ti 
m o n y  trich lo ride . T h e  R j  of th e  p rin c ip a l sp o t (0.34) w as th e  sam e as th a t  o f so laso d in e , and 
th e  l i f  va lue  of th e  w eaker sp o t (0 .70) ag reed  w ith  t h a t  o f solasodiene.

T h e  m ix tu re  w as d issolved in b enzene, an d  c h ro m a to g rap h ed  on a c o lu m n  1.2 cm  in 
d ia m e te r , p rep ared  from  n e u tra l  W o elm ’s a lu m in a  of a c t iv ity  I I ,  using  so lv e n t m ix tu re  4c 
for e lu tio n . T he ev ap o ra tio n  resid u e  o f th e  com bined  frac tio n s  giving one sp o t w ith  R j 0.34 was 
rec ry s ta llize d  from  m eth an o l. T h e  p ro d u c t had  m .p . 200 202 °C, [a ]fj =  — 101° (c =  1,
e th a n o l). T he ana ly sis  (C 78.40; II 10.48 an d  N 3 .4% ) w as also in good a g ree m e n t w ith  th e  d a ta  
p u b lish ed  for so lasodine [20]. T h e  in fra red  sp ec tru m  of th e  p ro d u c t was id en tica l w ith  th a t  of 
so lasod ine, o b ta in ed  from  th e  leaves o f S o la n u m  la c in ia tu m .

On th e  basis o f th e  376 m g o f free b ase , o b ta in ed  as described ab o v e, a n d  sh o w n  to  be 
a m ix tu re  o f so lasodine and so lasod iene , th e  m olecu lar w e igh t o f so la rad ix in e  is 1100.

E x am in a tio n  of th e  sugar m oiety

A fter th e  rem oval of th e  h y d ro ch lo rid e  p re c ip ita te , m ethano l was e v a p o ra te d  fro m  the 
so lu tio n , th e n  th e  residual aqu eo u s acid  so lu tio n  was n eu tra liz ed  w ith  A m b erlite  IR -4 B  resin, 
a n d  a s tock  so lu tion  was p rep ared .

F ro m  th is  stock  so lu tion  a p o rtio n  co n ta in in g  a b o u t 100 [ig of to ta l  su g a r  w as app lied  
o n to  W h a tm an  1 ch ro m a to g rap h ic  p a p e r, a n d  an  ascend ing  c h ro m a to g ram  w as m ad e  w ith  
so lv e n t m ix tu res  5a an d  56, re sp ec tiv e ly , to a fro n t d is tan ce  of 30 cm . T h e  su g a r  m ix tu re  
w as also s tu d ied  by  TLC  on a Silicagel-G  lay e r w ith  so lv en t m ix tu re  6a, a n d  on  K iese lguhr- 
g y p su m  lay e r w ith  so lven t m ix tu re  66. To ach ieve  a b e tte r  sep ara tio n  of g lucose a n d  ga lactose , 
d o u b le  ru n s w ere m ad e  w ith  th e  sam e so lv en t b o th  in p a p e r c h ro m a to g ra p h y  a n d  T LC . The 
f in a l re su lts  o f th e  c o m p ara tiv e  ru n s  m ade  w ith  an a ly tica lly  pure hexoses a n d  p e n to ses , are 
su m m arized  in  T ab les  I I I  and  IV.

Table III

C h r o m a to g ra p h y  o f  s u g a r s  o b ta in e d  in  the  to ta l h y d r o ly s is  o f  s o la r a d ix in e , 
o n  W h a tm a n  1 p a p e r

S u b s tan ce

R f  vu lues
in  a scen d in g  c h ro m a to g ra p h y  ru n  w ith

5a 5 b

so lven t m ix tu res

Hydrolyzate 0.55 0.61 0.81 0.21 0.27 0.60

D-Galactose 0.54 0.21

D-Glucose 0.61 0.27

L-Wiainnose 0.81 0.60

Table IV

T h in - la y e r  c h r o m a to g r a p h y  o f  th e  su g a r s  o b ta in ed  
in  the, to ta l h y d r o ly s is  o f  s o la r a d ix in e

S u b stan ce

R f  values

Silicagel-G
6a

K ieselguhr-gypsum
6 b

so lv en t m ix tu res

Hydrolyzate
D-Galactose
D-Glucose
L-Rhamnose

0.57 0.62 0.77 

0.57

0.62

0.77

0.10 0.14 0.44 

0.10

0.14

0.44
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Q uantita tive  d e te rm in a tio n  o f  th e  m olar ra tio  o f g a lac to se , glucose and rham n o se

T h e  q u a n tita tiv e  d e te rm in a tio n  of the  sugars w as m a d e  on  to ta l sugar stock  so lu tions, 
p re p a re d  on the  one h a n d  fro m  th e  stock  solution m e n tio n e d  a b o v e  an d  k e p t a t  0 °C, an d , on 
th e  o th e r  hand , from  case to  case  fro m  5 mg of so la rad ix in e  (h e a te d  w ith  0.5 ml o f 1 N  HC1 
a t  100 °C for 3 hrs. in a se a le d  tu b e ,  centrifuged an d  th e  ac id  e v ap o ra te d  in v acu u m ). The 
d e te rm in a tio n s  were ca rried  o u t  b y  th e  form azan m e th o d  o f  F is c h e r  an d  D ö r fe l  [5], b y  the  
a n th r o n e  m ethod  of S cott a n d  M e l v in  [6], and by  gas c h ro m a to g ra p h y  using an  in s tru m e n t 
M odel G asofract 400 C (D r. V iru s  K .G .) . In  the  fo rm azan  a n d  a n th ro n e  m ethods, th e  ch ro m a to 
g ra m s  w ere run  twice on  W h a tm a n  1 paper w ith  so lv e n t m ix tu re  5a to  a fro n t d is tan ce  of 
30 cm . T h e  experim ental r e s u l ts  a re  sum m arized in T ab le s  V  a n d  VI.

Table V

Q u a lita tiv e  m o la r  r a t io  o f  the su g a rs  i n  s o la r a d ix in e  d e te r m in e d  
b y  the fo r m a z a n  m e th o d

.«g X 10“  8 m o le M olar ra tio

D-Galactose 12.0 6.66 1 .0

D-Glucose 23.5 13.05 1.96
L-Rhamnose 13.1 7.96 1.20

Table VI

Q u a n tita tiv e  m o la r  r a t io  o f  the su g a rs  i n  s o la r a d ix in e  d e te r m in e d  
b y  the an th ro n e  m e th o d

/'g X 10 8 m o le M olar ra t io

D-Galactose 14.5 8.05 1.0
D-Glucose 31.1 17.20 2.1
L-Rhamnose 15.7 9.55 1.2

Gas chrom atographic  d e te rm in a t io n s  gave for D-galac tose  24.5, for D-glucose 51.3 and 
fo r  L -rham nose  24.8%  i .e .  a m o la r  ra tio  of 1 : 2.1 : 1.1.

O x id a tio n  of solaradixine w ith  p e rio d a te

45 mg of so larad ix ine  w as  d isso lved  in 4 ml of 0.1 N  a ce tic  acid , 9 ml o f 0.1 N  sodium  
p e r io d a te  was added, an d  th e  m ix tu re  was allowed to  s ta n d  fo r 3 d ay s  a t  room  tem p e ra tu re . 
A f te r  th is  period, 2 ml o f e th y le n e g ly c o l was added, a n d  th e  m ix tu re  was processed accord ing  
to  K u h n  and  Low  [21]. T h e  e v a p o ra tio n  residue w as d isso lv ed  in  50%  m eth an o l. P ap er 
c h ro m a to g ra p h y  de tected  o n ly  D -galactose  in th is so lu tio n .

P a r t ia l  hydro ysis of so la rad ix in e

10 g of so laradix ine  w as re f lu x e d  for 24 hrs. w ith  500 m l o f 0.01 N  sulfuric  acid . The 
h o t  so lu tio n  was m ade a lk a lin e  w i th  cone, am m onium  h y d ro x id e  so lu tion  and  p laced  in a 
re fr ig e ra to r . The p re c ip ita te  w as se p a ra te d  on a c e n trifu g e , w ash ed  w ith  w a ter, an d  dried .

T h e  glycoside m ix tu re  (5 .27  g) obtained in th is  p a r t ia l  h y d ro lysis had  fiv e  m ark ed  
c h ro m a to g ra p h ic  spots. T h e  m ix tu r e  was separa ted  on  a c h ro m a to g ra p h ic  colum n o f 1500 g 
B ro c k m a n  I I  alum ina, u sin g  fo r  e lu t io n  a 1 : 1 n -b u ta n o l-e th y la c e ta te  m ix tu re  sa tu ra te d  w ith 
w a te r . O n ly  fractions c o n ta in in g  tw o  or more g lycosides w ere  o b ta in ed .

A cta  Chim. Acad. bei. Hung. 63, 1970



B IT E  et a l.: SOLANUM GLYCOSIDES, IV 349

T he frac tions show n b y  T L C  and  pap er c h ro m a to g ra p h y  to  c o n ta in  a co m p o n en t w ith 
th e  sam e R j  as so lasonine w ere com bined  an d  ev ap o ra te d , a n d  th e  residue  (1.1 g) w as ch ro m a to 
g rap h ed  again  w ith  b u ta n o l s a tu ra te d  w ith  w a te r on a co lu m n  p ack ed  w ith  240 g o f  w ide-pore 
silicagel an d  hav ing  a g ra in  size be tw een  0.5 and  0.15 m m  [23]. Л  good se p a ra tio n  w as o b ta ined . 
T h e  ev ap o ra tio n  resid u e  o f th e  com bined  frac tio n s co n ta in in g  on ly  th e  su b s ta n c e  of an  Rj 
v a lu e  iden tica l w ith  t h a t  o f so lason ine, was 0.5 g. R e p ea te d  re c ry s ta lliz a tio n s  (d isso lu tion  in 
h o t  60%  e th an o l a n d  a d d in g  h o t  ace tone) gave th e  su b s ta n c e  w ith  m .p . 287— 290 °C. This 
p ro d u c t show ed no dep ress io n  o f th e  m .p . w ith  pu re  so lason ine. T he re su lts  o f C, II , N, О 
analy sis  w ere also co n s is ten t w ith  those  of solasonine, a n d  q u a li ta t iv e  c h ro m a to g ra p h y  of the  
hyd ro ly sis  p ro d u c ts  show ed th e  p resence of th e  sam e ag lycone  an d  su g a r co m p o n en ts  as 
o b ta in a b le  from  solasonine.

T he N -nitroso  d e r iv a tiv e  w as p rep ared  in  th e  sam e w ay  as described  fo r su b s tan ce  B , 
T h is  gave no depression  of th e  m .p . w ith  th e  N -n itroso  d e r iv a tiv e  o f  a u th e n tic  so lason ine, and 
show ed in TLC an id en tica l b e h av io u r (R j — 0.37, on  silicagel G. w ith  so lv en t 2d).

P erm ethy lation  of so larad ix ine

4.2 g of so la rad ix in e  (d ried  in  a vacu u m  of 0.5 m m -IIg  over m ag n esiu m  p erch lo rate  
fo r 48 hrs. a t  110 °C) w as d isso lved  in 90 ml o f fresh ly  p u rif ied  d im e th y lfo rm am id e , and  30 g 
o f fresh ly  p rep ared  silver ox id e  w as ad d ed  [7]. T he in te rn a l te m p e ra tu re  was m a in ta in e d  below 
5 °C and  30 ml o f m e th y l iod ide  w as added  in sm all p o rtio n s , u n d e r  sh ak in g . T h e  m ix tu re  
w as th en  shaken  fo r 70 h rs. T h e  p re c ip ita te  was filte red  off, a n d  25 g of fresh ly  p re p are d  silver 
ox ide  an d  25 ml o f m e th y l io d id e  w ere ad ded  to  th e  so lu tio n , a n d  th e  m ix tu re  w as shaken  for 
30 hrs. A fte r th is p e rio d , th e  new  p re c ip ita te  w as f ilte red  off, w ashed  w ith  a sm all am o u n t 
o f  d im eth y lfo rm am id e , a n d  100 ml o f chloroform  w as ad d ed  to  th e  f i ltra te .

T he p re c ip ita te  w as d isso lved  in a so lu tion  o f 20 g o f  p o tass iu m  cy an id e  in  300 ml 
o f w a te r, and  th e  ch lo ro fo rm  ph ase  w as sep a ra ted  from  th e  aq u eo u s layer. T he aq u eo u s phase 
w as e x tra c te d  w ith  fu r th e r  6 X 1 0 0  m l po rtio n s o f ch lo ro fo rm , an d  th e  co m b in ed  chloroform  
ph ases were w ashed w ith  2 X 5 0  m l o f w ater. A fte r d ry in g  o v er sod ium  su lfa te , th e  chloroform  
so lu tion  was e v ap o ra ted  to  d ry n ess. T he ev ap o ra tio n  resid u e  w as a yellow ish -w hite  solid 
(5.53 g), m .p . 126— 138 °C. D ry in g  in vacu u m  over p h o sp h o ru s  p e n to x id e  fo r 3 h rs . a t  100 °C 
d id  n o t  a lte r  th e  m .p .

5 g o f the  p ro d u c t w as d isso lved  in 150 ml o f in e th a n o l. 30 ml o f  w a te r  a n d  10 g of 
fresh ly  p rec ip ita ted  silver ox ide  w ere ad d ed , and  the  m ix tu re  w as sh ak en  fo r 12 h rs . a t  room  
te m p e ra tu re . A fter th e  re m o v a l o f th e  p re c ip ita te , th e  so lu tio n  w as e v a p o ra te d  to  dryness. 
T h e  residue was a pale  yellow  solid , m .p. 146— 151 °C, [oc]q2 =  43.1° (c =  1, m ethano l). 
A ccording to  th e  in fra re d  sp e c tru m , th e  sub stan ce  d id  n o t  c o n ta in  free  h y d ro x y l group.

Ce1H 1090.MN (1228.5). Calcd. C 62.2; H  8.9; O C H 3 (12) 30.3. F o u n d  C 61 .5 ; H 9.02; 
O C H 3 28.43% .

T o ta l hydrolysis of p e rrn e thy l-so larad ix inc

5.3 g of p e rm e th y l-so la rad ix in e  was re flu x ed  fo r 6 h rs. w ith  120 m l o f  a 5 %  solu tion  
of HC1 in abs. m e th an o l. A fte r  cooling, 100 ml o f w a te r  w as a d d ed , a n d  th e  m ix tu re  was 
c o n ce n tra ted  in v acu u m  to  a b o u t  90 m l. 7 ml o f cone. HC1 w as a d d ed , an d  th e  m ix tu re  was 
boiled fo r 4 hrs. A fte r cooling , th e  p re c ip ita te  w as filte red  o ff (1.7 g a f te r  d ry in g ).

T he acid so lu tion  w as tre a te d  w ith  c larify ing  c a rb o n , an d  e x tra c te d  w ith  10X 150  ml 
o f chloroform .

(a) Examination o f the chloroform phase

T he com bined pa le  ye llow  ch loroform  so lu tions w ere w ashed  w ith  N a H C 0 3 solu tion , 
th e n  w ith  w a te r u n til n e u tra l,  d ried  w ith  sodium  su lfa te , an d  ev ap o ra te d . A s tick y  brow n 
residue  (1.52 g) was o b ta in e d . G as-liqu id  c h ro m a to g rap h y  show ed th is  su b s tan ce  to  be  a m ix 
tu re  o f 2 ,3 ,4 ,6 -te tra -O -m ethy l-D -g lucose  and  2 ,3 ,4 -tri-O -m ethy l-L -rham nose .

A m ix tu re  o f 25 g o f D arco-G  60 and  25 g o f C elite  535 w as tre a te d  w ith  cone. IIC1, 
w ashed  n e u tra l w ith  d is tilled  w a te r , th e n  w ashed w ith  ab s. e th an o l. F ro m  th is  ad so rb en t 
m ix tu re  a colum n of 3 cm  d ia m e te r  w as p rep ared  using  5 %  aq u eo u s m eth y l k e to n e . 1.4 g 
o f th e  ev ap o ra tio n  residue  w as d issolved in th e  sam e so lv en t, a n d  e lu ted  on th e  colum n. 
F ra c tio n s  o f 15 ml w ere ta k e n . T h e  ch ro m ato g rap h ic  re su lts  a re  show n in T ab le  V II .
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Table VII

Chromatography o f the evaporation residue 
o f the chloroform phase on a Darco-Celite column

F rac tio n ,
No.

W e ig h t  o f th e  
e v a p o ra t io n  

re s id u e
(g)

W h a tm a n  1 p a p e r ,  so lv en t 
m ix tu re  5c, d e te c tio n  
w ith  a n ilin e  p h th a la te

1— 15 0.61 2,3,4-trim ethyl-L-rham nose

16— 24 0.13 no spo t

25— 38 0.52 2,3,4,6-tetram ethyl-D -glucose

Run in a mixture, 2,3,4-tri-O-inethyl-Lriiamnose and 2,3,4,6-tetra-O-methyl-D-glucose 
did not give separate spots. In pure state, and detected with aniline phthalate, the spot of
2,3,4-tri-O-methyl-L-rhamnose was brown, that of 2,3,4,6-tetra-O-methyl-D-glucose red, while 
visualization with triphenyltetrazolium hydroxide gave pink colour with 2,3,4-tri-O-methyl- 
L-rhamnose, and no colour with 2,3,4,6-tetra-O-methyl-D-glucose.

T h e  ev ap o ra tio n  residue  o f  f ra c tio n s  1— 15 was d isso lved  in choro fo rm , filte red , and  
th e  c le a r  so lu tion  e v ap o ra ted  a g a in  in  vacu u m . The resid u e  w as a pale  yellow  sy ru p , w hich 
g av e  on W h a tm an  1 p a p e r w ith  so lv e n t m ix tu re  5c an  R f v a lu e  of 0.81, [oc] q3 =  + 2 5 .3  
(c =  1, w a te r)  (lit [7] [a ]p  =  + 2 7 .5 ° ,  c =  1, w ater). T he in fra re d  sp ec tru m  o f th e  su b stan ce  
w as id e n tic a l  w ith  th a t  o f a u th e n t ic  2 ,3 ,4 -tri-O -ine thy l-L -rhainnose ; th e  C, H  a n d  O C H 3 
a n a ly se s  w ere in good ag ree m e n t w ith  th e  calculated  v a lu es.

T h e  anilide of th e  su b s ta n c e , p re p a re d  according to  K u h n  et al. [7], gave  a f te r  sub li
m a tio n  a n d  recry sta lliza tio n  fro m  p e tro leu m  e th e r, fin e  need le  c ry s ta ls , m .p . 120— 122 °C, 
[a jp  =  + 1 3 8 °  (c 0.66, e th a n o l);  lit. [7] m .p. 124— 125 °C. T h e  C, H an d  N  analyses were 
in  g o o d  ag reem en t w ith  th e  c a lc u la te d  values.

T h e  brow n resinous e v a p o ra tio n  residue of frac tio n s  25 38 was d isso lved  in w ater,
c e n tr ifu g e d , and  th e  clear so lu tio n  ev ap o ra te d . R ep ea ted  re c ry s ta lliz a tio n s  fro m  e th e r-p e tro 
leu m  e th e r  yielded colourless n eed les , m .p . 90 93 °C; th e  su b s ta n c e  d id  n o t  give m .p . dep res
sion  w ith  a u th e n tic  2 ,3 ,4 ,6 -te tra -O -m ethy l-a-D -g lucose , [a ]p  =  + 9 2 °  (c =  1, w a te r)  —► 84.5° 
(24 h rs .)  ( lit . [24] m .p. 90— 96 °C ; [a]f) =  + 9 1 .5 °  —*- + 8 4 ° ) .  U sing  so lv en t m ix tu re  5c, th e  
Ry v a lu e ,  0.80, was th e  sam e as t h a t  o f a n  au th en tic  sam ple . T h e  in frared  sp ec tru m  and  th e  C 
a n d  H  an aly ses were also c o n s is te n t w ith  th e  given s tru c tu re .

(b) E xam ination o f the aqueous phase

A fte r  th e  e x trac tio n  w ith  ch lo ro fo rm , the  residual aq u eo u s phase  w as n e u tra liz ed  w ith  
A m b e r li te  IR -4B , and e v a p o ra te d  in  v a cu u m . T he residue  (2.38 g) w as a d a rk  b ro w n  sy rup , 
w h ic h  g av e  th ree  c h ro m a to g ra p h ic  sp o ts  (W h atm an  1 p a p e r , so lv en t m ix tu re  5c). O f these, 
th e  to p m o s t  was due to  an  im p u r i ty  (c o n ta m in a tio n  of th e  m e th y la te d  su g ar m ix tu re , recovered  
fro m  th e  chloroform  phase  as d e sc rib e d  above). U nder th is  sp o t tw o new  sp o ts  w ere ex h ib ited  
(Ry 0.70  a n d  0.42; Rq 0.85 a n d  0 .51 ). A n  au th en tic  sam p le  o f 4 .6 -d i-O -m ethyl-a-D -galactose  
g av e  th e  sam e Ry as th e  low er sp o t .  A u th e n tic  2,3,6-, 2,4 ,6- a n d  3 ,4 ,6 -tri-O -m ethy l-D -g lucose 
sa m p le s  h a d  all nearly  id en tica l Ry v a lu e s  w ith  th a t  o f o u r  su b s tan ce  m ig ra tin g  to  a g reater 
d is ta n c e .

P rep a ra tiv e  se p a ra tio n  by paper ch ro m ato g rap h y

2.2 g of the  above e v a p o ra tio n  residue was d isso lved  in 5 m l o f 90%  m eth a n o l, and  
0.5 m l o f  th e  solution w as a p p lie d  w ith  a m ic ro p ip ette  on each  o f ten  W h a tm a n  3 papers 
(4 0 X 3 6  cm ) in a strip  o f 5 m m  w id th ,  p a ralle l to  th e  low er edge of th e  p a p e r , a n d  a t  a heigh t 
o f  5 cm  fro m  th e  sam e. T he c h ro m a to g ra m s  were ru n  w i th  th e  u p p e r  phase  of so lv en t m ix tu re  5c, 
w ith  a scen d in g  techn ique, to  a  f r o n t  d is tan c e  of 28 cm. A fte r  th e  d ry in g  of ihe  ch ro m ato g ram s, 
3 in d ic a to r  strip s  (3 m m  w ide) w ere  c u t  o u t  from  each  sh ee t (from  th e  tw o ends a n d  th e  m iddle). 
T h e  sp o ts  on  th e  in d ica to r s tr ip s  w ere  v isua lized  w ith  an ilin e  p h th a la te , a n d  u sin g  th is  in d i
c a t io n  a s  a  guide, th e  req u ired  b a n d s  wrere  cu t o u t from  th e  u n tre a te d  p a p e r p a r ts . T h e  papers 
w ith  id e n tic a l bands were co llec ted  a n d  cu t to sm all p ieces, th en  p laced  in to  a cen trifug ing
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tube, strirred for 1 hr. w ith  300 ml of 90% m ethanol, and centrifuged. E xtraction  w ith m ethanol 
was tw ice repeated, and the combined extracts were evaporated in vacuum .

Evaporation o f the extract of the slower running substance gave a brown syrup (400 mg), 
which becam e crystalline. It was dissolved in 2 ml of boiling abs. ethanol, 6 ml o f  e th y l acetate  
w as added, and the m ixture was allowed to stand in a refrigerator. Colourless crystal needles 
separated, m.p. 141 142 °C, |a ] |j  =  -j 138° (c -  0 .5 , water) —► 75.7° (18 hrs.); lit  [24] in.p.
140.5 °C. [a ]o  •— -j-135° — -f-76° (16 hrs.). The product did not give m .p. depression with  
auth en tic  4 ,6-di-O -m ethyl-a-D -galactose, and had an identical infrared spectrum . The С, II 
and OCH3 analyses were in good agreem ent w ith  the calculated values.

The osazone prepared according to B a c o n  el al. [25] was yellow needles, m .p. 159 
1 6 1 °C , [«Id • 50.3 (c 0 .5, chloroform ) - f-121° {24 hrs.) * 21 (150 hrs.); lit . [25]
m .p. 1 6 0 —162 °C, [o ]2l(; 4 50° -+ 21° (143 hrs.).

E vaporation  o f the extract o f the substance m igrating to a greater d istance gave 470 mg 
of a brown syrup. U sing sm all Darco-Celite (1 : l )  colum n (2 c m X l5  cm ), the substance was 
clarified in 0.5% aqueous m ethyl ethyl ketone solution , then evaporated to yield a pale yellow  
syrup, which could not be crystallized; [a]2p =  -f-71° (c 0.5, water); this va lue  did not 
change on standing. A uthentic 2,3,6-, 2,4,6- and 3,4,6-tri-O -m ethyI-n-glucoses and th is sub
stance gave (W hatm an 1 paper, solvent m ixture 5c) the R j  and R q  values shown in Table V III.

T a b le  V III

Paper chromatography o f  trimethyl-D-glucoses

S u b stan ce
W h a tm a n  1, a scend ing , 

so lven t m ix tu re  5c

R ! « 0

2,3,6-Tri-O-methyl-D-glucose 0.69 0.88
2,4,6-Tri-O-methyl-D-glucose 0.67 0.84
3,4,6-Tri-O-met hyl-D-glucose 0.71 0.86
Isolated substance to be identified 0.70 0.85

The authentic trim ethylglucose sam ples and our own substance were in vestiga ted  on 
W hatm an 1 paper w ith  four different sugar reagents. The results of these tests, supplem ented  
w ith the literature data of 2,3,4-tri-O -m ethyl-D -glucose, which was not availab le to us, are 
sum m arized in Table IX .

On the basis o f its colour reactions, the sugar derivative to be identified  is 3,4,6-tri- 
O-met hyl-D-glucose.

T a b le  IX
Colour reactions o f  trimethyl-D-glucoses

R eag en t
T ri-O -m ethy l-D -g lueose S u b stan ce

in v estig a ted Colour
2,3,4- 2,3,6- 2,4,6- 3,4,6-

Triphenyltet rázol iuin 

hydroxide [261
pink

P eriodate-perm anga

nate 1271
- + + yellowish brown

Periodate—benzidine

|28)
colourless in 

blue back
ground

Dim ethylaniline

1291

purple
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ACTA C H IM IC A

том. 63 — вып. 3 

Р Е З Ю М Е

Взаимодействие между [ PtCl4] 2 и К на основе ИК-спектров
кристалла К2Р(С1.!

Ф . Т ё Р ё К

Изучались силовые постоянные, совместимые с ИК активными частотами спектра 
кристалла K2PtCl., с одной стороны, с учетом, связи между внутренними колебаниями в 
комплексном ионе и колебаниями решетки, а, с другой стороны, пренебрегая этим. Про
изводилось параметрическое определение силовых постоянных и было установлено, что 
взаимодействие с колебаниями решетки оказывает значительное влияние на силовое 
поле комплексных ионов. С помощью параметрического метода можно было судить о 
характере и степени взаимодействия.

Исследования в области количественной оценки ступеней ТГ в реакциях 
термического разложения, связанных с образованием двух газообразных 
продуктов, на основе термогравиметрических и ик-спектрофотометрических

измерений
А . Б .  К И Ш Ш

При изучении термического разложения, связанного с образованием газообраз
ных продуктов, измерение концентрации последних проводилось как термогравиметри
ческим, так и ИК-спектрофотометрическим методами. Таким образом, исследовалось 
термическое разложение парамолибдата аммония и паравольфрамата аммония, где из
мерялось изменение концентрации образующихся NH3 и Н20  в газовом пространстве.

Изучались возможности одновременной количественной оценки ИК-максимумов 
и ступеней ТГ-кривых. При знании исходных содержаний Ni l,, и Н20 в изучаемых соеди
нениях, после определения площади ИК-максимумов с помощью простых зависимостей 
определялись отношения количеств газообразных продуктов, образующихся на отдель
ных ТГ-ступенях. Для случая, когда начальные содержания NH3 и Н20  не известны, 
был разработан метод определения того, в каком количественном отношении образую
щиеся газообразные продукты принимают роль в образовании соответствующей ТГ 
ступени.

При условии одновременного выделения газообразных продуктов, из зависимости 
потери в весе на соответствующей ступени Дм =  M(Nh3) +  М(н2о) и отношения M(Nh3>: 
М(н2о), определяемого с помощью ИК-кривых с максимумами," могут быть определены 
уже сами величины M(n h 3) и  м (í i 2о)■

Растворяющая вольтамперометрия соединений Se IV на электроде висячей
ртутной капли

Ф .  В А Й Д А

Селенистая кислота в присутствии галогенидов дает комплекс, который адсорби
руется на поверхности электрода висячей ртутной капли. Явление адсорбции может быть 
использовано в технике удаления покрытия катодным растворением. Токовый пик по
зволяет чувствительное и селективное количественное измерение. Se(IV) дает токовый 
пик растворения и при другом потенциале, а именно, где появляется кривая растворения 
твердого продукта, образовавшегося в предыдущей ступени восстановления.



Возможности совместного применения рентгено-диффрактометрических 
и дериватографических измерений для количественного фазового анализа 

бокситов и подобных им пород
Д Ь .  Б А Р Д О Ш Ш И

Во введении автор приводит обзор работ в области рентгено-диффрактометриче
ских и дериватографических исследований бокситов. Было исследовано 102 образца 
венгерских и иностранных бокситов, для которых вместе с рентгено-диффрактограммами 
снимались также дериватограммы и проводился химический анализ. Целью исследований 
являлись их сравнение и определение возможностей их совместного использования.

Помимо возможностей определения отдельных минералов, автор рассматривает 
также пределы их обнаружения. В табл. 1 приводятся результаты обнаружения мине
ралов.

Дериватограммы оценивались статистическими методами. Подробно описываются 
наблюдения, полученные с отдельными бокситными минералами. Помимо этого, приво
дится несколько дериватограмм таких минералов, найденных в бокситах, о которых до 
сих пор в литературе не приводились такого рода данные. Это — литиофорит, алюминит 
и таковит.

В 3-ей части сообщения автор занимается вопросами количественного определения 
минералов. В случае хорошо гомогенизированных образцов результаты двух методов 
совпадают в пределах 0,5%. По сравнению с результатами химического анализа оба 
метода показывают избыток воды на 0,2—2,2%. Автором экспериментально было доказано, 
что этот избыток воды обусловлен адсорбированной (хемосорбированной) водой, которая 
выделяется при температуре выше 100° С. В рыхлых пористых бокситах количество 
адсорбированной воды выше, чем в твердых уплотненных образцах. Помимо этого, в 
богатых железными и мангановыми минералами бокситах, связывается наибольшее ко
личество воды.

В разработке новых, до сих пор неисследованных месторождений совместное при
менение этих двух методов приобретает особенно важное значение, вследствие, Так наз., 
минералогических источников ошибок, влияющих на рентгеновские константы на 5—20%. 
С помощью дериватограмм и химического анализа эти константы могут быть соответст
венно модифицированы, и тем самым может быть обеспечена точность измерений. При 
совместном использовании рентгенодиффрактометра и дериватографа минеральный со
став других осадочных и пирокластических пород может быть определен с достаточной 
точностью.

Электронно-микроскопическое исследование окисного слоя образовав
шегося на поверхности химически обработанного монокристалла германия

Й . Г И Б Е Р ,  Э . Л .  Ц А Р А Н  и  М . В Э Г Н Е Р

Исследовалось методом электронной микроскопии влияние разных травителей 
содержащих в качестве окисляющих компонентов азотную кислоту или перекись водо
рода на морфологические и структурные свойства окисных слоев, полученных на поверх
ности монокристалла германия.

Установлено, что в случаях травления в «CPI, СР4А» и в перекиси водорода, содер
жащем гидроокись калия достаточно длительное время травления приводит к образованию 
непрерывных, однородных, гладких окислых слоев.

В случаях использования азотной кислоты и травителей, содержащих азотную 
кислоту обнаружены окисные зерна гексагональной структуры в температурном диа
пазоне травления 25—50° С.

В случаях-более толстых слоев (Ge02) гекс был идентифицирован и методом рент
геновского структурного анализа.

При травлении в перекиси водорода не содержащем соединения щелочных метал
лов как при комнатной температуре, так и при 110° С получается окись гексагональной 
структуры.

В случаях травления при 110° С в перекиси водорода, содержащем карбонат лития 
или гидроокись калия наблюдалось присутствие тетрагональной окиси в форме несра- 
щенных зерен или образований вырастающих на основной окиси.

Наши результаты находятся в согласии с часто наблюдавшимся эксперименталь
ным фактом, высказанным в правиле Гей—Люсака—Освальда: при более низких тем
пературах образуется термодинамически менее стабильный (GeOa) гекс.



Предполагается, что основные соединения щелочных металлов, а также повышен
ная температура совместно предупреждают «замерзание» нестабильной модификации и 
ускоряют образование тетрагональной окиси германия, стабильной термодинамически 
при температурах ниже 1033° С.

Определение истинного состава смеси уксусной кислоты с четыреххлористым 
углеродом из диэлектрических свойств и на основе модели трехкомпонент

ной смеси типа А—Аг—В, II
я. лиси

В данном сообщении проводится интерпретация данных, изложенных в первой 
части. Изучалась погрешность, вводимая в расчет истинного состава смеси в связи с не
точностью данных для расчета. Было установлено, что среди этих данных наибольшую 
неопределенность расчетного состава вызывает погрешность в экспериментальной ди
электрической постоянной.

Адсорбция на твердой фазе из растворов, содержащих полярный компонент
С . К .  С У Р И  и  В . Р А М А К Р И Ш Н А

Определялась адсорбция из бинарных растворов нитрометана, а также нитробен
зола в бензоле, циклогексане и диоксане, соответственно, на хроматографическом сили
кагеле при 20° С и на окиси алюминия при 30° С. В то время, как на силикагеле проис
ходит почти однослойная, на окиси алюминия — многослойная адсорбция. Адсорбция 
же из диоксан-нитрометановых растворов, как было найдено, является почти полу- 
однослойной или даже меньше.

Термодинамическая обработка, описанная в общих чертах Шай и Надь (3,4) и 
Эверетт (5,6), распространялась на адсорбированную фазу для данных случаев. В боль
шинстве случаев результаты, полученные различными методами, имеют хорошее согласие. 
Адсорбция на свободной поверхности жидкости также сравнивалась с адсорбированным 
слоем на поверхности твердой фазы. Степень адсорбции на единицу поверхности твердой 
фазы оказалась в 2 - 4 раза выше степени адсорбции на свободной поверхности жид
кости.

Изучение диффузионного потенциала в растворах с постоянной ионной
силой

В растворах с постоянной ионной силой изучалось путем измерений электродного 
потенциала появление диффузионного потенциала и возможность его расчета для случая, 
когда вплоть до 50%-ов одновалентного катиона (щелочной металл) замещалось ионами 
водорода.

Полагая, что до некоторых пределов отдельные коэффициенты активности и про
водимости постоянны, для потенциала диффузии было выведено следующее уравнение 
(формально подобное уравнению Хендерсона):

Е ,  59.15 Ig 11 +  h Л,"'АВ ).
' т ■ *т,АВ I

где 59,15 представляет собой постоянную, выраженную в мв и характерную для 25° С; 
h - общая концентрация кислоты и т исходная концентрация электролита. Согласно 
нашему исходному положению, ЯтНВ эквивалентная проводимость (которая может 
быть измерена и рассчитана соответствующим методом) кислоты в т молярном растворе 
основного электролита и Ят АВ эквивалентная проводимость т молярного раствора 
основного электролита.

Определяя эти величины с помощью независимых измерений проводимости, могут 
быть рассчитаны отношение, фигурирующее в вышеприведенном уравнении, которое в 
пределах одной системы является постоянным (К). Для них были получены следующие 
значения: в 1,00 М растворе (К)С1 — 1,819, в 0,20 М растворе (К)С1 — 10,86 и в 1,00 М 
растворе (Na)CI04 2,929 (в единицах М-1).

Л .  Б А Р Ц А ,  Л .  Ш Т Р О Б Л  и  Б .  Л Е Х О Ц К И



С помощью величины К  и принимая во внимание диффузионный потенциал, вели
чина измеряемой электродвижущей силы может быть описана весьма простым и удобным 
для использования уравнением:

Ет =  Ео +  59,15 I g - ^ .

Справедливость данной зависимости проверялась и была доказана потенциомет
рическими измерениями в вышеупомянутых пределах, что означает в данном случае 
концентрацию кислоты 0,5 М. Это, в свою очередь, позволяет потенциометрическое изу
чение таких систем, которые до сих пор не удалось изучить потенциометрически или лишь 
с большой погрешностью.

Полярографическое исследование цитостатических производных
маннитола, IV

Кинетическое изучение реакций «Дегранола»
Б .  Я М Б О Р

Изучался механизм превращения «Дегранола» в этилениминовые соединения, а 
также исследовалось влияние экспериментальных условий, на основе чего были сделаны 
следующие заключения:

1. При pH <  6 и при 25° С образуется, в основном, моноэтилениминовое произ
водное. Это соединение не дает подпрограммы, соответствующей бис-производным. Реаги
рует с тиосульфатом в течение нескольких часов, образуя при этом соединение, дающее 
хорошо определенную полярограмму. Такую же подпрограмму, но с волной вдвое выше 
дает соединение, образующееся при взаимодействии бис-этилениминового производного с 
тиосульфатом.

2. При pH ал 6 циклизация второй этиламиновой группы происходит весьма 
медленно. При более высоких pH полная циклизация моноэтилениминового производного 
протекает весьма легко. В растворе с исходно установленным более высоким значением 
pH (напр. pH =  8), эти две ступени не отделяются.

3. При 37° С в ионной среде, приближающейся к ионной среде крови большая 
часть «Дегранола» реагирует с гидрокарбонатом воды, давая неэффективное оксазолидо- 
новое соединение, при этом циклизуется лишь около 10—15%.

4. Присутствие буферов (при высоких концентрациях) понижает циклизацию, а 
не, или лишь незначительно влияет на отщепление хлора. Сульфат натрия не оказывает 
никакого влияния.

5. Циклизация свеже растворенного «Дегранола» в присутствии трехвалентного 
буфера начинается лишь по истечении некоторого индукционного периода. Продолжи
тельность последнего зависит от природы буфера, его концентрации и т. д.

6. Концентрация «Дегранола» практически не оказывает влияния на скорость 
реакции, выраженной в %-ах, как при циклизации, так и при отщеплении галогена.

Глизкозиды видов Solanum, IV
Соларадиксин

П .  Б И Т Е ,  М . М . Ш А Б А Н А ,  Л .  Й О К А И  и  Л .  П О Н Г Р А Ц - Ш Т Е Р К

Было установлено, что строение соларадиксина, изолированного из коры корня 
Solanum laciniatum соответствует строению О—L-рамнопиранозил (1 а-► 2)-0-[О—-D- 
глюкопиранозил (1/? 2)-0-глюкопиранозил] (1/9 -► 3)-0 — Б-галактопиранозил(1/9 -*■ 3)- 
соласодина.
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POLAROGRAPHIC AND YOLTAMMETRIC 
CHARACTERISTICS OF Te(IY) AND Te(VI) COMPOUNDS

F . Vajda

(M in ing  Research Institute , B udapest)

R eceived S ep tem b er 27, 1968

The b e h a v io u r  o f Te(IV ) a n d  Te(V I) ions a t  th e  d ro p p in g  m ercu ry  and  h an g in g  
m ercu ry  d rop  e lec tro d es has b een  stu d ied . B o th  io n ic  species have  been found  to  p ro 
duce an  an o d ic  s te p  or an  an o d ic -ca th o d ic  v o lta m m e tr ic  peak-coup le  in  th e  p o sitiv e  
p o ten tia l ra n g e . I n  ad d itio n  to  th e  re d u c tio n  p e ak s , m ax im a  also occur on th e  cyclic  
v o ltam m o g ram s reco rd ed  in th e  p o te n tia l  ran g e  o f  th e  re d u c tio n  processes. T he p roces
ses accom panied  b y  th e  fo rm atio n  o f  solid film s a re  w e ll-su ited  fo r th e  d e te rm in a tio n  
of te llu riu m  b y  s tr ip p in g  v o lta m m e try  an d  th e re b y  an  in creased  sen sitiv ity  o f th e  
p o larograph ic  m e th o d  is ob ta in ed .

Various tellurium compounds have been studied by many authors. 
S chwaer and Su c h y  [7] carried out the first studies, then Lingane  and 
N iedrach  [4], H a n s  andSTACKELBERG [2] and recently Schmidt and Stackel- 
berg  [6] investigated the polarographic behaviour of Te(IV). The polarogram 
from weakly alkaline solutions (pH =  8—9) consists of a single step and a m axi
mum occurring at the limiting current plateau. The diffusion current has the 
same value before and after the maximum. The 4-electron step corresponds 
to reduction to elementary tellurium.

TeO-j-  - f  4 e +  3 H 20  : Т е +  6 O H  (1)

T h e  occurrence o f th e  m ax im um  is in te rp re te d  as follow s. A t th e  p o ten tia l a t  
w h ich  th e  m ax im u m  develops an d  w hich  coincides w ith  th e  half-w ave p o te n tia l 
o f  Т е2 - , th e  te llu r iu m  deposited  on th e  d rop  su rface  dissolves while in  th e  
v ic in ity  of th e  d ro p  a v igorous s tream in g  a c tio n  ensues. The phenom enon  
can  be observed u n d e r  a m icroscope. A fter th e  m a x im u m , th e  process is

Т еО з_  +  6 e +  3 H 20  Т е2“ +  6 O I I ^  (2)

T h e  lim iting  c u rre n t, how ever, does n o t rise to  th e  6 -e lec tron  value , since th e  
re su ltin g  Те2- ions re a c t  w ith  T e 0 2~ diffusing to  th e  e lec trode:

2 Т е2-  +  ТеО з“  - f  3 H 20  3 Т е  +  6 О Н -  (3)

H ence, only  2/3 o f th e  te llu rite  ions reach  th e  e lec tro d e  u n changed  and  th e  
lim itin g  cu rren t re m a in s  a t  th e  4 -electron  v a lu e .

1 Acta Chim. Acad. Sei. Hung. 63, 1970
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I n  c o n tra d ic tio n  to  th e  n e g a tiv e  f in d in g s  of Lingane  a n d  N ied r a c h  [4 ], 
N o rton , Sto enner  an d  Medalia  [5] o b ta in e d  w ell-defined te l lu r a te  step s  
w ith  h a lf-w a v e  p o ten tia ls  v a ry in g  w ith  th e  p H . T he half-w ave p o te n tia ls  w ere  
d e te rm in e d  in  a v a r ie ty  o f base  e le c tro ly te s  an d  w ere fo u n d  to  b e  b e tw een  
1.2 У  a n d  1.7 V. B y  m icrocou lom etric  m easu rem en ts , th e  re d u c tio n  w as fo u n d  
to  in v o lv e  8 electrons, co n seq u en tly  th e  red u c tio n  proceeds to  th e  te llu rid e  
s ta te .  A s a n  in te rm e d ia te  p ro d u c t, e le m e n ta ry  te llu riu m  is also a ssu m e d  b y  
th e se  a u th o rs  to  ap p e a r in  th e  re d u c tio n . T h is is in d ica ted  b y  th e  f a c t  t h a t  in  
K C N  b a se  so lu tions m ore c o n c e n tra te d  th a n  0.1 M  th e  ano d ic  T e2— s te p  is 
re p la c e d  b y  a  m ax im u m .

Go k h stein  [1] ex am in ed  th e  re d u c tio n  o f Te(IY ) a t  th e  h a n g in g  m ercu ry  
d ro p  e lec tro d e . T he m easu rem en ts  w ere  p erfo rm ed  w ith  an  o sc illo p o la ro g rap h  
u s in g  a  m e rc u ry  anode. A fte r a p re -e lec tro ly sis  p rocedure , a t  — 0.32 V , w hich 
is m u ch  m o re  positive th a n  th e  re d u c tio n  p o te n tia l o f T e(IV ), a c a th o d ic -a n o d ic  
p e a k -c o u p le  w as o b ta in ed  w hose o rig in  re m a in e d  unex p la in ed . O n th e  v o lta m - 
m o g ram  reco rd ed  w ith  in creasin g ly  n e g a tiv e  p o ten tia ls , a w av e  a n d  a c u rre n t 
p e a k  o ccu rred  in  accordance w ith  th e  tw o -s te p  reduc tion . T h e  s tir r in g  ac tio n  
en su in g  in  th e  neighbourhood  o f th e  e lec tro d e  w ith  th e  ap p ea ran ce  o f  th e  peak  
w as o b se rv e d  u n d e r a m icroscope.

I n  th e  p re sen t w ork , th e  c h a ra c te r is tic s  o f te llu rium (IY ) a n d  te llu riu m (V I) 
w ere  e x a m in e d  b y  p o la ro g rap h ic  a n d  v o lta m m e tr ic  m eth o d s in  th e  co m p le te  
u se fu l p o te n tia l  range. C o n sidera tion  o f  th e  v o ltam m etric  cu rv es  su g g ested  
th e  p o ss ib ility  o f ap p ly ing  th e  s tr ip p in g  tech n iq u e  w hich p e rm itte d  th e  d e te r 
m in a tio n  o f  sm all am o u n ts  o f te llu r iu m .

Experimental

T h e  m easu rem en ts  w ere m ad e  w ith  a R a d e lk is  O H  102 ty p e  p o la ro g rap h  u s in g  th e  d ro p 
p in g  m e rc u ry  a n d  th e  h an g in g  m e rc u ry  d ro p  e lec tro d es. T he p o ten tia l v a lu es a re  re p o rte d  vs. 
th e  s a tu r a te d  calom el e lectrode. To c o m p e n sa te  th e  I R  p o ten tia l d rop , th e  cu rv es w ere  reco rded  
b y  e m p lo y in g  th e  th ree-electrode  sy s tem . A ll re a g e n ts  were o f an a ly tic a l g rad e  a n d  w a te r  has 
b een  de io n ized  on an  ion exchange  co lum n. F u r th e r  p u rif ic a tio n , w hich  is u su a l in  th e  s tr ip 
p in g  te c h n iq u e , w as fo u n d  to  be u n n ecessa ry . O x y g en  was carefu lly  rem o v ed  b y  b u b b lin g  an 
in e r t  gas th ro u g h  th e  so lu tions. A 0.5 M  N aC 104 so lu tio n  w as used  as su p p o rtin g  e lec tro ly te  
w hose  p H  w as ad ju s te d  to  8.3 +  0.2 b y  th e  a d d itio n  of N a 2C 0 3.

Tellurium(rV) ion

L in g a n e  and  N iedrach  [4] fo u n d  t h a t  th e  m ax im um  o ccu rrin g  on th e  
p o la ro g ra m  of ТеО з~ ions w as u n a ffe c te d  b y  usual m ax im u m -su p p resso rs . 
A cco rd in g  to  our o b se rv a tio n s, i t  c a n  be g rea tly  decreased  b y  th e  a d d itio n  of 
g e la tin  to  th e  so lu tion , th o u g h  i t  is n o t  com ple te ly  e lim in a ted  ev en  a t  a ge la tin  
c o n c e n tra tio n  of 0 .01% . T h a t  is, th e  in c o rp o ra tio n  of ge la tin  in to  th e  so lu tion

Acta Chim. Acad. Sei. H ung. 63, 1970
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s to p s  th e  tu rb u le n c e , b u t  i t  does n o t  s to p  th e  ad h eren ce  a n d  d isso lu tio n  o f  th e  
d ep o sited  te llu riu m  film , and  th is  p rocess is ap p rec iab le  even  on th e  c o n tin u o u sly  
renew ed  m ercu ry  surface (F ig . 1).

In  view  o f th e  foregoing, th e  cyclic v o lta m m o g ra m  reco rd ed  w ith  th e  
h an g in g  m ercu ry  d ro p  e lec trode  fro m  a c a rb o n a te  b u ffe r  co n ta in in g  0 .0 1 %  of 
g e la tin  is in te rp re te d  as follows.

T he w ave co rresponds to  p rocess (1) an d  th e  p e a k  rep resen ts  th e  d isso lu 
tio n  o f th e  te llu riu m  deposit:

T c +  2 e =  Т е2"  (4)

N o c u rre n t p eak  w as observed  in  th e  second h a lf  o f th e  cycle (F ig . 2).
In  th e  absence  o f c ap illa ry -ac tiv e  su b stan ces , th e  cyclic v o ltam m o g ram  

is m odified . T he p e a k  in  th e  f irs t  h a l f  o f th e  cycle is h ig h e r, b u t  a m ore  p ro m i
n e n t  fea tu re  is th e  large  ca th o d ic  c u r re n t p eak  p ro d u ced  in  th e  second  h a lf  of 
th e  cycle (Fig. 3). T h e  la t te r  c a n n o t be  ex p la in ed  b y  a n y  e lec tro d e  process 
since th e  p o te n tia l o f  th e  ca th o d ic  c u rre n t p eak  is a t ta in e d  from  th e  d irec tio n  
o f  n eg a tiv e  p o te n tia ls . T he e x p la n a tio n  is g iven  b y  m icroscopic  e x a m in a tio n s . 
In  v iew  of E qs (2) a n d  (3), a t  p o te n tia ls  m ore n eg a tiv e  th a n  th a t  o f  th e  p eak , 
e lem en ta ry  te llu riu m  is a ccu m u la ted  in  th e  so lu tio n  la y e r  covering  th e  m ercu ry  
d ro p , th e  process b e in g  easily  o b serv ed  u n d e r m icroscope or a h ig h -p o w ered  
m agn ifier. W hen th e  p eak  in  th e  second  half-cycle  beg ins to  rise, a v igorous 
m o tio n  o f th e  te llu r iu m  ‘cloud’ ensues an d  th e  so lu tio n  lay e r a d h e re n t to  th e  
m e rc u ry  drop  is d is ru p te d  and  sc a tte re d  in to  th e  b u lk  o f th e  so lu tion . T h u s  th e  
o bserved  peak  is n o t a s trip p in g  p h en o m en o n  b u t  a p u re  m ax im u m  o ccu rrin g  a t  
th e  h an g in g  m ercu ry  d rop  an d , o n  ad d in g  g e la tin  to  th e  so lu tio n , i t  c an  be.

1* Acta Chim. Acad. Sei. Hung. 63, 1970‘

Fij(. 1. Polarogram s for 5 - 1 0  4 M  TeO f in a carbonate buffer o f pH  8.3 contain ing a: 0% , 
6: 0.001% , c: 0 .005% , d: 0.010%  o f gelatin
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su p p re sse d  in  th e  sam e w a y  as o rd in a ry  p o la ro g rap h ic  m ax im a . I f  th e  so lu tion  
is k e p t  s t ir re d  u n til th e  m o m e n t t h a t  th e  m a x im u m  begins to  rise, t h a t  is th e  
te l lu r iu m  form ed in  th e  p rocess is d riv en  aw ay  fro m  th e  n e ig h b o u rh o o d  o f th e  
d ro p , a  considerab ly  lo w er m a x im u m  ap p ears . T h is m eans t h a t  th e  m o m en t 
th e  p ro d u c tio n  of te llu r id e  ions ceases a t  th e  e lec tro d e , th e  te llu r iu m  “ cloud”  
p la y s  a n  im p o rta n t p a r t  in  b rin g in g  ab o u t th e  tu rb u le n c e .

-E

Fig. 2. Cyclic v o lta m m o g ra m  o f  5 • 10-4  M  Te(IV ) in  a  c a rb o n a te  b u ffer +  g e la tin  base
so lu tio n ; p H  =  8.3

T h e  peak  in  th e  f i r s t  h a lf-cycle  is co n sid e rab ly  h ig h er th a n  i t  is from  
so lu tio n s  con ta in ing  g e la tin . I n  th is  case, th e  p e a k  is com posed o f th e  s tr ip p in g  
c u r r e n t  an d  th e  m a x im u m  p ro d u ced  by  tu rb u le n c e .

T h e  an o d ic -ca th o d ic  p eak -co u p le  w hich is re p o rte d  b y  Go k h stein  [1] to  
a p p e a r  a t  — 0.4 Y vs. SC E w as o b ta in ed  in  th e  p o sitiv e  p o te n tia l  ran g e , in  th e  
re g io n  o f  —(-0.1 V fro m  a h a lid e  free c a rb o n a te  b u ffe r so lu tio n  (F ig. 4). The 
h e ig h t  o f  th e  ca th o d ic  p e a k  p ro v e d  to  be a fu n c tio n  o f th e  tim e  e lapsed  b e tw een  
re c o rd in g  th e  tw o p eak s . C o n seq u en tly , w ith  th e  ap p ea ran ce  of th e  anod ic  w ave, 
a n  o x id a tio n  process ta k e s  p lace  in  th e  p resence  o f Т еО з~ ions an d  th e  solid 
p r o d u c t  deposited  on  th e  m e rc u ry  surface can  be  rev e rs ib ly  d isso lved . T he 
p e a k  p o ten tia ls  a re : -(-0-12 Y  a n d  -f-0.07 V fo r anod ic  a n d  ca th o d ic  peaks, 
re sp e c tiv e ly .

A  w ell-defined p o la ro g ra p h ic  step  w ith  a h a lf-w av e  p o te n tia l  o f —(—0.11 V 
w a s  o b ta in ed  w ith  th e  d ro p p in g  m ercu ry  e lec tro d e . As co m p ared  w ith  th e  
k n o w n  4-electron T e(IV ) s te p  (F ig . 5), a rev e rs ib le  2 -electron  anod ic  process is

4̂cta Chim. Acad. Sei. Hung. 63, 1970
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Fig. 3. Te(IV ) cycle in  a g e la tin -free  c a rb o n a te  
b u ffer base  so lu tio n ; p H  =  8.3

Fig. 4. T e(IV ) cycle in  th e  p o sitiv e  p o ten  
tia l ran g e . 1 • 10 4 M  T e(IV ) in  a  carbo  

n a te  b u ffe r  base  so lu tio n  o f p H  8.3

Fig. 5. A nodic  an d  ca th o d ic  T e(IV ) s tep s, a: 0, b: 4 • 10 4 M , c: 8 • 10 4 M  TeOjj in  a  c a r
b o n a te  b u ffe r  b ase  so lu tion  o f p H  8.3

to  be  assum ed , re su ltin g  in  th e  fo rm a tio n  of an  off-w hite H g 2T eO ;s film  w hich 
is inso lub le  in  th is  m ed ium

TeO'3-  +  2 H g =  H g 2T c 0 3 +  2 e  (5)

Acta Chim. Acad. Sei. H ung. 63, 1970
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T ellurium (V I) io n

I n  ou r ex p erim en ts  f i r s t  th e  p o la ro g rap h ic  s tep  (F ig . 6) re p o rte d  b y  
N o r t o n  e t al. [5], th e n  th e  cyclic  v o ltam m o g ram  (F ig . 7) h a v e  b een  recorded  
fo r  te llu ra te  ions. I n  th e  a n o d ic  half-cycle th e  m a x im u m  o b serv ed  also w ith 
T e (IY ) occurs acco m p an ied  b y  tu rb u len ce  a ro u n d  th e  m ercu ry  d rop . This

Acta Chim. Acad. Sei. H ung. 63, 1970

Fig. 6. Polarogram o f T e(IV ). 2 • 10 4 M  T e(V I) in  a carbonate buffer o f pH 8.3

Fig.  7. Cyclic voltam m ogram  o f  Te(VI). 2 • 10 4 M T e(V I) in a carbonate buffer of pH  8.3
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m ax im u m  is, h o w ev er, re a d ily  rem oved  b y  a d d in g  g e la tin  to  th e  so lu tio n . 
T h is  b e h a v io u r confirm s th e  a ssu m p tio n  o f  N o rto n  e t  al. concern ing  th e  
ap p ea ran ce  o f e le m e n ta ry  te llu riu m  as an  in te rm e d ia te .

S im ila rly  to  te llu r ite  ions, te llu ra te  ions also  gave rise to  an  anod ic  s tep  
a t  th e  d ro p p in g  m ercu ry  e lec trode  w ith  a h a lf-w av e  p o te n tia l o f  -}-0.06 У

Fig. 9. Te(VX) cycle in the positive potentia l 
range, a: 4 • 10~6 M , b: 1 • 10_ 4 JVi, c: 3 • 10“ 4 
M T e(V I) in a carbonate buffer base solution  

o f pH  8.3

Acta Chim. Acad. Sei. H ung. 63, 1970

Fig. 8. Anodic step  for Te(V I). 2 - 1 0  1 M  
T e(V I) in a carbonate buffer o f pH  8.3

w hich m a y  be a t t r ib u te d  to  th e  o x id a tio n  o f m ercu ry  an d  th e  fo rm a tio n  of 
H g(I) te llu ra te . (H g 2T e 0 4 form s a yellow  p re c ip ita te  in  n e u tra l or s lig h tly  
a lk a lin e  m edia .) ( c f .  F ig . 8).

T he cyclic v o lta m m o g ra m , recorded w ith  th e  hang in g  m ercu ry  d ro p  
e lec tro d e  in  th e  p o te n tia l  range  co rresp o n d in g  to  th e  p o la ro g rap h ic  s tep  
com prises an  anod ic  a n d  a ca th o d ic  peak . W ith  a n  increase  in  th e  c o n c e n tra tio n , 
a g rad u a lly  increasin g  second  ca th o d ic  p eak  a p p e a rs . T h e  p eak  p o te n tia ls  are : 
+  0.070 У  fo r th e  anod ic  a n d  + 0 .0 3 5  Y an d  0.0 Y fo r th e  ca th o d ic  peak s. T he 
d ifference b e tw een  th e  ano d ic  an d  ca th o d ic  p e a k  p o te n tia ls  is 35 mV, w hich  
co rresponds to  a ra p id  2 -e lec tron  charge tra n s fe r  in  acco rdance  w ith  th e  e x p re s 
sion  (3)

Л Е р =  (6)

(cf.  F ig . 9).
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T he s tripp ing  m eth o d

T h e  new  v o lta m m e tr ic  re su lts  p e rm it th e  ap p lica tio n  o f th e  s tr ip p in g  
te c h n iq u e  to  th e  d e te rm in a tio n  o f sm all a m o u n ts  o f te llu riu m  in b o th  o x id a tio n  
s ta te s .

I n  th e  case o f te llu r ite  ions, th e re  are  tw o  ca th o d ic  peaks w h ich  a re  su it
a b le  fo r  s trip p in g  an a ly sis . F o r  one p e a k  th e  e lec tro -d ep o sitio n  is accom plished  
a t  th e  p o te n tia l o f th e  an o d ic  p rocess, i.e. a t  -f-0.16 Y, w hile th e  so lu tio n  is 
b e in g  s tirre d , th e  re su ltin g  H g 2T e 0 3 is th e n  rem oved  b y  c a th o d ic  s trip p in g . 
F o r  th e  o th e r p eak , th e  p o te n tia l  is a d ju s te d  to  a v a lue  b e tw een  th e  tw o  steps 
o f  th e  stepw ise re d u c tio n , e.g. to  — 0.9 Y , a n d  a f te r  th e  e lec tro d ep o sitio n  is 
c o m p le te d , th e  e le m e n ta ry  te llu r iu m  on th e  m ercu ry  d rop  is re d u c e d  fu r th e r  
b y  a p p ly in g  in c reasin g ly  n e g a tiv e  p o te n tia ls  to  th e  e lec trode . T h e  peak- 
h e ig h t  is p ro p o rtio n a l to  th e  c o n c e n tra tio n  a n d  th e  tim e  of e lec tro ly sis , b u t  as 
i t  a p p e a rs  from  T ab le  I ,  b e t te r  re su lts  a re  o b ta in e d  b y  m easu rin g  th e  area  
( th e  coulom bs tra n sfe rre d )  u n d e r  th e  peak . T h e  sm allest T e(IV ) c o n c e n tra tio n  
d e te c te d  in  th is  w ay  w as 3 - 1 0 -7 M .  In  p ra c tic e , Te(IV ) can  b e  d e te rm in ed  
d o w n  to  a c o n cen tra tio n  o f  0.05 /ig /m l.

F o r  th e  d e te rm in a tio n  o f te llu ra te  ions b y  th e  s tr ip p in g  te c h n iq e , only  
th e  an o d ic  process ta k in g  p lace  in  th e  p o sitiv e  p o te n tia l ran g e  is su ita b le  th e  
e lec tro d ep o sitio n  p o te n tia l  b e in g  —(-0.10 V. I f  tw o  peaks are  o b ta in e d  in  th e  
s u b se q u e n t s tr ip p in g  p ro ced u re , th e  sum  o f th e  tw o  p eak -areas  is to  be ta k e n  
in to  acco u n t. Since th e  p e a k  p o te n tia l  is so m ew h at m ore n eg a tiv e  th a n  t h a t  fo r

Table I

Variation o f the height and area o f  the cathodic peak o f  tellurium with concentration and pre-elec
trolysis time

C ( M ) t  (sec) e ((a  Cb) I p  (flA)
e

-------103
c t

I p
—  - 103 

c t

5 X  1 0 - 5 60 23 10 .2 7 .6 5 3 .4

5 x  1 0 - 5 15 5.5 2 .7 7 .3 5 3 .6

S x  1 0 - 5 90 34 15.2 7 .5 7 3 .4

3 x i o - 5 60 14 6 .4 7 .7 8 3 .6

l x i o - 5 45 3 .15 1.6 7 .0 0 3 .6

ix  io-5 120 9 .2 3 .7 7 .6 8 3.1

7 X I O - 6 90 5.0 2 .1 7 .9 4 3 .3

5 x 1 0 - 5 36 0 14.2 2 .8 7 .3 2 1.5

2 x  10 — 5 60 0 .8 3 0 .3 5 6 .9 3 2 .5

l x  1 0 - 6 60 0 .4 4 0 .2 0 7 .33 3.3

Acta Chim. Acad. Sei. Hung. 63, 1970



V A JD A : POLARO G RAPH IC AND VOLTAMM ETRIC CHARACTERISTICS 361

te llu r ite  ions, sm all am o u n ts  o f  ch lo rid e  im p u ritie s  in  th e  base e le c tro ly te  do  
n o t  in te rfe re  w ith  th e  d e te rm in a tio n . T h e  sm a lle s t co n cen tra tio n  d e te c te d  fo r  
T e(V I) w as 2 - lO ~ 6M .
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ENTHALPY OF MIXING FOR 
ACETIC ACID-CARBON TETRACHLORIDE, I
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R eceived N ovem ber 1, 1968

The volum etric properties o f  th e  acetic  acid—carbon tetrachloride m ixtu re  have  
been investigated . I t  was found th a t the m olar vo lum e of acetic acid, as a m ix tu re  of 
m onom eric and dim eric acetic acid, is form ed b y  contraction  at 20°C. A qu asi-crystalline  
structure was assum ed for the liquid phase. It w as found th a t at 20°C the acetic  ac id -ca r
bon tetrachloride m ixture can be represented b y  a cubic lattice o f face cen tered  sym 
m etry. These results w ill be used in the second part o f  this com m unication, in  th e  in vesti
gation o f the en thalpy  of m ixing for the acetic  acid -carbon  tetrachloride m ixtu re.

In tro d u c tio n

In  a p rev io u s com m u n ica tio n  [1], th e  com p o sitio n  of ace tic  ac id —carb o n  
te tra c h lo r id e  m ix tu re s  co rrespond ing  to  th e  A — A 2— В  te rn a ry  m ix tu re  m o
del h as  been  d e te rm in ed  from  d ie lec tric  b e h a v io u r  to g e th e r w ith  so m e  m olec
u la r  p ro p ertie s  o f th e  com ponen ts. A ,  A  2 a n d  В  s tan d  for m o n o m eric  an d  
d im eric  acetic  ac id , an d  carbon  te tra c h lo r id e , resp ec tiv e ly . In  th is  p a p e r , th e  
e n th a lp y  changes associa ted  w ith  iso th e rm a l m ix in g  of acetic  acid  a n d  ca rb o n  
te tra c h lo rid e  w ill be  p resen ted .

T he d a ta  u sed  in  th e  d e te rm in a tio n  o f  th e  e n th a lp y  o f m ix in g  a re  ta k e n  
from  a p rev ious com m u n ica tio n  [1], a n d  co llec ted  in T able I . P e rm a n e n t  d i
pole m o m en ts  [i2 lis ted  in  th e  la s t co lum n  h a v e  been  ca lcu la ted , as show n 
in a fo rm er co m m u n ica tio n  [1], acco rd in g  to  th e  a p p ro x im a tio n  th a t  

—  0.92 (1 x 3).

Table I

XB *i X* *3 M*>>

. . . 0 .115± 0 .003 0 .8 8 5 ± 0 .0 0 3 0.000 0.92

0.2 0 .0 5 5 ± 0 .0 0 3 0 .6 2 1 ± 0 .0 0 3 0 .324± 0 .003 0.62

0.4 0 .0 2 7 ± 0 .0 0 3 0 .4 0 9 ± 0 .0 0 3 0 .564± 0 .003 0.40

0.6 0 .0 1 2 ± 0 .0 0 3 0 .2 4 2 ± 0 .0 0 3 0 .746±0 .003 0.23

0.8 0 .0 0 4 ± 0 .0 0 3 0 .1 0 9 ± 0 .0 0 3 0 .887± 0 .003 0.10

1.0 0.000 0.000 1.000 0.00

Acta Chim. Acad. Sei. H ung. 63, 1970
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M olecular d a ta  [1] fo r  th e  co m p o n en ts  o f  th e  A — A 2— В  ty p e  te rn a ry  
m ix tu r e  are show n in T a b le  I I .

Table II

P ro p e rty
M onom eric D im eric C arbon

acetic  ac id
te trac h lo rid e

M  (  „ 1  )
60.1 120.2 153.8

fi (D) 1.68 variable 0

a (cm3) 4.85 • 1 0 - 24 15.65 ■ 1 0 - 24 10.5- 1 0 ~ 24

T h e  d a ta  show n in T ab les  I  an d  I I ,  com b in ed  w ith  th e  know n m o lecu la r d i
m e n s io n s  p e rm it th e  d e te rm in a tio n  of th e  e n th a lp y  changes on iso th e rm a l 
m ix in g  o f  acetic acid w ith  c a rb o n  te tra c h lo r id e . I n  P a r t  I  o f th e  p re se n t p ap e r, 
th e  d e te rm in a tio n  of a v e ra g e  m olecular ra d ii a n d  th e  co o rd ina tion  n u m b e r 
w ill b e  described. T hese d a ta  will th en  b e  u tiliz e d  as show n in P a r t  I I .

A verage m o le c u la r  radii and th e  coo rd ina tion  num ber

In te rc h a n g e  energies p la y  a very  im p o r ta n t  role in th e  p re se n t ca lcu 
la t io n s .  I f  i and  y d en o te  th e  d iffe ren t m o lecu la r species, u is th e  av e rag e  in te r 
a c t io n  en e rg y  effective b e tw e e n  m olecules, a n d  z is th e  n u m b er of th e  n e a re s t 
n e ig h b o u rs  of a m olecule in  th e  m ix tu re , i.e. th e  coord ination  n u m b e r, th e n  
th e  in te rc h a n g e  energy  is d e fin ed  by  th e  fo llow ing  eq u a tio n  [2]:

1 1 m
w i j  =  w j i  =  2 u t j ------— u a ----- ~  u j j  U )

T h u s , in te rchange  e n e rg y  is defined  as h a l f  th e  energy asso c ia ted  w ith  
r e p la c in g  a single m olecule o f  p u re  su b stan ce  i b y  a single m olecule o f p u re  
s u b s ta n c e  j .  E q. (1) ta k e s  in to  accoun t o n ly  m o lecu la r in te rac tio n s  b e tw een  
n e a r e s t  ne ighbours; h o w ev er, th is  a p p ro x im a tio n  is th e  one generally  accep ted  
in  th e  l i te ra tu re  [3].

T h is  defin ition  o f in te rc h a n g e  energy  re q u ire s  th e  know ledge o f m o lec
u la r  d im ensions. In  th is  re sp e c t, m olecu lar d im ensions p lay  a tw o fo ld  role.

a )  T he  concept o f in te rc h a n g e  energy  inv o lv es  th e  a priori a s su m p tio n  
t h a t  t h e  m olecules possess dim ensions a n d  sh ap es  w hich allow th e ir  in te r 
c h a n g e  w ith in  a set t h a t  is s im ila r  to  a c ry s ta l  la ttic e .

b )  T he  dim ensions a n d  shape of m olecu les unequ ivocally  d e te rm in e  
th e  n u m b e r  of possible n e a re s t  ne ighbours, i.e. th e  m ax im um  co o rd in a tio n  
n u m b e r .

A c ta  Chim . Acad. Sei. Hung. 63, 1970
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T here is no ca lcu la tio n  m e th o d  in  th e  l i te ra tu re  w hich  w ould give th e  
co o rd in a tio n  n u m b e r fo r a rb itra ry  m o lecu la r d im ensions an d  shapes. In  th e  
d e te rm in a tio n  o f th e  co o rd ina tion  n u m b er, th e  a n a lo g y  to  a regu lar c ry s ta l 
la ttic e  m ay  be u tiliz ed . F o r th is  p u rp o se , h o w ev er, a s im p li fy in g  assumption  
w ill be in tro d u ced , viz. i t  will be d isreg a rd ed  t h a t  m onom eric  an d  dim eric ace 
tic  acid  m olecules h a v e  ellipsoidal shapes. W e a ssu m e  t h a t  all th e  com ponen ts 
consist o f spherical m olecules w ith  a p e rfec tly  ra n d o m  d is tr ib u tio n  w ith in  
th e  b u lk  liqu id . I t  is possible th a t  local “ is lan d s”  w ith  com positions d iffe ren t 
from  th e  average a re  fo rm ed  (due to  n o n -sp h erica l g e o m e try  an d  s trong  m olec
u la r in te rac tio n ) b u t ,  accord ing  to  Guggenheim [3], th is  does n o t p ra c ti
ca lly  affect th e  ca lc u la ted  m acroscopic  th e rm o d y n a m ic  p ro p erties . T h u s , 
in  th e  ca lcu la tion  o f  th e  th e rm o d y n am ic  p ro p e rtie s  o f  ace tic  a c id -c a rb o n  t e t r a 
ch lo ride  m ix tu res , th e  use of tw o  d iffe ren t m ic ro p h y sica l m odels could n o t 
be avo ided . F ro m  th e  p o in t of v iew  of d ie lec tric  b e h a v io u r, m onom eric a n d  
d im eric  acetic  acid  m olecules are  m odelled  b y  p o in t-d ip o les  lo ca ted  inside an  
ellipso idal cav ity . I n  th e  ca lcu la tio n  of m acroscop ic  th e rm o d y n a m ic  p ro p e r
tie s , because of th e  d ifficu lties en co u n te red  in  th e  d e te rm in a tio n  of th e  coo r
d in a tio n  nu m b er, we h a d  to  d isreg a rd  t h a t  m o n o m eric  an d  dim eric ace tic  
ac id  m olecules h a v e  ellipsoidal shapes an d  to  co n sid e r th e  liqu id  m ix tu re  
as a phase w ith  a q u asi-c ry sta llin e  s tru c tu re  com posed  o f spherica l m olecules.

The co n d ition  o f  in te rc h a n g e ab ility  d esc rib ed  in  P a r . a)  is fulfilled fo r 
spherica l m olecules i f  th e  ra tio  of m o lecu la r v o lu m es is 1 an d  2, i.e. if  th e  ra tio  
o f  m olecular d iam ete rs  is betw een  1 an d  1.26. F ro m  th e  p ressu re  dependence 
o f  th e  re lax a tio n  freq u en cy  of u ltra so n ic  a b so rp tio n  Litovitz an d  Carnevale 
[4] h av e  deduced  t h a t  th e  m olar vo lum e o f d im eric  ace tic  acid  is tw ice as 
g rea t as th a t  o f th e  m onom eric  species. T he ab o v e  a ssu m p tio n , i.e. th a t  m o n o 
m eric and  dim eric ace tic  acid m olecules w hich in  fa c t h a v e  ellipsoidal shap es 
are tre a te d  as spheres, to g e th e r w ith  th e  find ings o f  Litovitz an d  Carnevale 
in d ica te  th a t  th e  co n d itio n  of in te rc h a n g e a b ility  is fu lfilled  fo r th e  ace tic  
acid—carbon  te tra c h lo r id e  m odel m ix tu re  used  b y  th e  p re se n t a u th o r. As w ill 
be show n la te r, th e  vo lum e of th e  carb o n  te tra c h lo r id e  m olecule is b e tw een  
th e  vo lum es of m onom eric  an d  d im eric  acetic  ac id . I t  is n ecessary  to  n o te  th a t  
b y  m olecu lar vo lum e a n d  m olecular d im ensions, we m ean  th e  space or “ c a v ity ”  
a n d  its  dim ensions av a ilab le , for a m olecule w ith in  th e  q u asi-c ry sta llin e  liq u id .

In  T able I I I  we lis t th e  co o rd in a tio n  n u m b e r  a n d  th e  th ird  pow er o f 
m olecu lar rad ii (r) (w hich for spherica l m olecules, can  be  ca lcu la ted  d irec tly  
from  th e  m olecular vo lum e [2]) fo r th e  la ttic e  ty p e s  com m on in  th e  l i te ra tu re . 
In  th is  T able, v is th e  m olecular vo lu m e an d  N ^  is th e  A vogadro  num ber.

The com parison  o f E q . (1) a n d  T ab le  I I I  show s th a t  th e  in te rch an g e  
energies are th e  sam e in  sim ple cub ic  an d  face -cen te red  cubic la ttices . T h u s 
no  decision on th e  b as is  of in te rch an g e  energies can  be  a rr iv e d  a t  in  th e  q u es
tio n  o f th e  la ttic e  ty p e  a t tr ib u te d  to  acetic  ac id —carb o n  te tra c h lo rid e  m ix-
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Table III

Type of lattice z r3

Simple cubic 6
8 N a  V

Body-centered cubic 8 зУ з
32 N a  1

Face-centered cubic 12 Ï 2
8 N a

tu r e s .  H ow ever, a com parison  o f m o lecu la r dim ensions ca lcu la ted  fro m  T ab le  
I I I ,  w ith  tho se  d e te rm in ed  b y  d iffra c tio n  in  solid acetic  acid  affo rds a possi
b i l i ty  to  fin d  th e  r ig h t ty p e  o f la tt ic e .

A ccord ing  to  T ab le  I I I ,  th e  c a lc u la tio n  of average  m o lecu la r ra d ii re 
q u ire s  th e  know ledge of th e  re sp e c tiv e  m olecu lar vo lum es. T h e  m o lecu la r 
w e ig h t o f  carbon  te tra c h lo r id e  is 153.84, its  d en sity  is 1.5940 g • c m -3  a t  
20°C , th u s  its m olecu lar v o lu m e , Vb =  96.487 cm 3 m ole- 1 .

M onom eric an d  d im eric  ace tic  ac ids fo rm  a non -ideal m ix tu re  w ith  each 
o th e r ;  th is  is ev id en t from  th e  d ipo le -d ipo le  c h a rac te r  o f in te ra c tio n s  to  be 
v e r if ie d  la te r  num erica lly  b y  th e  in te rc h a n g e  energy  v a lu es . T h ere fo re , th e  
m o la r  v o lu m e  of acetic  acid  as a m ix tu re  (vac) w ill be rep re sen ted  in  th e  follow 
in g  fo rm

V a c  =  X1V1 +  X 2V 2  +  ßv1X1X2 (2)

p ro p o r tio n a lity  fac to r  ß w ill be re g a rd e d , in  a f irs t a p p ro x im a tio n  as in d e
p e n d e n t on th e  te m p e ra tu re . A ccep tin g  t h a t  th e  m olar vo lum e o f th e  d im er is 
tw ic e  t h a t  o f th e  m o n o m er [4], i.e.

v 2 =  2v1 (3)
E q . (2) can  be w ritte n  as

Vac  =  (« 1  +  2 X j ) tq  - f  ßv1X1X2 (4 )

T h e  m o la r  volum e o f m onom eric  a n d  d im eric  acetic  acids w ill be d e te rm in e d  
fro m  th e  te m p e ra tu re  d ep en d en ce  o f th e  m o lar vo lum e o f ace tic  ac id . T h e re 
fo re  E q . (4) is w ritte n  fo r tw o  d iffe re n t te m p e ra tu re s  T 1 a n d  T 2. A fte r  eli
m in a tio n  o f ß , one o b ta in s

VgcT \  —  v n \  0*1 ~f~ 2*2)7-1 _  VgcTz  ~~ v l T t  ( Ж1 +  2 * 2) г 2 ^

^ i r i  ( * 1 * 2 ) 7 4  V 2 t 2 ( * 1  X 2 ) t 2

A cco rd in g  to  defin ition , th e  m o la r v o lu m e  o f acetic  acid  is

M

Qnc

(6 )
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w h ere  M  is th e  av e ra g e  m olecu lar w eigh t

M  =  60.1 Xy -f- 102.2 x 2 (7)

a n d  Qac is th e  d e n s ity  o f  acetic  ac id . T h e  te m p e ra tu re  dependence o f  th e  co m 
p o sitio n  is exp ressed  b y  th e  fo llow ing eq u a tio n s

К  =  (8)
*i

*1 +  *2 =  1 (9)

d i n  К  ^  A h r ,10

d T  R T 2

In  E q . (10), Ahr is th e  e n th a lp y  o f d im eriza tio n . F o r  th e  e n th a lp y  o f h y d ro g en  
b o n d  fo rm atio n  v a lu e s  from  2 to  9 (kcal p e r m ole h y d ro g e n  bond) a re  g iven 
in  th e  lite ra tu re  [5]. T h e  values d e te rm in ed  d ep en d  on th e  ex p e rim en ta l co n 
d itio n s  (vapour p h a se , liq u id  p h ase , so lv en t e tc .) . F o r  p u re  carboxy lic  acids 
in  th e  liqu id  p h ase  th e  b es t va lues a re  o b ta in e d  from  u ltra so n ic  a b so rp tio n  
d a ta  [5, 6, 7]. T h ere fo re , fo r pu re  liq u id  ace tic  ac id  th e  v alue  o f  — 6200 cal 
p e r  2 m oles of h y d ro g e n  bo n d  is u sed  as d e te rm in e d  b y  F r e e d m a n  from  u l t r a 
sonic abso rp tio n  [8]. W h en  th e  co m position  is k n o w n , th e  average  m o lecu la r 
w e ig h t M  as a fu n c tio n  o f te m p e ra tu re  is also a v a ila b le  th e  d e n s ity  o f ace tic  
ac id  b e ing  easily  m easu red . The m o la r  vo lum e o f m onom eric  acetic  acid  c h a n 
ges w ith  te m p e ra tu re  accord ing  to  th e  e q u a tio n

v iTt — v iTi (1 +  a A T )  (11)

w here  a is th e  co effic ien t o f cubical th e rm a l e x p an sio n . F ro m  E qs (5) an d  (11)

v acT\ ~~ ^ lT i  (* 1  4~  2 * 2) r i  v a c T i  —  v iT \  [ 1  4~ Á ( ?  2 —  T t ) ] ( x t  -f- 2 * 2) 7г ^ 2 ^

»lTi (*1* 2)74 [1 +  d (T 2 -  T x)] (xx +  2x2)r ,

In  E q . (12), th e  m ole frac tio n s an d  th e  m o lar v o lu m e  o f ace tic  acid a re  know n  
as a fu n c tio n  o f te m p e ra tu re , th u s  o n ly  u n k n o w n s a re  th e  m olar vo lum e v iT 
o f a ce tic  acid a t  te m p e ra tu re  T v  a n d  th e  coeffic ien t o f cubical th e rm a l e x 
p an sio n  a of m onom eric  acetic  acid . T h e  la t te r  m a y  b e  reg a rd ed  as te m p e ra tu re  
in d ep en d en t w ith in  a n a rro w  ran g e  o f  a b o u t 30°C. W ith  th is  a ssu m p tio n  E q . 
(12) is w ritten  for a n o th e r  p a ir  o f te m p e ra tu re s  T x a n d  T 3 an d , in  th is  m an n er, 
a can  be  e lim in a ted  so th a t  a d ire c t w ay  is o p en ed  fo r th e  d e te rm in a tio n  o f  
th e  m o la r volum e o f  m onom eric a c e tic  acid a t  te m p e ra tu re  T v  T he  req u ired  
d a ta  fo r th is a re  l is te d  in  Table IV .
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Table IV

T! =  2 93 .2 ° K T 2 =  3 0 8 .2 °K T 3 =  3 2 3 .2 °K

*1 0.115 0.146 0.181

X2 0.885 0.854 0.819

Qac 1.0493 g  • cm -3 1.0326 g ■ cm -3 1.0165 g • cm -3

vac 108.8 cm 3 • m ole-1 107.7 cm 3 • m ole-1 107.4 cm 3 • m o le -1

F ro m  d ensity  v a lu es  a n d  m o la r vo lum es in  th e  ta b le , th e  ro le  o f  sh ifts 
in  th e  a ssoc ia tion  e q u ilib riu m  is con sp icu o u sly  ev id en t. A g re a te r  m ole vo l
u m e  w o u ld  be ex p ec ted  in  case o f low er d ensities a t  h ig h e r te m p e ra tu re s . 
H o w e v e r , th e  opposite  is o b se rv ed  due  to  th e  sh if t o f th e  a sso c ia tio n  eq u i
l ib r iu m , i.e. due to  th e  ch an g e  o f th e  av erag e  m olecu lar w e igh t.

T h e  m olar vo lum es c a lc u la ted  fo r 293.2°K  on  th e  basis  o f T a b le  IV , are

iq =  58 +  1 cm 3 m o le -1 , v2 =  116 +  2 cm 3 m ole- 1 ,

ta k in g  in to  accoun t th e  u n c e r ta in tie s  a sso c ia ted  w ith  th e  d e te rm in a tio n  of 
m o le  frac tio n s .

A f f s p r u n g ,  F i n d e n e g g  a n d  K o h l e r  [ 7 ]  h av e  fo und , on th e  basis of 
m o d e l ca lcu la tio n s, t h a t  a t  20°C th e  m o la r vo lum e o f acetic  acid  as a m ix tu re  
is th e  re s u lt  of a c o n tra c tio n  b y  a b o u t 3 p e r  cen t. Owing to  th e  u n c e r ta in ty  
in v o lv e d  in  th e  d e te rm in a tio n  of m ole frac tio n s , th e  p re sen t m e th o d  is no t 
s u ita b le  fo r th e  d e te rm in a tio n  of th e  m a g n itu d e  o f th is  c o n tra c tio n , o n ly  a 
q u a l i ta t iv e  d em o n stra tio n  o f its  occu rrence  b e ing  possible. A cco rd in g  to  our 
c a lc u la tio n s , th e  m o lar v o lu m e  of ace tic  ac id  as a m ix tu re  a t  20°C is o b ta in ed  
as a  r e s u l t  o f a c o n tra c tio n  o f  2 +  1 cm 3. F o r  th e  ca lcu la tio n  o f c o n tra c tio n  
w e a c c e p te d  th e  re su lts  of L i t o v i t z  a n d  C a r n e v a l e  [4] w ho s ta te  t h a t ,  from  
a v o lu m e tr ic  p o in t o f v iew , a sso c ia tio n  is a n  id ea l process, i.e. i t  is n o t  accom 
p a n ie d  e ith e r  b y  c o n tra c tio n  o r b y  d ila ta tio n . In  th is  case, c o n tra c tio n  is due 
o n ly  to  in te rac tio n s  b e tw een  m olecules. I f  th e  above s ta te m e n t t h a t  v 2 is equal 
to  2tq is t ru e  only w ith in  c e r ta in  lim its  o f e rro r, th e n  th e  c a lc u la ted  c o n tra c 
t io n  re p re se n ts  th e  to ta l  v o lu m e  change due  to  associa tion  processes a n d  in te r- 
m o le c u la r  in te rac tio n s . U n fo r tu n a te ly , o u r m e th o d  of s tu d y  does n o t allow 
th e  s e p a ra tio n  of th e se  tw o  k in d s  o f vo lu m e change. H ow ever, th e  fa c t th a t  
m o n o m e ric  and  d im eric  ace tic  acids fo rm  a m ix tu re  w ith  a n e g a tiv e  d e v ia tio n , 
as sh o w n  num erica lly  b y  in te rc h a n g e  energ ies discussed in  P a r t  I I ,  ind ica tes 
th a t ,  ow ing  to  in te rm o lecu la r in te ra c tio n s , c o n tra c tio n  shou ld  occu r. Q u a lita 
tiv e ly , th is  co n trac tio n  is co n firm ed  in  th e  p re se n t ca lcu la tions, th u s  th e  u t i 
l iz a tio n  o f  th e  co rre la tion  2iq =  v 2 as a f ir s t  a p p ro x im a tio n  seem s to  be  ju s t i 
fied .
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J o n e s  an d  T e m p l e t o n  [9] h a v e  show n b y  X -ra y  d iffrac tio n  th a t  the  
d im ensions of th e  e le m e n ta ry  cell o f c ry s ta llin e  ace tic  ac id  co n sis tin g  o f 4 
m onom ers are 1Л =  13.32 +  0.02 А , / 2 =  4 .08 +  0.01 Â, Z3 =  5.77 +  0.01 Â. 
As d educed  from  th ese  d a ta , th e  vo lum e av a ilab le  fo r  one m onom eric  m ole
cule is a b o u t 77 À 3, an d  th e  th i r d  pow er o f th e  rad iu s  o f th e  m olecule  consid
e red  to  be  sph erica l, rj =  18.3 Â . A ccord ing ly , fo r v a rio u s  la tt ic e  ty p e s  the  
th ird  pow ers o f  m o lecu lar ra d ii c a lcu la ted  from  th e  m o la r vo lu m e o f m ono
m eric acetic  ac id  are:

r'i =  12.1 A  fo r a sim ple cubic la ttic e , 
г I =  15.7 A fo r a b  o d y -cen te red  cubic la ttic e , 
r'i =  17.1 A fo r a face-cen te red  cubic la ttic e .

T hese show  th a t  m odelling  th e  ace tic  acid  a t  20°C as a face -cen te red  cubic 
la ttic e  gives th e  b e s t a p p ro x im a tio n . In  th e  p re se n t s tu d y , th is  la tt ic e  ty p e  
is u sed  fo r m odelling  liqu id  m ix tu re s  o f ace tic  a c id -c a rb o n  te tra c h lo r id e  a t 
20°C. T h is is b a sed  on th e  a ssu m p tio n  th a t  if  th e  co n d itio n s o f in te rch an g e- 
a b ility  are  fu lfilled  fo r th e  co m p o n en ts  o f th e  re a l m ix tu re  th e n  th e  qu asi-c ry s
ta llin e  s tru c tu re  o f acetic  acid  sh o u ld  n o t be a lte re d  b y  th e  a d m ix tu re  of ca r
b o n  te tra c h lo rid e .

F ro m  kn o w n  m olar v o lu m es, th e  av e rag e  m o lecu la r ra d ii fo r a face- 
cen te red  cubic la ttic e  are:

r t =  2.58 ±  0.02 A; r 2 =  3.15 ±  0.02 A; r3 =  3.05 ±  0.02 A.

In  th e  ca lcu la tio n  o f in te ra c tio n  energies b e tw een  n o n -id en tica l pairs 
o f  m olecules, m ean  m olecu lar ra d ii h av e  been  used . T h e  resu lts  a re

r12 =  -Г1 +  r°- =  2.91 ±  0.02 A

r n =  f l  +  Гз =  2.81 ±  0.02 A
2

r =  ..Г.?_± _гз . =  3.15 ^  0.02 A
23 2

T h e  above rad ii, an d  th e  co o rd in a tio n  n u m b e r  z — 12, co rrespond ing  
to  th e  face-cen te red  cubic la tt ic e , w ill be  u sed  in  P a r t  I I  fo r th e  ca lcu la tio n  
o f th e  e n th a lp y  o f m ixing.
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Symbols

A  =  monomeric acetic  acid  
A 2 =  dimeric acetic acid  
В  =  carbon tetrachloride
a  =  coefficient o f cubical therm al expansion o f m onom eric acetic  acid 
Ahr =  enthalpy o f  the associa tion  reaction
К  =  chemical equilibrium  con stan t of the association  reaction expressed w ith  m ole 

fractions
M  =  molecular w eight 
M  — average m olecular w eigh t 
N A  =  Avogadro num ber  
R  =  gas constant 
r =  molecular radius
и =  average m olecular in teraction  energy 
v  =  molar volum e  
a =  coordination num ber  
w  =  interchange energy  
X  =  mole fraction  
a  =  average polarizability  
ß  =  constant
/г =  perm anent dipole m om en t
Q =  density
l „ l 2, l 3 =  distances
T l , T„, T 3 =  absolute tem peratures

Subscripts

1 =  monomeric acetic acid  in  the real m ixture
2 =  dimeric acetic acid in  the real m ixture
3 =  carbon tetrachloride in  th e  real m ixture  
ac  =  acetic acid in the real m ixture
В  =  carbon tetrachloride in th e  nom inal m ixture  
i, j  =  com ponents in  general
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ENTHALPY OF MIXING FOR 
ACETIC ACID-CARBON TETRACHLORIDE, II

J .  L is z i
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Regarding the n om inally  binary m ixture acetic acid-carbon tetrachloride as a 
ternary m ixture of the ty p e  A — A 2— B,  the average interaction energies betw een the  
true com ponents and the interchange energies have been determ ined. T he com ponents 
o f  the ternary system  A — A 2— R, i . e. m onom eric acetic acid, dim eric acetic  acid, and 
carbon tetrachloride are regarded as the true com ponents. In the calcu lations it  has 
been taken into account th a t the enthalpy o f m ixing is due to both  the sh ift o f the asso
ciation  equilibrium and th e  interaction  energies betw een the m olecules. A ccordingly, 
the follow ing processes h ave been considered:

1. separation o f m onom eric from  dim eric acetic acid,
2. dissociation o f  dim eric acetic acid present in an am ount corresponding to 

the association constant K °  (expressed in m ole fractions) referred to pure acetic  acid,
3. formation o f dim eric acetic acid in an am ount corresponding to  the associa

tion  constant К  (expressed in  m ole fractions) referred to the prevailing conditions,
4. m ixing of m onom eric acetic acid, dim eric acetic acid and carbon tetrachloride.
In  order to check th e  calculations, the enthalpy of isotherm al m ix in g  o f acetic

acid w ith  carbon tetrachloride have been experim entally  determ ined a t 20°C.

I n  P a r t  I ,  th e  v o lu m e tr ic  ch a ra c te ris tic s  of ace tic  ac id—c a rb o n  t e t r a 
ch lo ride  m ix tu re s  have  b een  described . F ro m  th e  te m p e ra tu re  d ep en d en ce  of 
th e  m o la r vo lum e of ace tic  ac id , th e  m o la r vo lum es of m onom eric  a n d  d im eric  
ace tic  ac id  h a v e  been d e te rm in e d . F ro m  th e  kn o w n  m olar v o lu m es, th e  m olec
u la r  vo lum es h av e  been  c a lc u la ted  fo r v a rio u s la ttic e  ty p e s  a t t r ib u t in g  a 
q u as i-c ry s ta llin e  s tru c tu re  to  th e  liqu id . T h e  com parison  o f  th e  m o lecu la r 
vo lum es w ith  X -ra y  d iffrac tio n  d a ta  fo r so lid  ace tic  acid  in d ica tes  t h a t  a face- 
ce n te re d  cub ic  la ttice  is th e  m odel t h a t  fu rn ish es  th e  b e s t a p p ro x im a tio n  for 
th e  liq u id  p h ase  a t  20°C. A  s im p lify ing  assu m p tio n  w as t h a t  w e co nsidered  
th e  ellipso idal m olecules o f  m onom eric  a n d  d im eric  acetic  acid  to  b e  sp h e ri
cal, an d  supposed  th a t  in th e  m ix tu re  th e  d is tr ib u tio n  o f m olecules is ra n d o m . 
F ro m  m o la r volum es o f m o n o m eric  an d  d im eric  acetic  acid  a n d  c a rb o n  t e t r a 
ch lo ride , th e  m olecular ra d ii co rresp o n d in g  to  th e  face-cen te red  cu b ic  la ttic e  
h av e  b een  de te rm ined . U sing  th e  re su lts  re p o rte d  in  th e  fo rm er P a r t  I ,  in  th is  
p a p e r we describe th e  c a lc u la tio n  of th e  e n th a lp y  of iso th e rm a l m ix in g  of 
ace tic  ac id  w ith  carbon  te tra c h lo r id e . T he ca lcu la ted  resu lts  a re  th e n  co m p ared  
w ith  th e  exp erim en ta l d a ta .

2* A d a  Chim* Acad. Sei. H ung. 6$, Í9 Í0
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1. Average interaction and interchange energies

B efore describ ing  th e  ca lcu la tion  of av e rag e  in te ra c tio n  energies i t  is 
n e c e ssa ry  to  re tu rn  to  th e  d ielec tric  m odel o f  S c h ö l t e  [1]. T his m odel h a d  
b e e n  u sed  as th e  basis  fo r  th e  ca lcu lation  o f  th e  co m position  o f A —A 2— В  
t e r n a r y  m ix tu res. A cco rd in g  to  th is  m odel, th e  p o in t d ipole is lo ca ted  in  th e  
c e n tre  o f a sphere o f ra d iu s  r . W ith in  th e  m o lecu le , th e  d ipole is su rro u n d ed  
b y  v a c u u m , th u s r is th e  d is ta n c e  betw een  th e  d ipo le  an d  th e  n ea re s t p o la riz 
a b le  en v iro n m en t a n d  2 r is th e  d istance from  th e  n e a re s t  ne ighb o u rin g  d ipole. 
A cco rd in g ly , th e  av e rag e  m o lecu la r in te ra c tio n  energ ies (и ) a re  g iven [2] b y  
th e  follow ing eq u a tio n s

»11 =  -
2at fxf

r 6Г11
(1)

»22 =  —
2a2 |W*)

r 6r 22
(2)

»зз =  0 (3)

»12 —
*1 l»i ~Ь *2 Ml

r 6Г12
(4)

»13 =  ~
*3Ml

r 6r l3
(5)

»23 =  “
«3 Ml

r 6r 23
(6)

T h e  d a ta  used in th e  c a lc u la tio n s  are listed  in  T ab les  I  a n d  I I .  T ab le  I  co n ta in s  
d a ta  w hich v a ry  w ith  th e  com position , as a fu n c tio n  o f  th e  no m in a l mole 
f r a c t io n  xB of ca rb o n  te tra c h lo r id e . T ab le  I I  c o n ta in s  d a ta  w hich do n o t 
c h a n g e  w ith  c o n cen tra tio n .

Table I

*B * 2 * 3 М » )

0.0 0 .1 1 5 ^ 0 .0 0 3 0 .885± 0 .003 0.000 0.92

0 . 2 0 .0 5 5 ± 0 .0 0 3 0 .621± 0 .003 0 .3 2 4 ± 0 .0 0 3 0.62

0.4 0 .0 2 7 ± 0 .0 0 3 0 .409±0 .003 0 .5 6 4 ± 0 .0 0 3 0.40

0 . 6 0 .0 1 2 ± 0 .0 0 3 0 .242± 0 .003 0 .7 4 6 ± 0 .0 0 3 0.23

0 . 8 0 .0 0 4 ± 0 .0 0 3 0 .109± 0 .003 0 .8 8 7 ± 0 .0 0 3 0 . 1 0

1.0 0.000 0.000 1.000 0 . 0 0

A cta  Chim. Acad. Set. H ung. 63, 1970
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T he av e rag e  in te ra c tio n  energies c a lc u la ted  from  th e  d a ta  o f  T ab le s  I 
a n d  I I  acco rd in g  to  E q s  (1) to  (6) are  show n in  T ab le  I I I  an d  F ig . 1. The 
av e rag e  in te ra c tio n  energies re fer to  one m ole o f  an  iso lated  p a ir  o f  m olecules 

ca l I

2 m oles

xs
Q2 0.4 8 0.6 0 8

Fig. 1. A verage m olecular interaction energies as a function of nominal com position

Table II

r „  =  2.58 ±  0.02 A r2,  =  3.49 ±  0.02 À r33 =  3.05 ±  0.02 A

rI2 =  2.91 ±  0.02 A r13 =  2.81 ±  0.02 A r23 =  3.15 ±  0.02 A

oCj =  4.85 X 10-24cm 3 <x., =  15.65 X 10~24cm 3 a 3 =  10.5 X 10“24 cm 3

=  1.68 D variable /г3 =  0.0 I)

Table III

* B «и U „ “ 12 « 1 3 « 2 3

0.0 —  1342 —  325 —  1138 —  862 —  132

0.2 — 1342 —  148 1085 -862 —  60

0.4 —  1342 - 6 2 —  1060 862 - 2 5
0.6 —  1342 —  21 —  1048 —  862 - 9
0.8 - 1 3 4 2 —  4 —  1042 —  862 - 2

1.0 —  1342 0 —  1041 —  862 0

Acta Ckim. Acad. Sei. H ung. 63, 1970
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F o r  th e  ca lcu la tio n  o f th e  in te rch an g e  energ ies th e  following e q u a tio n  
lias b e e n  used

w <.j =  w j i  =  2 | M<7 -  Y  u j j ------- \  “ « j ( 7 )

Fig. 2. Interchange energies as a function  o f  nom inal com position

Table IV

XR - b ä r ) 4 - = r )
0.0 — 3655 — 2291 + 3 6 9

0.2 -4082 — 2291 +  168

0.4 — 4292 — 2291 +  70

0.6 -4 3 9 1 — 2291 +  24

0.8 4432 — 2291 +  5

1.0 — 4458 — 2291 0

A  cla Chim. Acad. Sei. Hung. 63, 1970
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to g e th e r  w ith  th e  d a ta  in  T ab le  I I I .  z =  12 w as ta k e n  as th e  co o rd in a tio n  
n u m b e r  in  acco rd an ce  w ith  th e  face -cen te red  cubic la ttic e  s t ru c tu re .  The 
re su lts  are  show n  in  T ab le  IV  a n d  F ig . 2. T he in te rch an g e  energ ies in d ica te  
t h a t  th e  m ix tu re s  m onom eric—dim eric  ace tic  acid , m onom eric  a c e tic  a c id -  
c a rb o n  te tra c h lo r id e , an d  d im eric  ace tic  a c id -c a rb o n  te tra c h lo r id e  a re  c h a ra c 
te riz e d  b y  e x tre m e ly  s tro n g  an d  s tro n g  n eg a tiv e , and  a s lig h t p o s itiv e  d ev ia 
tio n , re sp ec tiv e ly .

T he e rro r d u e  to  th e  u n c e rta in tie s  in  th e  d e te rm in a tio n  o f th e  m ole fra c 
tio n s  is n o t m ore  th a n  4 %  o f th e  in te rc h a n g e  energy  values.

2. Calculation of the enthalpy of mixing

F o r th e  c a lcu la tio n  o f th e  h e a t  o f m ix ing  of o rd in a ry  (n o n -reac tiv e) 
m ix tu re s , th e  know ledge of th e  co m p o sitio n  a n d  in te rch an g e  en erg y  is su ffic ien t. 
I n  th e  case o f ace tic  acid—carb o n  te tra c h lo r id e  m ix tu res  th e  s i tu a tio n  is m ore 
co m p lex  because  i t  is a re ac tiv e  m ix tu re . T h is is due to  th e  fac ts  t h a t :

a )  no p u re  co m p o n en ts  a re  a v a ila b le ; in  fac t, w hen p re p a rin g  a m ix tu re , 
m onom eric  a n d  d im eric  ace tic  ac ids a re  d ilu ted  w ith  ca rb o n  te tra c h lo r id e ,

b)  th e  a sso c ia tio n  eq u ilib riu m  is d is tu rb e d  b y  d ilu tio n  a n d  th e  h e a t  of 
a sso c ia tio n  is m easu red  to g e th e r  w ith  th e  h e a t of m ixing.

A ccord ing ly , in  th e  c a lcu la tio n  o f th e  tru e  (to ta l) h e a t  o f m ix in g  th e  
fo llow ing processes m u st be ta k e n  in to  acco u n t:

1. se p a ra tio n  o f th e  m onom eric  ac id  from  th e  dim eric one;
2. d issocia tion  of d im eric ace tic  ac id  p re sen t in  an  a m o u n t co rre sp o n d 

ing  to  eq u ilib riu m  c o n s ta n t K °  (exp ressed  in m ole frac tions) fo r p u re  acetic  
ac id ;

3. fo rm a tio n  o f d im eric  ace tic  ac id  in  an  a m o u n t co rresp o n d in g  to  eq u i
lib riu m  c o n s ta n t К  (expressed  in  a lw ays a c tu a l mole frac tio n s);

4 . m ix ing  o f  m onom eric ace tic  ac id , d im eric  acetic  ac id  a n d  carb o n  
te tra c h lo rid e .

F u rth e rm o re , th e  fa c t th a t  th e  ex p e rim e n ta lly  m easured  h e a t  o f  m ix ing  
re fers to  one m ole o f  th e  nom ina l m ix tu re  req u ires  th a t  th e  ca lcu la tio n s  shou ld  
also  y ie ld  th e  h e a t  o f m ix ing  fo r one o f th e  no m in a l m ix tu re .

F o r processes 2 an d  3, th e  eq u ilib riu m  c o n s ta n t o f a sso c ia tio n

К  =  - ÿ -  (8)

(exp ressed  in m ole frac tions) is used . W e h av e  found  th a t  K ,  as d e fin ed  b y  
E q . (8), increases s tro n g ly  w ith  d ilu tio n  [3], w hich shows th a t  w ith  in c reasin g  
c o n c e n tra tio n  o f ca rb o n  te tra c h lo r id e  th e  association  e q u ilib riu m  is sh ifted  
to w a rd  d im eriza tio n . H ow ever, we m u s t p o in t o u t th a t  in  n o n -id ea l m ix tu re s

Acta Chim. Acad. Sei. H ung. 63, 1970
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th e  v a lu e  o f th e  eq u ilib r iu m  c o n s ta n t is a ffe c ted  also  b y  th e  a c tiv ity  coeffi
c ien ts . T herefo re , in  a  su b se q u e n t s tu d y , we sh a ll r e tu rn  to  th e  prob lem  o f th e  
c o n c e n tra tio n  d ep en d en ce  o f  th e  equ ilib rium  c o n s ta n t  w hen  th e  a c tiv ity  coeffi
c ien ts  o f  th e  co m p o n en ts  w ill be availab le .

L e t us exam ine f i r s t  th e  enthalpy change fo r  the association step. T he  ca l
cu la tio n s  re fer to  one m ole o f  th e  no m in a l m ix tu re :

N ac +  N B =  1 (9)

w here  N ac an d  N B a re  th e  n u m b er of m oles o f  ace tic  acid  N B and  ca rb o n  
te tra c h lo r id e , re sp e c tiv e ly , in  th e  nom ina l m ix tu re . Since tw o m onom eric  
m olecules form  one d im eric  acetic  acid m olecu le

N ,  +  2 IV2 +  IV3 =  1 (10)

A t th e  sam e tim e , th e  a c tu a l to ta l  n u m b e r  o f m oles N T is less th a n  u n ity ,
i.e.

N T =  N ,  +  N 2 +  N 3 =  1 —  IV2 (11

T h e  n u m b e r  of m oles o f  c a rb o n  te trach lo rid e  is e q u a l to  its  mole frac tio n  r e 
fe rre d  to  th e  n o m in a l m ix tu re

N 3 = N B —  x B (12)

and

1 XB — -  Xqc (1*1

T he n u m b e r  of m oles o f  m onom eric  acetic  ac id  in  one m ole of the  b in a ry  m ix 
tu r e  is

N y =  1 —  2IV 2 — x B — x ac —  2 IV 2 (14)

T he t ru e  mole fra c tio n s  are

i  =  -  JVl (15)
1VT 1 — JV2

/V /V
x . , = ^ - =  iV2 ■ ■ (16)

IVr  1 -  TV,

S u b s titu tio n  of th e se  expressions in to  E q . (8) gives

w . q -  Щ
TV?

Acta Chim . Acad, Sei. H ung. 63, 1970
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U sing  E q . (14) one o b ta in s

K  =  j v 1 ( i - j > y  
( x „  -  2N ,y -

from  w hich th e  n u m b e r  o f  m oles of d im eric  ace tic  acid in one m ole o f  th e  
no m in a l m ix tu res  is

лт 4 ,K xac+ l  — \8  К  xac-\-1 —4 К  x%c 
l 2 ~  2(4K+1)

T h e positive  sign o f  th e  sq u are  ro o t is le f t o u t o f  co n sid e ra tio n  s ince  th e  cri
te r io n  th a t  if  x ac — 0 th e n  iV2 =  0, is n o t fu lfilled  w hen  th e  sig n  is positive . 
F ro m  E q . (19) th e  e n th a lp y  o f th e  asso c ia tio n  process can  b e  d e te rm in e d :

N 2aAhr =  A hra (20)

T h e e n th a lp y  change co rresp o n d in g  to  th e  p rocess of d issocia tion  is g iven  b y  
th e  eq u a tio n

A h rd=  - № d x acA h r (21)

w here  Л/f is th e  n u m b e r o f  m oles o f d im eric  ace tic  acid in  case w h e n  x ac — 1. 
T h e  v a lid ity  of E q . (21) is ev id en t since th e  s ta r t in g  su b stan ce  is a lw ay s  pu re  
ace tic  ac id  of th e  a m o u n t o f  xac (referred  to  m onom eric  acetic  ac id ) w ith  eq u i
lib riu m  c o n s tan t K ° .

F ro m  E qs (20) a n d  (21) th e  e n th a lp y  change due  to  chem ica l reac tio n s 
d u rin g  m ix ing  is

A H r =  (TV2a —  N 2d) A h r (22)

T he resu lts  of ca lcu la tio n s  are  collected in  T ab le  V.

Table V

*21 ^  IS N,i « Ы - )
0.0 0.4695 0.4695 0.0

0.2 0.3831 0.3756 46.5

0.4 0.2903 0.2817 - 5 3 .3

0.6 0.1952 0.1878 45.9

0.8 0.0974 0.0939 — 21.7

1.0 0.0000 0.0000 0.0

A d a  Chim. Acad. Sei. H ung. 63, 1970
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O n  th e  basis of c o n s id e ra tio n s  applied  in  th e  case o f d issocia tion , th e  
e n th a lp y  change of th e  s e p a ra t io n  process is

A h sep =  —x[xl w^Xac (23)

T h e  e n th a lp y  of fo rm a tio n  o f  one mole of th e  te r n a r y  m ix tu re  is

Ahj =  x px 2w 12 +  x ix 3w i3 +  X 2X3W23 (24)

W i th  reference  to  E q . (11), t h e  to ta l  en th a lp y  ch an g e  assoc ia ted  w ith  processe 
o f  m ix in g  and se p a ra tio n  is

A H e =  (Ahj +  Ahsep) (1 —  N 2) (25)

T h e  re su lts  of th e  c a lc u la tio n s  are  sum m arized  in  T a b le  V I. A H e is exp ressed  
( cal 1

in  ------------------;--------- ;---------  u n its ;  th e  e n th a lp ie s  o f  m ix ing  an d  se p a ra tio n
\ m o le  nom inal m ix tu re  J

re fe r  t o  one mole of th e  a c tu a l  m ix tu re .

Table VI

XB á H > m ole 4  'm o le

0.0 -  3 7 2 . 0 + 3 7 2 . 0 0.0
0 .2 —  1 4 4 . 7 + 2 9 7 . 6 + 9 4 . 3

0 .4 —  6 7 . 2 + 2 2 3 . 2 +  1 1 0 .5

0 .6 2 8 . 8 +  1 4 8 . 8 + 9 6 . 5

0 .8 —  9 .0 +  7 4 . 4 +  5 9 .0

1.0 0.0 0.0 0.0

T h e  h e a t of m ix in g  a c tu a l ly  m easured is th e  su m  o f va lues in  th e  la s t 
c o lu m n s  of Tables Y  a n d  V I ,  i.e.

H E =  A H r +  A H e (26)

B e fo re  describing th e  e x p e r im e n ta l  d e te rm in a tio n  o f  th e  h e a t  o f m ix in g  we shall 
d isc u ss  b rie fly  th e  e ffec t o f  erro rs in th e  d e te rm in a tio n  o f com p o sitio n  on 
c a lc u la te d  en thalpies o f  m ix in g . T he ca lcu la tion  o f  e rro rs  has b een  ca rried  o u t 
fo r  th e  w hole in te rv a l o f  c o n c e n tra tio n s , b u t  o n ly  th o se  fo r tw o  g re a tly  d iffe r
e n t  com positions, viz. x B =  0.2 an d  xB =  0 .8 , w ill he  p re sen ted  he re . T he 
e r r o r  lim its  always re fe r  to  th e  w orst resu lt.

A d a  Chim. Acad. Sei. Hung. 63, 1970
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The u n c e r ta in ty  of in te rc h a n g e  energies h a s  b e e n  show n to  he + 4 % .  T h e  
u n certa in tie s  o f  th e  m ole frac tio n s  an d  in te rc h a n g e  energies lead  to  a n  e r ro r  
o f ab o u t + 6 %  in  th e  e n th a lp y  o f  m ix ing  c a lc u la te d  from  E q . (24) fo r  a  n o 
m inal com p o sitio n  Xb =  0.2, w h ereas  th e re  is an  e rro r  of ab o u t + 3 3 %  fo r 
th e  nom inal com position  x a =  0 .8 . In  th e  e n tire  ran g e  of c o n c e n tra tio n s , 
th e  erro r in  th e  e n th a lp y  of m ix in g  ca lcu la ted  a cco rd in g  to  E q . (23) is + 6 % .  
Since errors c o m m itte d  in  th e  d e te rm in a tio n  o f  m ole frac tio n s a p p e a r  w ith

Table VII

*B m o l e

0 .0 0 .0

0 .2 +  4 7 .8

0 .4 +  5 7 .2

0 .6 +  5 0 .6

0 .8 +  3 7 .3

1 .0 0 .0

th e  sam e sign b o th  in  th e  se p a ra tio n  a n d  m ix in g  processes, a t  nom inal c o m p o 
sition  Xß =  0.2 th e  errors due to  th e  tw o  processes a re  cancelled . A t n o m in a l

I ca lcom position  x B =  0.8 th e  e n th a lp y  change —)— 74.4 —-----  due to  th e  p ro cess
( m ole

cal 1
o f sep a ra tio n  is s ig n ifican tly  h ig h e r th a n  — 9.0 -------— assoc ia ted  w ith

m ole )
th e  process of m ix in g . T hus, th o u g h  an  e rro r o f + 3 3 %  is possible in th e  e n th a lp y  
o f m ixing, th e  com bined  e rro r o f  th e  tw o  processes is n o t m ore th a n  9 % . In  
th e  ca lcu la tio n  o f  en th a lp y  changes due  to  th e  sh if t o f th e  association  e q u ilib 
rium , th e  e rro rs  caused  b y  th e  in a ccu racy  o f co m p o sitio n  d a ta  h av e  th e  sam e  
sign, th u s  th e  e rro rs  due to  th e  tw o  processes p ra c tic a lly  cancel. T h e  e r ro r  in  
th e  te rm  (I  —  iV2) necessary  fo r  th e  ca lcu la tio n  o f th e  en th a lp y  o f  m ix in g  
for one of th e  n o m in a l m ix tu re  (cf. E q . (25), is + 1 %  if x B =  0-2, an d  + 0 .5 %  
if  Xß — 0.8. In  v iew  of th is , th e  e rro r  o f th e  m easu red  ( to ta l)  e n th a lp y  o f  m ix - 
ing  is + 1 %  a t  a nom inal co m p o sitio n  x B —  0.2 a n d  + 9 .5 %  a t  x B —  0 .8 . 
These are th e  w o rs t ex p ec ta tio n s  a n d  are  su rp ris in g ly  low consid erin g  th e  
ra th e r  crude  s im p lifica tions u sed  in  th e  c a lc u la tio n  o f th e  overall e n th a lp y  
o f m ixing. As seen , th is  is due to  th e  c o n v en ien t s tru c tu re  of th e  fo rm u las  u sed  
in  th e  ca lcu la tio n  o f th e  e n th a lp y  o f m ix ing , viz .  t h a t  th e  errors c a u se d  b y  
th e  u n c e r ta in ty  o f  com position  d a te  te n d  to  cance l. P e rh ap s  th is  is th e  re a so n  
fo r th e  usefu lness o f th e  q u as i-c ry s ta llin e  m odel o f liq u id  m ix tu res , th o u g h  
th e  ap p lica tio n  o f th is  m odel o ften  im plies gross sim plifications. O f co u rse , 
g rea t care m u s t b e  ta k e n  w h en ev er conclusions concern ing  th e  q u a s i-c ry s ta l
line s tru c tu re  o f liquid  m ix tu res  a re  d raw n  from  en th a lp ies  of m ixing.
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I n  o rd er to  p e rfo rm  a n  e x p e rim e n ta l check  on th e  va lu es  o b ta in e d  b y  
c a lc u la tio n , th e  e n th a lp y  o f  m ix ing  a ce tic  a c id  w ith  carbon  te tra c h lo r id e  was 
m e a su re d .

3. Determination of heats of mixing

T h e  a p p a ra tu s  u sed  fo r  th e  d e te rm in a tio n  o f h ea ts  o f  m ix in g  is show n 
s k e tc h ily  in  Fig. 3. O ne o f th e  liqu ids to  b e  m ixed  is p u t  in  a th e rm o s  b o ttle  
w h ile  th e  o th e r vessel is su rro u n d ed  w ith  a  ja c k e t  p e rm ittin g  to  a d ju s t  th e

Fig. 3. Schem atic  d raw in g  o f th e  a p p a ra tu s  u se d  fo r  m easuring  e n th a lp ie s  o f  m ix ing

te m p e ra tu re  as desired . T h e  la t te r  vessel h a s  a volum e scale w ith  0.1 ml d i
v is io n s  on  its  inner w all. T h e  therm o s b o t t le  (p laced  u n d er th e  o th e r) is p ro 
v id e d  w ith  va riab le  e lec tric  h ea tin g , a s t i r r e r  a B eckm ann  th e rm o m e te r , and 
a th e rm is to r  w hich is p a r t  o f a th e rm o m e te r  sy s te m  described below . T h e  m eas
u re m e n t  is perfo rm ed  a t  c o n s ta n t te m p e ra tu re .  An im p o r ta n t p a r t  o f th e  
a p p a r a tu s  is th e  th e rm o m e te r  system  c o n s is tin g  o f tw o th e rm is to rs , b y  w hich 
th e  te m p e ra tu re s  of th e  tw o  liqu ids to  be  m ix e d  can be a d ju s te d  to  th e  sam e 
v a lu e . T h e  tw o  th e rm is to rs  a re  linked  to  a W h e a ts to n e  b ridge , a g a lv an o m e te r
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se rv ing  as a zero in d ic a to r . T he liq u id  in  th e  th e rm o s  b o tt le  a t ta in s  a ce rta in  
te m p e ra tu re  close to  a m b ie n t (be tw een  19.5 an d  20.4°C). T h e  tw o  th e rm is to rs  
are  th e n  im m ersed  in  th is  liq u id  an d  th e  b rid g e  c u r re n t is a d ju s te d  to  zero. 
A fte r  th is , one of th e  th e rm is to rs  is p laced in to  th e  liq u id  in  th e  u p p e r  vessel 
an d , b y  m eans o f a th e rm o s ta t ,  th e  te m p e ra tu re  o f th e  u p p e r  liq u id  is v a ried  
u n til  th e  g a lv an o m ete r in d ic a te s  zero cu rren t aga in . In  th is  case th e  te m p e r
a tu re  o f th e  u p p e r  liq u id  is th e  sam e as th a t  o f th e  low er liqu id . T h en  u n d e r 
slow s tirrin g , th e  h e a tin g  is s ta r te d  an d  th e  liq u id  fro m  th e  u p p e r  vessel is added  
to  th e  low er one a t  such  a r a te  t h a t  th e  B eckm ann  th e rm o m e te r  sh o u ld  n o t show

Fig. 4. T he e n th a lp y  o f m ix in g  as a fu n c tio n  of nom inal com position , о  m easu red ; •  c a lcu la ted

an y  change of te m p e ra tu re . T im e is m easu red  w ith  a s to p -w a tc h , tim e  vs. 
vo lum e d a ta  be ing  o b ta in e d . F ro m  tim e  and  th e  o u tp u t  o f th e  e lec tric  h e a te r , 
th e  a m o u n t o f h e a t ,  w hile from  volum e and  d e n s ity  d a ta ,  th e  m ole frac tions 
can  be  ca lcu la ted . A d ra w b a c k  of th is  m eth o d  is t h a t  on ly  en d o th e rm ic  h ea ts  
o f m ix in g  can he  m easu red  an d  th e  te m p e ra tu re  o f th e  m ea su re m e n t can n o t 
be chosen  a t  will. A source  o f e rro r  is th a t  th e  te m p e ra tu re  c a n n o t be  a d ju s te d  
to  th e  sam e v a lu e  in  v a rio u s  series of ex p erim en ts . T h e  o th e r  sources o f erro r, 
in c lu d in g  th e  h e a t g e n e ra te d  b y  th e  s tirre r, h a v e  b een  fo u n d  to  be  negligible. 
T h e  resu lts  are  co llec ted  in  T ab le  V I I I  and  F ig . 4.

T he u n c e r ta in ty  o f  vo lum e an d  te m p e ra tu re  m e a su re m e n t causes an 
overa ll e rro r o f + 2 .5 % . T h e  v a r ia tio n  of th e  te m p e ra tu re  d u rin g  th e  m easu re
m e n t caused , th ro u g h  th e  sh if t o f th e  association  eq u ilib riu m , a m ax im u m  erro r 
of 1 %  in  th is  series. As show n b y  Fig. 4, th e  ag reem en t b e tw een  ca lcu la ted  
an d  ex p erim en ta l va lu es  is good.
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Table V III

XB h e  cal * B H E  — ~ — 
m ole XB H E  cal

m ole m ole

0 . 0 4 7 1 1 9 .8 0 . 2 5 6 0 5 1 .1 0 . 7 0 0 5 4 5 . 6

0 . 0 5 8 7 2 0 . 0 0 . 2 7 9 0 5 3 .5 0 . 7 1 8 0 4 4 . 6

0 . 0 7 3 6 2 3 .0 0 . 2 8 1 8 5 3 . 4 0 . 7 2 1 3 4 4 . 3

0 . 0 8 1 0 2 7 .1 0 . 2 9 2 0 5 4 .1 0 . 7 3 5 6 4 3 . 4

0 . 0 9 1 1 3 1 . 5 0 . 2 9 6 1 5 4 .0 0 . 7 5 1 8 4 1 . 2

0 . 0 9 3 8 2 8 . 9 0 . 3 0 6 1 5 4 .8 0 . 7 6 9 0 3 9 . 6

0 . 1 1 1 2 3 2 . 8 0 . 3 1 5 7 5 5 .8 0 . 7 7 0 8 4 1 . 0

0 . 1 2 1 5 3 4 . 4 0 . 3 3 2 0 5 6 .5 0 . 8 0 0 2 3 7 . 4

0 . 1 3 2 3 3 8 . 0 0 . 3 4 8 0 5 6 .6 0 . 8 1 6 1 3 5 .2

0 . 1 6 2 4 4 4 . 8 0 . 3 7 0 0 5 7 .0 0 . 8 4 2 9 3 3 .7

0 . 1 7 5 5 4 1 . 2 0 . 3 8 9 5 5 7 .6 0 . 8 6 0 5 2 8 .1

0 . 1 9 5 0 4 5 . 6 0 . 3 9 1 5 5 7 .5 0 . 8 8 3 2 2 6 . 3

0 . 1 9 8 0 4 8 . 0 0 . 4 0 7 0 5 7 . 8 0 . 9 1 9 1 1 8 .5

0 . 2 2 3 0 4 8 . 5 0 . 4 2 8 3 5 7 .5 0 . 9 2 2 6 1 6 .6

0 . 2 2 8 0 4 9 . 0 0 . 6 9 9 8 4 6 .8

Symbols

A  =  m onom eric ace tic  ac id ,
A  2 =  dim eric ace tic  ac id ,
В  =  carbon te tra c h lo r id e ,
A h  =  en th a lp y  ch an g e  in  th e  a c tu a l m ix tu re ,
A H  =  en th a lp y  ch an g e  in  th e  n o m in a l m ix tu re ,
H E =  m easured  e n th a lp y  o f  m ix in g ,
К  =  chem ical eq u ilib r iu m  c o n s ta n t  of th e  assoc ia tion  re ac tio n  exp ressed  w ith  mole- 

fractions,
N  =  num ber o f m oles,
r  =  m olecular ra d iu s ,
и  =  average m o lecu la r in te ra c t io n  energy,
w =  in te rchange  en erg y ,
z =  coord ination  n u m b e r ,
X =  mole frac tio n ,
a  =  average p o la r iz a b ili ty ,
fx =  p e rm an en t d ipo le  m o m e n t.

Subscripts

1 =  m onom eric ace tic  a c id  in  th e  a c tu a l m ix tu re ,
2 =  dim eric ace tic  acid  in  th e  a c tu a l m ix tu re ,
3 =  carbon te tra c h lo r id e  in  th e  ac tu a l m ix tu re , 
ac =  acetic acid in  th e  n o m in a l m ix tu re ,
В  =  carbon te tra c h lo r id e  in  th e  nom inal m ix tu re ,
T  =  to ta l,
r  =  reaction ,
a =  association,
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d  =  d issociation ,
f  =  m ixing,
sep =  separation (de-m ixing),
0 =  refers to  pure acetic acid (upper index).
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INVESTIGATION OF ADSORPTION PHENOMENA 
ON PLATINIZED Pt ELECTRODES BY TRACER

METHODS, I
T H E  E X P E R IM E N T A L  P R O C E D U R E  A N D  I I ,S 0 4 A D S O R P T IO N  

J .  S o l t , G. H o r á n y i  and F . N a g y

(Central Research Institu te fo r  Chemistry, H ungarian Academ y o f Sciences, Budapest)  

R ece iv ed  N ovem ber 29, 1968

A  m e th o d  h a s  b een  developed  for th e  in v e s tig a tio n  o f ad so rp tion  p h e n o m e n a  
on  p la tin u m  e lec tro d es b y  tra c e r  techn iques, u s in g  iso to p es  e m ittin g  eoft ^ - ra d ia tio n .

T h e  re la tio n  b e tw een  a p p a ra tu s  p a ra m e te rs  a n d  th e  sy s tem atic  erro r o f m ea su re 
m en ts  w as an a ly zed .

T h e  a d so rp tio n  o f  H SO 7  ions was in v e s tig a te d  on  p la tin ized  P t  e lec tro d es in  
1 N  H C104 su p p o rtin g  e le c tro ly te  so lu tion  as a  fu n c tio n  o f  th e  electrode p o te n tia l .  T he 
follow ing h a s  b een  e s tab lish ed :

1. th e  a d so rp tio n  o f H S O 7  ions is specific  a n d  is a  fu n c tio n  of b o th  th e  e lec tro d e  
p o te n tia l a n d  H SO 7  co n ce n tra tio n ;

2. H S O 7  a d so rp tio n  is reversib le a t  p o te n tia ls  be low  750 mV as re fe rred  to  th e  
R H E  an d  irrev e rsib le  a t  h ig h er p o ten tia ls ;

3. in  th e  c o n c e n tra tio n  ran g e  be tw een  10-7  a n d  10-4  mole/1 th e  c o n ce n tra tio n  
depen d en ce  o f a d so rp tio n  can  be  described b y  th e  su p e rp o sitio n  o f th ree  L an g m u ir-  
ty p e  iso th e rm s co rre sp o n d in g  to  th ree  d iffe ren t k in d s  o f  ad so rp tio n  sites. T h e  ad so rb ed  
am o u n ts  re q u ire d  fo r th e  sa tu ra tio n  of d iffe re n t s i te s  (JT f) a re  p o ten tia l d e p e n d e n t.

In  earlie r co m m u n ica tio n s  [1], s tud ies on  th e  in d iv id u a l steps o f liq u id  
(aqueous) p h ase  h e te ro g en eo u s  ca ta ly tic  h y d ro g e n a tio n  h av e  been  d escribed . 
O ne o f th e  s tep s  is th e  a d so rp tio n  of th e  s u b s t r a te  w hich  has n o t y e t  b een  
t r e a te d  in  d e ta il th o u g h  a n  a t te m p t was m a d e  [2] to  e s tim a te  th e  e x te n t  o f 
su b s tra te  a d so rp tio n  in d ire c tly , from  re su lts  o b ta in e d  for h y d rogen  a d so rp 
tio n . In  th e  above  p a p e r , th e  d ifficulties e n c o u n te re d  in  th e  course o f  th e  in 
d irec t m easu rem en t h a v e  b een  po in ted  o u t. I t  seem ed  desirable, th e re fo re , 
to  tu r n  to  a d ire c t m e th o d , a n d  accord ingly , a m e th o d  h ad  to  be chosen  or 
dev ised  th a t  w as su ite d  to  th e  d e te rm in a tio n  o f  th e  ad so rp tio n  o f d isso lved  
species inc lu d in g  th e  s u b s tra te  on th e  m ost co m m o n ly  used  m eta l c a ta ly s ts .

T he conclusion  w as a rr iv e d  a t  th a t  th e  r a d io a c tiv e  tra c e r  m e th o d , m ore  
th a n  a n y  o th e r  m e th o d , w as su ited  to  th is  p u rp o se  a n d  th a t  a c o m b in a tio n  
w ith  o th e r  tech n iq u es  m ig h t be  v e ry  f ru itfu l.

A ccord ing ly , th e  rad io a c tiv e  tra c e r  m e th o d  to  b e  em ployed h as  to  fu l
fill th e  fo llow ing re q u irem en ts .

1. A p p lica tio n  m u s t be  possible u n d e r th e  co n d itio n s  p reva iling  in  h y 
d ro g en a tio n  a n d  e lec tro h y d ro g en a tio n .

2. As th e  r a te  o f  h y d ro g en a tio n  in  aq u e o u s  so lu tio n s on m eta l c a ta ly s ts  
is a fu n c tio n  o f  th e  e lec tro d e  p o ten tia l, a d so rp tio n , to o , has to  be m easu red  
as a fu n c tio n  o f  th e  p o te n tia l.
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3. A  con tinuous m e a su re m e n t is re q u ire d , i.e. th e  re la tio n sh ip  b e tw een  
a d s o rp tio n  an d  p o te n tia l m u s t be  d e te rm in e d  w ith o u t d is tu rb in g  th e  system .

4. A s labelling  o f th e  co m p o n en ts  (e.g. H 2S 0 4, o rgan ic  co m p o u n d s, 
w a te r )  is genera lly  possible b y  iso to p es e m ittin g  soft ß  ra d ia tio n  (35S, 14C, 3H) 
th e  e q u ip m e n t m u st be su itab le  fo r th e  m easu rem en t of such  ra d ia t io n .

The m eth o d  o f m easu rem en ts

A  n u m b e r of tra c e r  m e th o d s  fo r th e  m easu rem en t o f a d s o rp tio n  from  
a q u e o u s  so lu tions h a v e  b een  d esc rib ed  in  th e  lite ra tu re  [3— 14]. M ost su ited  
to  th e  p re se n t s tu d y  are  te ch n iq u es  s im ila r  to  tho se  described  in  p a p e rs  [6], 
[8] a n d  [11].

T h e  above tra c e r  tech n iq u es  a re  e ssen tia lly  m odifications o f  th e  J o l io t  

m e th o d  [15], o rig inally  deve loped  fo r  th e  in v es tig a tio n  o f e le c tro ly tic  m e ta l 
d e p o s itio n . T he a p p a ra tu s  e sse n tia lly  co nsists  o f an  e lec tro ly tic  cell w ith  a 
p la t in u m  o r gold foil c a th o d e  w h ich  a t  th e  sam e tim e , serves as d e te c to r  “ w in
d o w ” . T h e  a p p a ra tu s  deve loped  h e re , to o , is essen tia lly  a m o d if ic a tio n  of 
th is  m e th o d , ad ap ted  to  th e  a im s a n d  re q u ire m e n ts  of th e  p re se n t s tu d y .

A. The measuring  cell

T h e  m easu ring  cell is o f th e  th re e -c o m p a r tm e n t ty p e  c o m m o n ly  used  in 
e lec tro ch em ica l w ork. Such a cell w as also  u sed  in  th e  in v e s tig a tio n  o f  e lec tro 
h y d ro g e n a tio n . T he b o tto m  o f th e  c e n tra l  c o m p a rtm e n t (A ) is a g o ld -p la ted
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p la s tic  foil (D ) on w hich  th e  m e ta l to  be in v es tig a ted  is dep o sited  su b se q u e n tly . 
T h is  is th e  m ain  e lec trode  on w h ich  ad so rp tio n  is in v es tig a ted . T h e  g o ld -p la t
in g  also serves as e lectric  c o n ta c t ( F ). E lec tro d es В  an d  C a re  im m e rse d  in 
th e  sam e e lec tro ly te  as th e  m ain  e lec trode . T h e  cell c o m p a rtm e n ts  o f  th e  side 
e lec trodes are co n n ec ted  to  th e  c e n tra l  c o m p a rtm e n t b y  greaseless g lass s to p 
cocks. B o th  are  h y d ro g en  e lec tro d es an d  serve as au x ilia ry  a n d  re fe ren ce  elec
tro d e s  to  po larize  th e  m ain  e lec tro d e  an d  to  m easu re  its  p o te n tia l .

U nder th e  p la s tic  foil an d  a t  a c o n s ta n t d is tan ce  is p laced  th e  sc in tilla 
t io n  co u n te r (E ) u sed  to  m easu re  ra d ia tio n . T h e  c e n tra l c o m p a r tm e n t is p ro 
v id e d  w ith  gas in - a n d  ou tle ts  fo r  th e  rem oval o f  0 2 from  th e  so lu tio n  a n d  th e  
space  above it.

B. T he  m ain  electrode

T he m ain  e lec trode , se rv in g  a t  th e  sam e tim e  as th e  “ w ind o w ”  o f th e  
sc in tilla tio n  c o u n te r , has to  fu lf ill th e  follow ing req u irem en ts .

1. I t  shou ld  h av e  su ffic ien t m echan ical s tre n g th  because  i t  se rves as 
th e  b o tto m  o f th e  cell.

2. I t  shou ld  be th in  enough  to  tra n sm it so ft ß  ra d ia tio n  w ith o u t apreci- 
ab le  abso rp tio n .

3. I t  shou ld  resis t th e  e lec tro ly te s  em ployed .
T he f irs t tw o  req u irem en ts  ev id en tly  a re  in  conflic t, th e re fo re , a com 

prom ise  was n ecessa ry  in th e  p ra c tic a l rea liza tio n .
In  th e  ex p e rim en ts , a PV C foil w ith  a th ick n ess  of 1.0— 2.5 m g /cm 2 was 

u sed  w hich sa tisfies re q u ire m e n t 1.
In  o rder to  fo rm  a co n d u c tin g  layer, a th in  (0.5— 1.0 fim ; 1— 2 m g/cm 2) 

la y e r  of gold w as deposited  on  th e  PVC foil b y  v acu u m  p la tin g . D ire c t d ep o 
s itio n  of p la tin u m  is n o t possib le because e v a p o ra te d  p la tin u m  does n o t  form  
a u n ifo rm  lay e r, a n d  th e  te m p e ra tu re  req u ired  fo r v acu u m  p la tin g  w ith  p la t i
n u m  destroys th e  PVC foil in  th e  given e v a p o ra tio n  cham ber.

A fter a d e q u a te  p re tre a tm e n t, th e  gold dep o sit of th e  ab o v e  th ick n ess  
show s excellen t adhesion  an d  a su itab le  co n d u c tiv ity . (The re s is ta n c e  o f a 
1 cm  wide g o ld -p la ted  s trip  o f  PV C  is 0 .8 — 1 Q  c m -1 ).

T he foil th u s  p rep ared  w as fa s ten ed  to  th e  open b o tto m  o f th e  cell b y  a 
ta p e re d  g round  glass rim . E le c tr ic  c o n ta c t w as ensu red  b y  a t ta c h in g  a  copper 
c lam p  to  th e  g o ld -p la ted  side o f  th e  foil o u ts id e  th e  cell. T h e  e le c tro d e  was 
p la tin ized  in  th e  cell using a so lu tio n  of H 2P tC lG an d  an  a p p a re n t c u r re n t  d en 
s i ty  o f ab o u t 1.5 m A /cm 2. A fte r  rinsing  an d  a lte rn a te  ca th o d ic  a n d  anodic  
p o la riza tio n  in 1 N  HC10,,, th e  p re p a ra tio n  o f th e  e lec trode  w as re g a rd e d  as 
com plete .
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C. Electric apparatus

T h e  described cell w a s  used  w ith c o n v e n tio n a l e lectric  a p p a ra tu s .
a )  P o te n tio s ta t. M a x im u m  cu rren t: 10 m A , ran g e : — 400 a n d  —f-1,600 

m V , accu racy  + 1  m V .
b )  G a lvanosta t. C o n tin u o u s  control in  ra n g e s  o f 0.1, 0.3, 1, 3, 10 and 

3 0  rnA .
c )  VT v o ltm e te r. T o ta l  range + 1 .5  V  in  s tep s  o f 100 mV. A ccuracy  

± 1  m V .
R ad ia tio n  d e te c to r  w a s  a GAMMA F 029  ty p e  4—-5— 1— 14 sc in tilla tio n  

d e te c to r  w ith  a p la s tic  ß  p h o sp h o r, sh ielded  a g a in s t lig h t b y  an  A1 foil of 
1 m g /c m 2 overall th ic k n e ss . T h e  d etec to r w as a t ta c h e d  to  a GAM M A ty p e  
N K  108 au tom atic  sca le r w ith  an energy d isc rim in a to r .

D . F u n d a m e n ta l  princip le  o f  the method 

Dependence o f  systematic error on parameters

T h e  described m e th o d  is based  on th e  p rin c ip le  th a t  an  accu m u la tio n  
o f  t h e  labelled  com p o u n d  o n , o r in  th e  v ic in ity  o f  th e  e lec trode  is re flec ted  b y  
a n  in c rea se  of th e  n u m b e r  o f  counts.

I f  accum ulation  is d u e  t o  adsorp tion , i.e. to  b in d in g  of m olecules o r ions 
to  t h e  surface, th e  c o n c e n tra t io n  of th e  so lu tio n  in  th e  im m ed ia te  v ic in ity  of 
th e  e lec tro d e , neg lec ting  th e  v e ry  th in  a d so rp tio n  lay e r, can  be  reg a rd ed  as 
e q u a l  to  th a t  in th e  b u lk  o f  th e  solution.

I n  th is  case, th e  a d s o rb e d  am ount can  be  d e te rm in e d  from  th e  ra d ia tio n  
in te n s i ty  using re la tions d e sc r ib e d  in the  l i te ra tu re  [7]. T he in te n s ity  I A orig
in a t in g  from  the  a d so rp tio n  la y e r  is

I a = АГ
A ssum ing a u n ifo rm  d is tr ib u tio n  of th e  labe lled  com pound  in  th e  so lu 

t io n  su rro u n d in g  th e  m a in  e lec tro d e , th e  b a c k g ro u n d  in te n s ity  I B fro m  th e  
s o lu tio n  is

cc

I B =  ).c I е_(а dx  =  a —  (1)
J Ио

(T h e  u p p e r  lim it of in te g ra t io n  can be e x ten d ed  to  in f in ity  w ith  reg a rd  to  th e  
sm a ll  p e n e tra tio n  of so ft ß  ra d ia tio n .)  T hus th e  to ta l  in te n s ity  ( I f )  fro m  ad 
s o rp t io n  layer and so lu tio n  is

I t = A -  +  A  (2)
l l 1
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w h ere  A =  A I °  ß  (A  is th e  geom etric  su rface  o f  th e  e lectrode, 1° is th e  specific 
a c t iv i ty  o f th e  labelled  com ponen t in  th e  so lu tio n  in  Ci/mole), c is th e  concen 
t r a t io n  o f th e  d isso lved  su b stan ce  (m ole/m g), ß  is th e  efficiency o f  co u n tin g , 
Ц is th e  m ass a b so rp tio n  coefficient (cm 2 • m g -1 ), an d  Г  is th e  ad so rb e d  a m o u n t 
(m ol • c m “ 2), ß  includes geom etric  effic iency , ab so rp tio n  b y  e lec tro d e , d e 
te c to r , e tc ., a n d  th e  respond ing  p ro b a b ili ty  o f th e  coun te r. ( In te n s itie s  7r , I A 
an d  I g are co u n t ra te s .)  Since in  exp ression  (2), th e  m ass a b so rp tio n  coeffi
c ie n t, in d e p e n d e n t o f th e  n a tu re  a n d  d e n s ity  o f  th e  m edium , is fo r conven ience  
g iven  in  cm 2/m g  u n its , x  (in m g/cm 2) is e q u iv a le n t to  th e  d is tan ce  fro m  th e  elec
tro d e  (th ickness o f th e  absorb ing  lay e r). S u b seq u en tly , th is  q u a n t i ty  w ill be 
re fe rred  to  as d is tan ce .

E q . (2) is v a lid  only  if  geom etric  a n d  tru e  surface areas a re  id en tica l, 
i.e. th e  roughness fa c to r  is equal to  1. E q . (2), th e re fo re , can  g en era lly  be  w r it
te n  as

J r  =  * [—  +  y l \  (3)
l / 2

Ac
w here  у  is th e  roughness fac to r. T h u s , — — is th e  a c tiv ity  o r ig in a tin g  from  th e  

so lu tio n  ( I B) w hile Х у Г  is th e  a c t iv i ty  d u e  to  a d so rb ed  su b s ta n c e s  ( I a )-

I t  =  I b  +  I  a  (4)

T h e  la s t  eq u a tio n  illu s tra te s  lim ita tio n s  o f  th e  m e th o d , to o . T h e  sy s te m a tic
c

e rro r  is d e te rm in ed  p red o m in an tly  b y  th e  ra tio  o f  th e  m ag n itu d es  o f  —  a n d
И

у Г .
T h e  la t te r  can  be  in fluenced  b y  increasin g  th e  v alue  o f y .  I n  case o f 

a g iven  p la tin iz in g  p rocedure , w hen  th e  specific  surface area  o f th e  d ep o sited  
p a rtic le s  is fix ed , у  can  only  be in creased  b y  increasing  th e  a m o u n t o f p la t i 
n u m  d ep o sited . I n  th e  p resen t m e th o d , h ow ever, th e  increasing  a m o u n ts  o f 
d ep o s ited  P t  b lack  reduce  th e  c o u n tin g  effic iency , as th e  c o u n te r  is p laced  
o u ts id e  th e  cell. O bv iously  th is  d u a l in fluence  o f th e  am o u n t o f th e  d ep o sit 
inv o lv es  th e  ex istence  of an  o p tim u m  a m o u n t fo r w hich th e  sy s te m a tic  e rro r 
is m in im al. T his cond itio n  w as s tr ic tly  o b served  in  th e  p re p a ra tio n  o f elec
tro d e s .

Io n  adsorp tion  from  e lec tro ly te  so lutions 
on m eta l su rfaces

In  case o f  ions, tw o m ain  ty p es  o f  a d so rp tio n  are  d is tin g u ish ed  [16]:
a)  e le c tro s ta tic  adso rp tio n ,
b)  specific ad so rp tio n .
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E le c tro s ta tic  a d so rp tio n  is a phenom enon  to  be  e x p e c te d  on th e  basis  o f th e  
n a tu re  o f th e  e lec trica l doub le  layer. In  th is  case, th e  en rich m en t co rre sp o n d 
ing to  a d so rp tio n  in  th e  layer(s) in  d irec t c o n ta c t w ith  th e  surface is d u e  to  
e le c tro s ta tic  forces. O n  th e  so lu tion  side p la te  o f  th e  double lay e r co n d en ser 
an  excess o f  p o sitiv e  o r  n eg a tiv e  ions m u s t a p p e a r , as de te rm in ed  b y  th e  elec
tro d e  c a p a c ity . A cco rd in g  to  th e  G ouy— C h ap m an  th e o ry , th e  c o n c e n tra tio n  
of th e  in d iv id u a l ion ic  species in  th e  doub le  la y e r  is given b y  th e  follow ing 
eq u a tio n

„ /1Г , „ 4 ' T r T  [ ~ [ Z f F  7 Г
« =  C ( E a  -  ^ i )  =  /  - -  /  >  e x p  -----— ---------- 1 С,- (5)

i L

w here  s is th e  ch arg e  d e n s ity , C th e  doub le  la y e r  c a p a c ity , E a is th e  e lec trode  
p o te n tia l , y>1 is th e  p o te n tia l  a t  a d is tan ce  o f one io n  rad iu s  from  th e  su rface , 
ó is th e  d ie lec tric  c o n s ta n t  o f th e  m ed ium , z, a n d  c; a re  th e  n u m b er o f charges 
(w ith  th e  a p p ro p r ia te  sign) an d  th e  c o n c e n tra tio n  in  th e  b u lk  of th e  so lu tio n , 
re sp ec tiv e ly , of th e  i - th  ionic species.

I t  is ev id en t f ro m  E q . (5) th a t  th e  c o n c e n tra tio n  o f th e  in d iv id u a l ionic 
species in  th e  doub le  la y e r  is d iffe ren t from  t h a t  in  th e  b u lk  of th e  so lu tio n . 
In  a d d itio n  to  th e  e lec tro d e  p o ten tia l, th e  d ie lec tric  c o n s ta n t o f th e  so lu tio n  
an d  th e  double  la y e r  c a p a c ity , th is  d ifference also  depends on th e  c o n c e n tra 
tio n  a n d  charge  o f  th e  ions in  question  as w ell as on  th e  c o n cen tra tio n  an d  
charge  o f th e  o th e r  ions p re sen t. A ccord ing ly , if  m easu rem en t of th e  q u a n t i ty  
a d so rb ed  specifica lly  is desired , i.e. e le c tro s ta tic  a d so rp tio n  is to  be  ren d e red  
neglig ib le, su p p o rtin g  e lec tro ly te  h as  to  be  em p lo y ed  in  large c o n c e n tra tio n  
beside th e  lab e lled  io n ic  species. T he su p p o rtin g  e lec tro ly te , in  p rin c ip le , d is
tu rb s  th e  specific a d so rp tio n  of ionic species u n d e r  in v estig a tio n . T he a d so rp 
tio n  o f so lu tes d iffers from  gas ad so rp tio n , since th e  w e ttin g  so lu tio n  p roduces 
co m p le te  coverage o f th e  ad so rb en t su rface a n d  a d so rp tio n  is possible o n ly  b y  
d isp lacem en t o f th e  so lv en t. This m eans t h a t  a ll m easu rab le  ch a ra c te ris tic s  
of a d so rp tio n , such  as a d so rp tio n  coefficien ts a n d  h e a ts  of a d so rp tio n , are  
va lu es  re la tiv e  to  th e  so lven t. In  th e  p resence  o f  la rg e  am oun ts o f s u p p o r t
in g  e lec tro ly te , th e re fo re , specific a d so rp tio n  o f th e  in v es tig a ted  ions ta k e s  
p lace as th e  re su lt o f  co m p e titio n  n o t on ly  w ith  th e  so lven t b u t  also w ith  th e  
su p p o rtin g  e lec tro ly te . C onsequen tly , th e  su p p o r tin g  e lec tro ly te  m u s t b e  se 
lec ted  in  such  a m a n n e r  t h a t  its  a d so rp tio n  w o u ld  n o t be s tro n g  en ough  to  
c o m p le te ly  su p p ress  a d so rp tio n  of th e  ions u n d e r  in v es tig a tio n . 1 N  p e rch lo ric  
a c id  h as  been  fo u n d  su ita b le  for th is  p u rp o se  if  a n  acid ic so lu tion  is req u ired .

T h e  use o f 1 N  H C 104 so lu tion  has o th e r  a d v a n ta g e s , too , beside th e  one 
m e n tio n e d . I f  i t  is desired  to  exam ine th e  c o n c e n tra tio n  dependence  o f a d 
so rp tio n  of a w eak  ac id  or an  acid  capab le  o f stepw ise  d issociation , in  a so lu 
tio n  w ith o u t a su p p o r tin g  e lec tro ly te , th e  v a ry in g  ra tio  of ions p ro d u ced  b y
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d isso c ia tio n  has to  be  ta k e n  in to  a c c o u n t, a  com p lica tin g  fac to r in  th e  e v a lu a 
tio n  o f  ad so rp tio n  m easu rem en ts . F o r  ex am p le , in  a H 2S 0 4 so lu tio n , d issocia
tio n  p roduces H +, HSO^f an d  SOj"~ ions, i.e. th e  adso rp tion  o f  tw o  k in d s  of 
an io n s , HSOjT a n d  SO j- -  has to  b e  re ck o n ed  w ith . T he am o u n t o f  th e s e  ions, 
h o w ev er, is n o t p ro p o rtio n a l to  th e  to ta l  su lfu ric  acid c o n c e n tra tio n , since 
th e  second  d isso c ia tio n  co n stan t ( K 2) ° f  su lfu ric  acid  in  w a te r a t  ro o m  te m 
p e ra tu re  is 1.2 X  1 0 ~2 mole/1, an d  th e  d isso c ia tio n  of th e  f irs t p ro to n  is p ra c 
t ic a lly  com plete . T h u s  n e ith e r th e  c o n c e n tra tio n  of HSOj", n o r  t h a t  o f th e  
S O ^ -  ions is p ro p o rtio n a l to  th e  t o ta l  su lfu ric  ac id  co n cen tra tio n . T h e  charge, 
a n d  co n seq u en tly  th e  e lec tro sta tic  a d so rp tio n , i.e. accum ula tion  in  th e  double 
la y e r, is d iffe ren t fo r  th e  tw o ions. P ro b a b ly  th e re  is also a d iffe ren ce  in  th e  
s tre n g th  o f specific adso rp tio n . C o n seq u en tly , u n d e r  such c o n d itio n s , th e  re 
su lts  o b ta in ed  w ith  th e  tra c e r  m e th o d  c a n n o t be  assigned u n a m b ig u o u s ly  to  
a  single ionic species.

I f  m easu rem en t o f sulfuric ac id  a d so rp tio n  is carried  o u t in  1 N  H C 104, 
th e  degree of d issoc ia tio n  of H S O f  ions is a  1.2 • 10~2 reg a rd less  o f  th e  to 
ta l  su lfu ric  acid  c o n cen tra tio n , i.e. th e  c o n c e n tra tio n  of S O ;f-  io n s  is less 
th a n  1 .2 %  of th e  to ta l  sulfuric ac id  c o n c e n tra tio n  an d  p rac tica lly  o n ly  HSCff 
ions h a v e  to  be  considered .

E x p e rim e n ta l

A . S olu tions

Since th e  su rface  o f  P t  is very  se n sitiv e  to w a rd s  im p u ritie s, th e  so lu tio n s  h a v e  been 
p re p a re d  w ith  ex trem e  care . D oubly  d is tilled  a n d  fre sh ly  rebo iled  w a ter a n d  a n a ly t ic a l  grade 
chem ica ls w ere used . O x id izab le  trace  im p u r it ie s  w ere d es tro y ed  by  H 20 2, excess  H 20 2 being 
rem o v ed  b y  boiling  o v e r P t  powder. A s to c k  so lu tio n  o f  0.5 N  H 2SO, w as p re p a re d  a n d  the  
n ecessa ry  so lu tions w ere p rep ared  by  d ilu tio n .

L abelling  w as p e rfo rm ed  im m ed ia te ly  before  u se , w ith  I I 2SO, p rep ared  fro m  u n s u p p o r t
ed  3*S (a c tiv ity :  5 C i/m l). As H 2S 0 4 p re p a re d  fro m  u n su p p o rte d  35S c o n ta in s  co n sid erab le  
a m o u n ts  o f Cl-  ions w h ich , due to c o m p e titiv e  a d so rp tio n , lead  to  false re su lts  o n  H 2SO, a d 
so rp tio n , chloride  ions h a d  to  be e lim in a ted . T h is  w as done  b y  d ilu ting  I I 2SO , p re p a re d  from 
35S w ith  in ac tiv e  H 2S 0 4 to  ob ta in  a 5 • 10“ 5 m o la r so lu tio n  and t it ra tin g  СГ io n s  w ith  an 
AgC104 so lu tion . T he AgCl p rec ip ita te  w as re m o v e d  b y  f ilte rin g . T hus th e  c o n c e n tra t io n  o f Cl
io ns in tro d u c e d  in  th e  lab e llin g  procedure  is re d u ce d  to  less th a n  10“ 8 mole/1.

B. T he m a in  P t  e lectrode

P re p a ra tio n  a n d  p la tin iz in g  of th e  m a in  e lec tro d e  w as carried  o u t as d e sc rib e d  p re 
v io u sly . T h e  a m o u n t o f  P t  deposited  v a r ie d  b e tw een  2 a n d  4 m g/cm 2 (as re fe r re d  to  th e  geo
m e tric  su rface  of th e  m ain  electrode). T h e  ro u g h n e ss  fa c to r  (y) was calcu la ted  fro m  th e  double 
la y e r  sec tion  of th e  c h arg in g  curve d e te rm in e d  in 1 N  H C 104 solu tion . T he d o u b le  la y e r  ca
p a c ity  w as ta k e n  as 3 0 /fF /cm 2. (This v a lu e  is, to  a  c e r ta in  e x te n t, a rb itra ry .)  A s, h o w ev er, the  
c h arg in g  cu rve  w as a lw ay s  de term ined  in th e  sam e e le c tro ly te  so lu tion , th e  re la t iv e  roughness 
fa c to rs  a re  co rrec t even  if  th e  abso lu te  v a lu e s  a re  n o t. T h e  va lue  of y  in th e  p r e s e n t  in v es tig a 
t io n  v a r ie d  be tw een  200 a n d  300.

Im m e d ia te ly  b e fo re  th e  ad so rp tio n  m e a su re m e n ts , th e  m ain  e lectrode  w a s  su b m itte d  
to  re p e a te d  (3 to  4 tim e s) anodic and  c a th o d ic  t r e a tm e n t  (2 m inutes each ). T h e  la s t  5 min 
t r e a tm e n t  w as ca th o d ic . T h e  cu rren t d e n s ity  used  in re g en e ra tio n  was 0.7 m A /cm 2, as referred  
to  th e  geom etric  su rface . B y  th is k ind  o f  re g e n e ra tio n  adso rb ed  sulfuric  ac id , to o ,  cou ld  be 
co m p le te ly  rem oved  fro m  th e  electrode su rface .
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C. D eterm ination of the adsorbed am ounts

T h e  q u a n ti ty  o f su b s ta n c e  ad so rb ed  was co m p u ted  f ro m  th e  m easured  I T  a n d  I B  v a lu es, 
u s in g  E q s  (3) an d  (1). T h e  a d so rp tio n  of H 2S 0 4 (SO 7  “ , H S O j  ions) a t  E  =  0 mV w ith  re sp e c t 
to  th e  R H E  is p ra tic a lly  n a u g h t.  T h u s  counts rece ived  d u r in g  cathod ic  p o la riza tio n  m a y  be 
id e n tif ie d  w ith  I g .  F ro m  (1), A can  b e  calcu la ted  fo r g iv en  I B  a n d  know n c and  ц .  c  is k n o w n  
fro m  th e  p re p a ra tio n  of th e  so lu tio n , n  is th e  m ass a b s o rp t io n  coefficient o f th e  ß  ra d ia tio n  o f 
35S (0 .3 1 4  cm 2/m g). F ro m  A, th e  m ea su re d  IT and  th e  ro u g h n e s s  fac to r y ,  th e  specific  a d so rp 
t io n  c a n  b e  ca lcu la ted  b y  (3).

I A = IT - I B = ЛуГ (6)

A s th e  in d iv id u a l c o u n ts  a re  n o t  listed  am o n g  th e  re su lts ,  some illu s tra tiv e  d a ta  a re  
g iv en  h e re .  T h e  va lues o f  I f  fo r 11 SO 4 ions v aried  b e tw e e n  4— 6 X 104 and 2— 3 X 105 cp m , 
d e p e n d in g  o n  th e  c o n c e n tra tio n , w h ile  th e  value o f I  g  w a s  500— 1500 cpm  in  th e  reg io n  o f 
m a x im a l ad so rp tio n , th e  t r u e  b a ck g ro u n d  being 2— 300 c m p . I t  can  be seen t h a t  th e  v a lu e  
o f I f / I g  v a r ie s  be tw een  30 a n d  600, g iv ing  a suffic ien t a c c u ra c y  in de term in ing  th e  d ifferen ce  
1 A . U n d e r  th e  above co n d itio n s , th e  rad ia tio n  com ing  f ro m  adso rbed  species w as m ea su re d  
w ith  a n  effic ien cy  of a  few  % , d ep en d in g  on the  ro u g h n e ss  fa c to r . (E fficiency ß  a p p e a rin g  in  
th e  p ro p o r t io n a lity  fa c to r  A o f  E q . (2).)

T h e  co n cen tra tio n  a n d  p o te n tia l  dependence o f  Г , w a s  de term ined  b y  m ea su rin g  IT 
a t  v a r io u s  c o n ce n tra tio n s  a n d  p o te n tia ls . In  th e  d e te rm in a tio n  o f equ ilib rium  c o n ce n tra tio n s , 
ch an g es in  c o n ce n tra tio n  d u e  to  a d so rp tio n  have b een  ta k e n  in to  account.

H o w e v e r  carefu lly  so lu tio n s  w ere m ade u p , p o iso n in g  o f  th e  electrode w as o b se rv ed  
d u rin g  th e  p rocess o f a d so rp tio n , a s  show n b y  th e  d ec rease  o f  th e  activ ities w ith  t im e .

T h e re fo re , th e  e lec tro d e  h a d  to  be reg en era ted  a f te r  th e  m easu rem en t o f a d so rp tio n  
a t  e a c h  p o te n t ia l ,  especially  in  case  o f  low  co n cen tra tio n s .

A t  h ig h er (10-2 , 10“ 1 IV) concen tra tio n s , om ission  o f  reg en eratio n  d id  n o t  n o tic e a b ly  
a lte r  th e  a d so rp tio n  m easu red , so t h a t  a continuous p assag e  fro m  one p o ten tia l to  a n o th e r  w as 
possib le . T h is , obv iously , sim p lified  th e  m easurem ents.

A dsorption of H 2S 0 4

U sin g  tlie  above p ro c e d u re  th e  ad so rp tio n  o f  su lfu ric  acid (H S O f, SOi~“ ) 
w as m e a su re d  a t  ro o m  te m p e ra tu re  on a p la t in iz e d  P t  electrode as a fu n c 
tio n  o f  p o te n tia l , in  so lu tio n s  o f  various H 2S 0 4 c o n c e n tra tio n  w ith  a n d  w ith 
o u t 1 N  H C 104 as su p p o r tin g  electro ly te. T h e  re s u lts  are show n in  F ig . 2. 
As m a y  b e  seen, a d so rp tio n  becom es m an ifest a t  100— 200 mV an d  rises m o 
n o to n o u s ly  up  to  700— 800 m V .

A t  p o te n tia ls  m ore  p o s itiv e  th a n  those b e lo n g in g  to  m axim al a d so rp tio n , 
th e  m e a su re d  values o f  a d so rp tio n  canno t b e  re g a rd e d  as equ ilib rium  v a lu es  
since th e  m easu red  a c tiv itie s  decrease m o n o to n o u s ly  w ith  tim e. On p ro c e e d 
ing f ro m  such  p o te n tia ls  to  m ore  negative o n es, a n  adsorp tion  h y s te re s is  is 
o b se rv e d . T h e  h y ste resis  lag  increases w ith  in c re a s in g  positive s ta r t in g  p o 
te n tia ls . T h is  tre n d  o f th e  a d so rp tio n  curves ag ree s  w ith  those described  in  th e  
l i te r a tu r e  [9].

A s seen  from  F ig . 2, th e  adso rp tion  m a x im a  ap p ear a t  700— 800 mV 
for so lu tio n s  b o th  w ith  a n d  w ith o u t perch lo ric  a c id  support. T he v a lu e s  o f  
a d s o rp tio n , how ever, a re  r a th e r  d ifferent fo r th e  tw o  kinds of m easu rem en t. 
As a ru le ,  ad so rp tio n  is g re a te r  for solu tions w ith  perchloric acid. T h is m a y  
be d u e  to  d ifferences in  th e  yq po ten tia l, a n d  to  th e  fac t, th a t  th e  c o n c e n tra -
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tio n  ra tio  [H S O j'j/fS O i ] v a rie s  w ith  su lfu ric  acid  c o n c e n tra tio n  a n d  is 
d iffe ren t fo r  th e  tw o  cases. T h e  a d so rp tio n  p o te n tia ls  o f  th e  tw o  ions a re  p re 
su m ab ly  d iffe ren t.

T h e  a d so rp tio n  o f HSOj" ions in  1 N  H C 104 so lu tion  m u s t b e  reg a rd ed  
as specific  ad so rp tio n . Since b o th  ClOj" a n d  H S O ^  ions are  u n iv a le n t, th e ir  
p a r tic ip a tio n  in  th e  fo rm atio n  o f th e  doub le  la y e r  shou ld  depend  o n ly  on  th e ir  
re la tiv e  c o n c e n tra tio n , if  on ly  e le c tro s ta tic  forces w ere o p era tiv e . O n  th e  b a -

, 200 400 600 800 1000
E [mV]

Fig. 2. P o te n tia l  depen d en ce  o f su lfu ric  acid  a d so rp tio n . 1.: 5 X  10 3 mole/1 H 2SO , -f- 1 N  
H C I0 4; • ;  I* .: 5 X 1 0 " 3 mole/1 H 2S 0 4; o ;  2.: 5 X lO “ 4 mole/1 H 2S 0 4 +  1 N  H C 104; A . 
2’.: 5 X 10-«  mole/1 H 2S 0 4; A , 3 .: 5 X lO“ 3 mole/1 H 2S 0 4 +  1 N  HC104; H, 3’.: 5 X  К Г 3

mole/1 H 2S 0 4; □

sis o f  th is , th e  q u a n t i ty  of ions p a r tic ip a tin g  in  th e  fo rm atio n  o f th e  do u b le  
lay e r can  be  e s tim a te d . L e t us consider th e  sim plified  m odel in  w h ich  th e  so
lu tio n  side p la te  o f th e  doub le  la y e r  c a p a c ito r  consists of anions o n ly . I n  th is  
case, a p o te n tia l  change o f A E  causes a ch an g e  o f  th e  q u a n ti ty  o f ions in  th e
double  la y e r  e q u iv a len t to  th e  change o f ch a rg e  AQ — C A E  d ep en d in g  on th e
c a p ac ity . I f  th e  co n c e n tra tio n  o f  th e  tw o ions o f  eq u a l charge in  th e  so lu tio n  
is c, a n d  c2, th e  charges AQ ,  an d  A Q 2 re p re se n te d  b y  th em  in th e  d o u b le  la y e r  
obey  th e  follow ing re la tio n s :

AQ =  AQ,  +  A Q 2 (7)

AQ,  : A Q 2 =  c , : c 2 (8)
g iv ing

AQ* = — A Q  -  (9)
1 + - ^

c2
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T a k in g  th e  double lay e r c a p a c ity  as c o n s ta n t, one ob ta ins

AQ  =  C A E  (10)

S ince  th e  charge re p re se n te d  b y  1 m ole o f  a u n iv a le n t ion  is a p p ro x im a te ly
105 C oul, zl-TeFstat =  10-5  AQ  =  10~5 C A E

A l  Ü ïs ta t  =  А Г  el.stat ------------------  (1 1 )
1 +  - * -

C2

U sin g  a n  average double  la y e r  c a p ac ity  o f 30 /uF /cm 2 for th e  p o te n tia l  in te r 
v a l  A E  —  500 mV in  th e  reg io n  o f rev ers ib le  a d so rp tio n , one o b ta in s

A Q  =  1.5 X 10~5 cou l/cm 2, i.e. A E ei stat =  1.5 X  10~ ln m ole/cm 2

V a lu e s  o f  / 1 / e'istat ca lcu la ted  from  (11) an d  th e  ex p e rim en ta l values o f  А Г  are 
g iv e n  in  T ab le  I  (index®  re fe rs  to  HSOi" ions).

Table I

Values o f  electrostatic adsorption (А Г е\ stat and A rj)((t:il)  calculated from  Eq. (11) compared 
with measured values А Г  o f  H S O j ion adsorption

A E  =  700— 200 =  500 m V; ct [C lO j] =  1 mole/1

c2 (m o le /1 ) 5 X 1 0 - 5 5 x 1 0 - * 5 X 10—3

ly^ei.stat '  1 9 (m ole/cm 2) 1.5 1.5 1.5

^Tcl.’stat '  10'° (m ole/cm 2) 0 .75X  1 0 - 4 0.75X 1 0 - 3 0 .7 5 X 1 0 - 2

А Г  ■ 10 10 (m ole/cm 2) 0.43 1.30 1.80

I t  c an  be seen from  T ab le  I  t h a t  th e  a c c u m u la tio n  of HSOj" ions ex p ec 
te d  f ro m  e lec tro sta tic  causes is less th a n  1 %  o f th e  ad so rp tio n  va lu es  a c tu a lly  
m e a s u re d  even  a t  a H 2S 0 4 c o n c e n tra tio n  o f  5 X  10~ 3 mole/1.

I t  c an n o t be ex p ec ted , o f course, t h a t  v a lu e s  of H SO jf a d so rp tio n  an d  
c h a rg e s  ca lcu la ted  from  th e  doub le  lay e r c a p a c ity  shou ld  coincide. T h e  la t te r  
q u a n t i t y  is an  excess ch arg e  re su ltin g  from  th e  charges o f all th e  an io n s  an d  
c a tio n s  in  th e  double la y e r , w hereas lab e llin g  acco u n ts  on ly  fo r th e  HSO^“ 
io n s (o r, generally  sp eak in g , fo r th e  lab e lled  com pound) in  th e  im m e d ia te  
v ic in i ty  o f  th e  e lectrode su rface .

I n  conclusion, i t  can  b e  s ta te d  t h a t  th e  a d so rp tio n  of HSO^f ions on  P t  
is, b e y o n d  d o u b t, specific. I n  es tab lish in g  th is , th e  use of th e  H C 104 s u p p o r t
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p lay ed  an  im p o r ta n t  p a r t . T he use  of p e rch lo ric  ac id  is o f ad v an tag e  fo r r e a 
sons, in  p a r t  a lre a d y  m en tio n ed : i t  stab ilizes th e  p H , th e  co n cen tra tio n  ra tio  
[H S O ,f]/[S O V ]i th e  ionic s tre n g th  an d , th e re fo re , th e  dim ensions o f  th e  
doub le  layer.

The s ig n if ic a n t ad so rp tio n  o f  HSOj" ions calls a tte n tio n  to  th e  fa c t t h a t  
a H 2S 0 4 su p p o rt is n o t, of necessity , an  in e r t e le c tro ly te  in  in v estig a tio n s o f 
h y d ro g en a tio n  o r  th e  ad so rp tio n  o f o th e r  so lu tes .

C oncen tration  dependence o f  adso rp tio n

E x p e rim e n ta l va lues (Г "‘) o f  HSOj" ion  a d so rp tio n  as a fu n c tio n  o f  p o 
te n t ia l  (E) an d  H 2S 0 4 equ ilib riu m  c o n c e n tra tio n  (c,) a re  given in  T ab le  I I .

The m easu rem en ts  were ca rried  o u t a t  ro o m  te m p e ra tu re  in  1 N  H C 104 
so lu tion . The c o n cen tra tio n s  p e rta in in g  to  eq u ilib r iu m  w ere ca lcu la ted  fro m  
th e  equation

у  F T f
c„ = -------------=  C,у

w here  c0 is th e  in it ia l  co n cen tra tio n , F  is th e  g eo m etric  surface a rea  o f  th e  
elec trode , y  is th e  roughness fa c to r  an d  V  is th e  vo lu m e of so lu tion . C onse
q u en tly , th e  eq u ilib riu m  c o n cen tra tio n  v a rie s  w ith  th e  p o ten tia l even  fo r  a 
g iven  in itia l c o n c e n tra tio n . (The change o f b a c k g ro u n d  rad ia tio n  due to  th is  
change in c o n c e n tra tio n  w as co rrec ted  fo r, to o .)

Table II

E  =  .100 mV E  =  400 mV E  —  500 mV E  =  600 mV E  =  700 mV

е ,х 1 0 ‘ -2 X
 

1 

о e t  X  10» Г ™  X  1 0 12 C f X  1 0 ° r f x l O 12 q x  10« Г ? х  I 0 ,! с*х 10» r ^ x l O 12

mole/1 m ole/em 2 mole/1 m ole/cm 2 mole/1 m ole/cm 2 mole/1 m ole/cm 2 mole/1 m o le /cm a

0.834 0 .49 0 .203 0.405 0.171 0.75 0 .100 1.15 1.53 11.10

1.41 0.75 0 .735 1.10 0.590 1.95 0 .392 3.15 3.15 16.90

1.99 0.95 1.25 1.70 1.02 3.10 0 .732 4.90 6.47 31 .9

5.35 1.75 1.80 2.10 1.53 3.75 1.13 6.10 14.2 57 .6

11.0 2.65 2.88 2.80 2.47 5.30 1.94 8.60 31.0 94.5

22.3 4.55 4 .94 4.35 4.15 8.15 3.53 13.30 45.8 116.5

44.3 7.35 10.4 7.25 9.25 14.50 7.65 24.00 77.9 151

62.4 7.80 21.0 12.90 19.1 25.95 16.3 43.5 128 183

98.5 9.90 42.1 21.65 39.1 41.5 34.6 71.5 231 221

153 13.25 59.7 24.25 56.1 48.2 50.6 85.5 386 290

263 15.55 95 .8 30.0 91.1 62.0 83 .8 110.5

447 21.55 149 35.0 143 78.5 135 138

810 22.00 256 51.5 250 91.0 241 168

1350 28.10 436 76.5 426 139 414 219
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T h e  resu lts  do n o t f i t  e ith e r  T e m k in ’s o r L an g m u ir’s iso th e rm  e q u a tio n . 
C e rta in  a u th o rs  [9] are  in  fa v o u r  o f th e  v a lid ity  o f th e  T em k in  iso th e rm , b u t  
th e  u n d e r ly in g  ex perim en ts h a v e  —  in  o u r  op in ion  —  n o t b een  c a rr ie d  ou t 
u n d e r  co m p arab le  cond itions fo r  th e  d iffe ren t co n cen tra tio n s. A t d iffe ren t 
su lfu ric  ac id  co n cen tra tio n s, th e  p H , ion ic  s tre n g th  and  th u s  th e  s t ru c tu re  of th e  
d o u b le  la y e r  are  su b jec t to  ch an g es. T h e  ra tio  [H SO l ] / [S 0 2i~], to o , changes 
c o n tin u o u s ly  w ith  su lfu ric  ac id  c o n c e n tra tio n . All th is  te n d s  to  com p lica te  
th e  in te rp re ta t io n  of th e  re su lts .

I f ,  how ever, ad so rp tio n  m e a su re m e n ts  are  carried  o u t in  1 N  H C 104 
so lu tio n , changes in  th e  su lfu ric  ac id  c o n c e n tra tio n  only  m o d e ra te ly  in fluence  
th e  o th e r  p a ram e te rs  o f  th e  sy s tem . T h e  [H S O ^ ] / [SO2,^] ra t io  re m a in s  u n 
c h a n g e d  w ith  increasing  su lfu ric  ac id  co n cen tra tio n s  as fa r  as th o se  a re  n o t 
ex cessiv e , a n d  th o u g h  i t  c a n n o t b e  d ec id ed  w hich  form  of su lfu ric  ac id  is a d 
so rb e d , w e can  be assu red  t h a t  th e re  p rev a ils  p ro p o rtio n a lity  b e tw e e n  th e  
c o n c e n tra tio n s  of th e  ionic species a d so rb e d  an d  sulfuric ac id  in  th e  so lu tio n . 
I t  is v e ry  like ly , of course, t h a t  th e  a d so rp tio n  of HSOj~ ions, p re se n t in  g re a t
er c o n c e n tra tio n , is p re d o m in a n t, b u t  i t  c a n n o t be excluded  in  p rin c ip le  th a t  
S 0 2L io n s , to o , are p re sen t in  th e  a d so rp tio n  phase.

A s a lre a d y  d e m o n s tra te d , in  I  N  H C 104 m edium  specific a d so rp tio n  is 
o b se rv e d  u n am b ig u o u sly  b ecau se  o f  th e  excess su p p o rtin g  e le c tro ly te , and 
b e c a u se  accu m u la tio n  due to  e le c tro s ta tic  reasons can  be  d is reg a rd ed . In  
1 N  H C 1 0 4 so lu tion , th e  ionic s tre n g th , a n d  co n seq u en tly , th e  a c t iv i ty  coeffic ien ts 
are  u n c h a n g e d  b y  th e  re la tiv e ly  in s ig n if ic a n t q u an titie s  of su lfu ric  a c id  added . 
T h ese  c ircu m stan ces  also c o n tr ib u te  to  th e  fa c t th a t  th e  e x p e rim e n ta l cond i
tio n s  m a y  he  regarded  as well d efin ed  ev en  w hen  th e  sulfuric ac id  c o n c e n tra 
tio n  is v a r ie d .

T h e  ex p e rim en ta l ta s k  w as to  s tu d y  a d so rp tio n  p h enom ena  in  1 N  H C 104 
so lu tio n  a t  v e ry  low (10 ~7— 10 mole/1) co n cen tra tio n s o f su lfu ric  ac id . In
th e  c o n c e n tra tio n  in te rv a l so fa r  t r e a te d  in  th e  lite ra tu re  (10 ~4— 1 0 _1 N ) ,  
a d s o rp tio n  changes on ly  w eak ly . I n  v iew  o f ex p erim en ta l e rro rs , th e re fo re , 
it  is v e r y  d ifficu lt to  o b ta in  a n  iso th e rm  fro m  th ese  re su lts , a n d  i t  is u n ju s t i 
f ied  to  d ra w  general conclusions co n cern in g  th e  en tire  course o f th e  iso th e rm  — 
ev en  in  case  of ex trem ely  a c c u ra te  m easu rem en ts  —  as th e se  d a ta  a re  
re la te d  to  a re la tiv e ly  u n c h a ra c te r is tic  p a r t  o f th e  iso therm .

T h e  m easu rem en ts  w ere c a rr ie d  o u t  a t  ac tiv ities in  th e  ra n g e  o f  10s 
C i/m ole— 0.1 Ci/mole, d epend ing  on  th e  su lfu ric  acid co n cen tra tio n . G en era lly , 
th e  su lfu r ic  acid  co n cen tra tio n  w as in c rea sed  b y  th e  a d d itio n  o f in a c tiv e  su l
fu ric  a c id  w ith o u t d isassem bling  th e  a p p a ra tu s . T hus th e  h ig h e s t specific  
a c tiv it ie s  occurred  a t  th e  low est c o n c e n tra tio n s .

A s a lre a d y  m en tioned , th e  c o n c e n tra tio n  dependence o f th e  HSO^f ion  
a d s o rp tio n  c an n o t be described  b y  e ith e r  L an g m u ir’s or th e  lo g a rith m ic  iso
th e rm s . A s know n from  li te ra tu re , th e  a d so rp tio n  of hydrogen  a t  th e  p la tin u m -
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-electrolyte in te rface  can  be  rep resen ted  b y  th e  su p erp o sitio n  o f sev e ra l (3— 4) 
L an g m u ir  iso therm s. I t  seem s ju s tif ie d , th e re fo re , to  look fo r a s im ila r in te r 
p re ta t io n  in  th e  p re se n t case. As a f irs t a p p ro x im a tio n  th e  follow ing re la tio n  
w as exam ined :

ГС Г0 b\ Ci I ro ^11 ci I ГЧ) blUCi /Ю \
1 i -  1 I 1 , , ------- Г- Yi —-  --------r -7 i i i r - - . - T --------

1 +  b\ c, l - j -бцс,- 1 +  "in ci

w here th e  F°-s a n d  fc-s are  th e  ad so rp tio n  c o n s ta n ts  an d  Г ‘с is th e  ca lcu la ted  
a m o u n t adsorbed .

T he v a lid ity  o f E q . (12) m eans th a t  on th e  P t  su rface  th e re  e x is t th re e  
k in d s o f  ac tive  cen te rs  w ith  d iffe ren t energies o f  a d so rp tio n , a n d  th e  concen
tra t io n  dependence o f a d so rp tio n  on each  k in d  o f ac tiv e  sites can  be  described  
b y  a L an g m u ir iso th e rm .

T h e  co n stan ts  o f  E q . (12) h av e  b een  d e te rm in e d  from  e x p e rim e n ta l v a 
lues (T able II) on a co m p u te r . T he p ro g ram  is b a se d  on an  ite ra tio n  p ro ced u re . 
T h e  va lu es  of Г и a n d  b a re  d e te rm in ed  b y  m in im iz ing  th e  s ta n d a rd  dev ia tio n  
o f th e  re la tiv e  e rro rs . T h e  resu lts  are  com piled  in  T ab le  III ,  to g e th e r  w ith  
th e  s ta n d a rd  d ev ia tio n s  (A) co m p u ted  from  th e  re la tiv e  erro rs (á,)

Ъ - Г Т ~т Г ‘ 100 [% ]  (13)
■* i

using  th e  d efin itio n  eq u a tio n :

1 n Al2
A =  —  (14)

n I

As m ay  be  seen  from  T ab le  I I I ,  E q . (12) a d e q u a te ly  describes th e  a d 
so rp tio n  of HSOj~ ions on P t  surface w ith in  th e  u su a l e x p e rim e n ta l e rro r

Table III

Constant o f  Eq. (1 2 )  ami the standard deviation o f  computed adsorption values

£ ;  mV 300 400 500 600 700

b r  1 0 - 0

Л/ m o l e ;  4 ц  ■ 1 0 - 4  

4 , M • 1 0 ~ 2

0 . 6 5 ± 0 . 3 5

1 . 5 9 ± 1 . 1 0

1 3 . 6 ± 1 3 . 0

1 . 5 0 ± 0 . 4 7

2 . 2 4 ± 0 . 5 2

1 . 9 8 ± 0 . 3 1

2 . 0 7 ± 0 . 5 3

2 . 3 1 ± 0 . 3 6

1 . 7 6 ± 0 . 2 6

3 . 3 1 ± 0 . 3 3

2 . 2 1 ± 0 . 1 8

4 . 6 0 ± 0 . 6 0

1 0 ± 2 1

2 . 3 2 ± 0 . 4 2

2 . 0 2 ± 0 . 6 7

Г \  ■ 1 0 12

m o l e / c m 2 ;  Г °\\ • 1 0 12 

Г ? , ,  • 1 0 12

0 . 9 5 ± 0 . 4 0

1 0 . 7 ± 6 . 8

2 4 . 8 ± 4 . 1

1 . 0 8 ± 0 . 2 7  

2 8 . 5 ± 4 . 7  

5 6 0  ± 5

1 . 7 8 ± 0 . 5 4  

6 5 . 8 ± 7 . 2  

9 9 7  ± 4 2

3 . 3 9 ± 0 . 2 3

1 3 1 . 5 ± 8 . 9

5 9 0 ± 1 7

3 . 6 6 ± 2 . 4 3

1 9 5 . 6 ± 2 1 . 1

1 3 7 6 ± 1 2 9

A  % 5 . 0 5 . 1 4 . 0 2 . 2 2 . 9
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( - f -5 % )  in  a w ide ran g e  o f  co n cen tra tio n s  (1 0 -7— 1 0~ 3 mole/1) a n d  a t  d iffe ren t 
p o te n tia ls .

A s a fu r th e r  p ro o f o f th e  ap p licab ility  o f E q . (12), th e  va lu es  Г J1 (m eas
u re d  a n d  r Cj (com puted) a re  g iven  for E  =  500 an d  600 mV, to g e th e r  w ith  
th e  re la t iv e  errors in  co lu m n  A  o f T able IV .

T o  estab lish  th e  p o te n tia l  dependence o f c o n s ta n ts  b o f E q . (12), these  
c o n s ta n ts  are  rep resen ted  as fu n c tio n s of E  in  F ig . 3.

E mV
Fig. 3

I t  ap p ears  ju s tif ie d  to  re p re se n t th e  p o te n tia l  dependence  o f th e  b con
s ta n ts  b y  th e  s tra ig h t lines d ra w n  in  Fig. 3. U sing  th e se  values o f b\, Ьц , an d  
Ь щ ,  c o n s ta n ts  Г°1, E°u, E u i  o f  E q . (12) can  also be  ca lcu la ted  b y  m eans o f a 
le a s t sq u a re s  p rocedure . B y  co m p arin g  th e  Г “j va lu es  ca lcu la ted  u sin g  th ese  
c o n s ta n ts  in  E q . (12) w ith  th e  m easu red  va lu es  (T able  I I ) ,  th e  s ta n d a rd  d ev i
a tio n s  as defined  b y  re la tio n s  (13) an d  (14) can  also be  o b ta in ed . T h e  resu lts  
o f  th is  ca lcu la tio n  are  sh o w n  in  T ab le  V.

T h e  s ta n d a rd  d e v ia tio n s  in d ica te  t h a t  th e  a ssu m p tio n  m ad e  a b o u t th e  
p o te n t ia l  dependence o f c o n s ta n ts  b is ju s tif ie d  as th e  s ta n d a rd  d ev ia tio n s 
ex ceed  th e  ex p erim en ta l e rro r  o f + 5 %  on ly  in  som e cases an d  o n ly  in sign ifi
c a n tly . A s a  fu r th e r  v e r if ic a tio n  o f th e  p ro ced u re , th e  ad so rp tio n  va lu es  (Ff) 
c a lc u la te d  from  E q . (12) u s in g  th e  a d so rp tio n  c o n s ta n ts  d e te rm in ed  in  th e  
ab o v e  m a n n e r  are p re se n te d  in  co lum n В  o f T ab le  IV  to g e th e r  w ith  th e  re la 
tiv e  e r ro r s .

F ro m  T able V, g rap h  o f  th e  p o te n tia l d ependence  of Г 0 can  be  o b ta in ed . 
T h e  re s u l t  is show n in  F ig . 4 in d ic a tin g  th a t  th e  F ° values fo r all th re e  k inds 
o f a c t iv e  sites depend  on  th e  p o ten tia l.

T h e  co n cen tra tio n  d ep en d en ce  of a d so rp tio n  is th u s  a d e q u a te ly  d esc rib 
ed  b y  E q . (12). H ow ever, th e  analy sis  of th e  co rresp o n d in g  p h y sica l co n cep t 
p o in ts  to  som e — a p p a re n tly  c o n tra d ic to ry  —  consequences th a t  req u ire  fu r 
th e r  c la rifica tio n .
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Table IV

Comparison o f values ( Г сх and Г \)  calculated from  Eq. (12) using data o f Tables I I I  and V with the measured values (Г™) o f adsorption

E  =  5 0 0  m V  I E  =  6 0 0  m V

CjXlO«
mole/1

r f  x l O 12 

m ole/cm 2

A В

Г ^ х Ю 12

m ole/cm 2

A В

Г ^ х Ю 12

m ole/cm *

à,
%

Г\х  1012 

m ole/cm 2

ài

%

с*х 10e 

mole/1
Г\ X 1012 

m ole/cm 2 %

Г%х 101* 

m ole/cm 2

à,

%

0.171 0.75 0.754 - 0 . 6 0.769 - 2 . 5 0.100 1.15 1.161 - 0 .9 1.143 +  0.6

0.590 1.95 1.967 - 0 . 9 1.962 - 0 . 6 0.392 3.15 3.150 0.0 3.153 - 0 .1

1.02 3.10 2.903 +  6.4 2.874 +  7.3 0.723 4.90 4.654 +  5.0 4.666 + 4 .8

1.53 3.75 3.870 - 3 . 2 3.820 - 1 . 9 1.13 6.10 6.182 - 1 . 3 6.213 - 1 . 9
2.47 5.30 5.479 - 3 . 4 5.401 - 1 . 9 1.94 8.60 8.859 - 3 . 0 9.916 - 3 . 7

4.15 8.15 8.090 +  0.8 7.980 +  2.1 3.53 13.30 13.58 - 2 .1 13.68 - 2 . 9

9.25 14.50 14.92 - 2 . 9 14.80 - 2 .1 7.65 24.00 24.32 - 1 .3 24.43 - 1 . 8

19.1 25.95 25.25 +  2.7 25.26 + 2 .7 16.3 43.5 42.50 ~f*2.5 42.53 +  2.2

39.1 41.5 39.85 +  4.0 40.17 +  3.2 34.6 71.5 69.54 +  2.7 69.21 +  1.6

56.1 48.2 48.77 - 1 . 0 49.25 - 2 .2 50.6 85.5 86.17 - 0 . 8 85.53 0.0

91.1 62.0 62.17 - 0 . 3 62.85 - 1 . 4 83.8 110.5 110.65 - 0 .1 109.49 +  0.9

143.0 78.5 76.84 +  2.1 77.35 +  1.5 135.0 138 136.4 +  1.2 134.9 +  2.2

250 91.5 99.98 - 9 . 9 99.51 - 9 . 4 241 168 173.0 - 3 . 0 172.2 - 2 . 5

426 139 131.2 +  5.6 128.3 + 7 .7 414 219 216.4 +  1.2 219.3 - 0 . 2
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A s d em o n stra ted  a b o v e , th e  p o te n tia l  dependence  o f  a d so rp tio n  can  be 
a t t r i b u t e d  p rim arily  to  th e  p o te n tia l  d ep en d en ce  o f th e  Г 0 v a lu es . O n g round  
o f  t h e  p h y sica l m odel u n d e rly in g  th e  L a n g m u ir  iso th erm , th e  m a x im u m  co
v e ra g e  ( Г н) a tta in a b le  on  th e  d iffe ren t k in d s  o f  ac tiv e  sites sh o u ld  —  acco rd 
in g  to  th e  p resen t co n cep t —  b e  e ssen tia lly  p o te n tia l in d e p e n d e n t. T h u s , if  
su c h  a dependence is fo u n d , th e  reaso n  m u s t be  so u g h t in  som e o th e r  p h en o m 
e n o n  occu rrin g  in  th e  a d so rp tio n  ph ase  a n d  depend ing  on p o te n tia l .  As o th e r 
s tu d ie s  (e.g. th e  a d so rp tio n  o f  C l-  ions) le ad  to  sim ilar conclusions, th is  ques
t io n  w ill be  discussed in  a su b se q u e n t p a p e r .

T h e  existence o f c en te rs  o f d iffe ren t energies of a d so rp tio n  is also  su p 
p o r te d  b y  o th e r e x p e rim e n ta l ev idence , as e.g. th e  phenom ena o b se rv ed  in  th e  
d isp la c e m e n t of adso rbed  lab e lled  su lfu ric  ac id  b y  th e  u n lab e lled  species. 
T h e  t im e  course o f th is  d isp lacem en t is show n  in  F ig . 5.

Table V

C o n s t a n t s  o f  E q . (1 2 )  f r o m  F ig .  3  a n d  th e  s ta n d a r d  d e v ia t io n s  o f  a d s o r p t io n  v a lu e s  c a lc u la te d
th e r e fr o m

E , mV 300 400 О О 600 700

^ X l O - 6 0.59 1.44 2.31 3.16 4.02

1 m o le ; 1оX

1.85 1.99 2.13 2.28 2.42

h JH X 10 2 2.00 2.00 2.00 2.00 2.00

r ? x i o 12 0.856 1.16 1.71 3.43 4.17

m o le /c m 2 -T f tx lO '2 11.97 30.8 71.6 12910 187.5

Л п Х Ю " 81.14 517.7 797.3 1298 1501

2 ,
0 //0 6.8 5.2 4.2 2.3 2.9
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A fte r th e  eq u ilib riu m  in  a 1 0 -4  mole/1 H 2S 0 4 so lu tio n  h a d  b e e n  a tta in e d  
a t  600 mV (section  1), a large excess of in a c tiv e  su lfu ric  acid  w as ad d ed  and  
th e  change in a c t iv i ty  com ing fro m  th e  a d so rp tio n  la y e r  w as m easu red  (sec
tio n  2). As m ay  be  seen, th e  a c t iv i ty  ra p id ly  d ro p s to  a b o u t one h a lf  of its 
in itia l va lue . S u b seq u en tly , th e  process slows d ow n  a n d  th e  ch an g e  in  a c tiv ity  
a lm o s t ceases a t  a considerab le  level. U n d er th e  p rev a ilin g  co n d itio n s th e  spe
cific a c tiv ity  is low ered  b y  d ilu tio n  to  such  an  e x te n t  t h a t  ev en  in  th e  case 
o f  increased  a d so rp tio n  due to  th e  increased  c o n c e n tra tio n , th e  n u m b er of 
co u n ts  p er m in u te  sh o u ld  n o t h a v e  exceeded  a few  h u n d re d , if  ra p id  equ ilib ra 
t io n  betw een  so lu tio n  an d  a d so rp tio n  phase  h a d  ta k e n  p lace. T h is m eans th a t  
exch an g e  is v e ry  slow  on som e s ite s  of th e  su rface .

As a resu lt o f sh iftin g  th e  p o te n tia l  to  m ore  n e g a tiv e  v a lu es , i.e. regenera
tio n , adsorbed  lab e lled  su b stan ce  can  be d isp laced  v e ry  ra p id ly , as show n by  
sec tio n  3 of F ig . 5. I f  th e  e lec tro d e  is su b se q u e n tly  p o la rized  to  th e  in itia l 
p o te n tia l, th e  a c t iv i ty  from  th e  a d so rp tio n  la y e r  is e x tre m e ly  sm all, in  accor
dan ce  w ith  th e  ex p ec ta tio n .

All th is  su p p o rts  th e  v iew  t h a t  ad so rb ed  p a rtic le s  are  d iffe ren tly  bound  
on  vario u s sites o f th e  e lec trode , w hich  is re fle c ted  in  th e ir  r a te  o f desorp tion .

A dependence o f  d eso rp tio n  ra te  on p o te n tia l  (section  3), how ever, also 
seem s to  c o n tra d ic t th e  fac t t h a t  c o n s ta n ts  Ьц a n d  6щ  o f E q . (12) are p rac 
tic a lly  in d ep en d en t o f  th e  p o te n tia l  w ith  th e  ex cep tio n  of b\, w hereas th e  q u an 
t i t y  o f HSO^“ on sites I  is on ly  a n  in sig n ifican t fra c tio n  o f th e  to ta l  q u a n tity  
ad so rb ed  a t a c o n c e n tra tio n  o f  10 ~4 mole/1.

T his p h enom enon  is n ecessarily  co nnec ted  w ith  th e  p o te n tia l depend
ence o f  Г 0 as, on sh iftin g  to  m ore  n eg a tiv e  p o te n tia ls , th e  q u a n t i ty  of H S O ^ 
ad so rb ed  on th e  su rface  b y  fa r exceeds th e  possib le , m ax im a l I IS O ^  coverage 
a t  th e  given (nega tive) p o te n tia l.

4 Acta Chim. Acad. Sei. H ung. 63, 1970
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A  c larification  o f th e  a b o v e  questions an d  a  re so lu tio n  o f  th e  c o n tra d ic 
tio n s  m a y  b e  expected  fro m  th e  in v es tig a tio n  o f  sy s tem s in  w h ich  th e  d iffe r
ences o f  th e  ind iv idual k in d s  o f  a d so rp tio n  sites —  h ere  o n ly  assu m ed  —  are  
m o re  p ro n o u n ced . P re lim in a ry  ex p e rim en ts  show  t h a t  th e  s tu d y  o f  Cl~ ion  
a d s o rp t io n  m igh t be  su ite d  to  th is  end.

*

T h e authors are indebted to  Mr. A . N e s z m é l y i  for preparing the com puter program  
and carry in g  out com putations.
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A p p ro x im ate  q u a n tu m  chem ical c a lcu la tio n s w ere m ad e  co n cern ing  th e  a- and 
л -b o n d  system s o f  tr im e th y la lly ls ila n e  a n d  l-trim e th y ls ily lc y c lo p en te n e -2  in  o rder 
to  e lu c id ate  th e  s tru c tu re  o f  th e  ally l-silicon (a n d  a lly l-g erm an iu m ) g ro u p . T h e  calcu
la tio n s  in d ica ted  in  tr im e th y la lly ls ila n e  th e  com bined  ac tio n  o f th e  h y p e rco n ju g a tio n  
o f th e  C H , g roup  a n d  o f th e  long bo n d  be tw een  th e  silicon a to m  a n d  th e  c a rb o n  a to m  
in /^-position. T h e  b o n d  o rd e r o f th e  bon d  b e tw een  th e  silicon a to m  an d  th e  n e ig h b o u r
ing  carbon  a to m  is a b o u t  8 % , w hile th e  л -bond  c h a ra c te r  o f  th e  long  b o n d  is ab o u t 
3 .5 % . T he л -b o n d  c h a ra c te r  o f th ese  b o nds in  th e  cyclic a lly lic  co m p o u n d  is h igher. 
T h e  ca lcu la ted  re s u l ta n t  d ipo le  m o m en t o f tr im e th y la lly ls ila n e  is 0.448 D , in  good 
ag reem en t w ith  th e  ex p e rim e n ta l v a lu e  o f 0.58 D .

Several au th o rs  h av e  s tu d ie d  th e  b o n d  s tru c tu re  o f v in y ls ilan es  [1, 2, 3] 
w ith  th e  conclusion th a t  co n ju g a tio n  occurs, t h a t  is a d n — p n  b o n d  is fo rm ed , 
be tw een  one of th e  e m p ty  d  o rb ita ls  of silicon a n d  th e  я -e lec tro n  sy s te m  of 
th e  doub le  bond . (A s im ila r d n — р л  in te ra c tio n  has b een  o b serv ed  in  case 
o f a silicon a to m  b o u n d  to  a p h en y l g roup .) In  th e  course o f  th e  p re se n t w ork 
we h av e  in v es tig a ted  w h e th e r a d n — р л  b o n d  will also be fo rm ed  in  case 
o f a lly lsilanes an d , w h e th e r th e  h y p e rc o n ju g a tio n  effect o f  th e  m e th y len e  
g roup  s itu a te d  b e tw een  th e  doub le  bond  an d  th e  silicon a to m  gives rise  to  a 
m ore ex ten siv e  c o n ju g a te d  sy stem .

I t  is know n th a t  th e  u ltra v io le t sp ec tru m  o f tr im e th y lv in y ls ila n e  has 
an  a b so rp tio n  m ax im u m  a t  178 nm , an d  th a t  o f tr im e th y la lly ls ila n e  ( I)  a t 
192 n m  [4]. T here  is a re m ark ab le  resem blence b e tw een  g e rm an iu m  co m 
p ounds an d  th e  analogous silicon d e riv a tiv e s . T h is s im ila rity  is also  in d ica ted  
b y  th e  u ltra v io le t a b so rp tio n  sp ec tra  o f tr im e th y lv in y lg e rm a n iu m  (w ith  a 
m ax im u m  a t  182.5 nm ) an d  o f tr im e th y la lly lg e rm a n iu m  (w ith  a m a x im u m  a t 
197 nm ). T he considerab le  b a th o ch ro m ic  sh ifts  in  th e  sp ec tra  of ally l d e riv a tiv e s  
co m p ared  w ith  th e  v in y l com pounds is th e  re su lt o f th e  ex ten s io n  o f  th e  co n 
ju g a te d  sy stem . In  case o f v in y l d e riv a tiv e s  th e  delocalized  я -e lec tron  
sy s tem  is tr ic e n tr ic . W hen  th e  ally l g roup  is b o u n d  to  silicon (or to  g e rm a
n iu m ), th e re  are  th re e  possib le co n ju g a ted  sy stem s as s.iow n  in  F ig . 1. ( In  th e  
figure  th e  num bers p e rta in in g  to  th e  a to m s m a rk  a t  th e  sam e tim e  th e  n u m 
bers app lied  to  я -system s in  q u a n tu m  chem ical ca lcu la tio n s.)  T h e  я -e lec tron  
sy s tem  w ith  five  cen tres  show n in F ig . l /а  m ay  be  ex p la in ed  b y  th e  h y p e r 
co n ju g a tio n  of th e  h y d ro g en  a to m s b o u n d  to  th e  C-2 a to m . T his h y p e rco n ju -
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g á tio n  m a y  be d iscussed as tw o  hydrogen  a to m s  fo rm in g  a pseudo  p  o rb ita l, 
w h ich  p roduces o v erlap p in g  w ith  th e  p  o rb ita l o f th e  C-2 a to m  (an d  th ro u g h  
th is  w ith  th e  jr-electron s y s te m  o f th e  double b o n d  an d  w ith  one o f  th e  e m p ty  
d  o rb ita ls  o f th e  silicon a to m ). F ig . 1/b reflects th e  case w hen  th e  h y p e rc o n ju 
g a tio n  e ffec t due to  th e  C H 2 g ro u p  is neg lected  (hence th e  C H 2 g roup  does n o t 
p a r t ic ip a te  in  th e  c o n ju g a te d  sy s te m  and  is sh o w n  th e re fo re  b y  a d ash ed  line), 
w hile  o n e  of th e  d o rb ita ls  o f  th e  silicon a to m  overlaps w ith  th e  р л  o rb ita l 
o f  th e  C-2 a to m  in ß  p o s itio n , p roduc ing  a so-ca lled  dong b o n d ’ [5]. T h is case 
c o rre sp o n d s  to  a tr ic e n tr ic  jr-sy stem  in th e  sam e  w ay  as in  th e  co n ju g a ted  
s y s te m  o f  trim e th y lv in y ls ila n e . I n  Fig. 1/c th e  s im u ltan eo u s  p resence of h y p er-

Fig. 1. Assumed conjugated .т-systems in trimethylallylsilane

c o n ju g a tio n  and  long b o n d  re su lts  again  in  a delocalized  jr-system  w ith  five  
c e n tre s . In  th is  system  th e  d n — р л  in te rac tio n  b e tw een  th e  silicon a to m , r o ta t 
ing  a ro u n d  th e  axis c o n n e c tin g  th e  C-2 and  C-4 a to m s, an d  th e  C-4 a to m  c h a n 
ges d ep en d in g  on th e  ang le  o f  ro ta tio n  an d  is s ta tis t ic a lly  o n ly  h a lf  as g rea t 
as th e  v a lu e  for a fix ed  C2— C4 axis. Such a fix e d  ax is an d , w ith  re sp ec t to  th e  
s ilico n  a to m , an  allylic d o u b le  b o n d  occurs in  th e  l- tr im e tliy ls ily lcy c lo p en ten e-2  
m o lecu le  (II). The u l t r a v io le t  sp ec tra  of tr im e th y la lly ls ila n e  an d  of cyclic 
a lly lic  ty p e  deriva tives m a y  fu rn ish  useful ex p e rim en ta l d a ta  to  th e  e lu c id a
t io n  o f  s tru c tu ra l p ro b lem s. T h e  sp ec tra l d a ta  o f  th e  req u ired  cyclic silicon 
c o m p o u n d s  were no t a v a ila b le , b u t  it  is k n o w n  t h a t  th e  sp ec tru m  o f th e  a n a 
lo g o u s  germ anium  d e r iv a tiv e  (Amax =  204 nm ) show s a b a th o c h ro m ic  sh ift 
c o m p a re d  w ith  tr im e th y la lly lg e rm a n iu m  (Amax =  197 nm ) [4, 6]. P e t u h o v  

et al. [4] ob ta ined  th e  sp e c tru m  of a com p o u n d  o f a lly l-g erm an iu m  c h a ra c te r  
(H I) in  w hich th e  g e rm a n iu m  is s itu a te d  in  a five-m cm bered  ring , an d  its  d 
o rb i ta ls  h av e  no p o ss ib ility  to  form  long b o n d s.

T h e  u ltrav io le t a b s o rp tio n  m axim um  o f co m p o u n d  I I I  ap p ea rs  below  180 
n m , t h a t  is a t a sh o rte r  w a v e le n g th , th a n  th e  m a x im a  of th e  o th e r  tw o  allylic com 
p o u n d s . This ex p e rim en ta l f a c t  allows th e  conclusion  th a t  th e  long b o n d  m ay  
in d e e d  co n trib u te  to  th e  fo rm a tio n  of a de localized  тг-sy stem  in  th e  m olecules, 
a n d  th e  lack  of a long b o n d  w ill reduce th e  c o n ju g a te d  c h a ra c te r  o f th e  m ole-
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CH =  CH
/

(CH.,)3S i— CH =  CH„ (CH 3)3S i - C H
\

CH2-C H .,
I II

С Н ,—CH

(C H ;,)3Ge

CH2—CH 
I I I

cule . In  order to  be  ab le  to  s tu d y  th e  role o f th e  h y p e rc o n ju g a tio n  effect and  
o f th e  long b o n d , we carried  o u t q u a n tu m  chem ica l ca lcu la tions w ith  respect 
to  th e  a  and  л  sy stem s o f com pounds I an d  II. C alcu la tions w ith  re sp ec t to  
th e  er-bond system  w ere perfo rm ed  b y  m eans o f th e  m odified  m e th o d  o f D e l  R e  
[7], a n d  w ith  re sp e c t to  th e  jt-b o n d  system  b y  m ean s of th e  sing le-electron  
H ü ck e l LCAO-MO m e th o d . T he s im ila rity  b e tw een  silicon an d  g erm an ium  
com pounds offers a p o ssib ility  o f  ap p ly in g  th e  conclusions d eriv ed  from  th e  
sp e c tra l d a ta  o f  g e rm an iu m  co m pounds to  th e  silicon analogues (e.g., in 
case o f com pound II), an d  to  com pare  th e  re su lts  w ith  th o se  o b ta in ed  b y  q u a n 
tu m  chem ical ca lcu la tio n s for th e  silicon d e riv a tiv e s . (C alcu lation  o f  th e  ger
m an iu m  com pounds involves considerab le  d ifficu lties.)

T he D e l  R e  p a ra m e te rs  u sed  in  th e  ca lcu la tio n  o f  th e  cr-bond system s 
are  lis ted  in  T ab le  I ,  w here  6° s ta n d s  fo r th e  C oulom b p a ra m e te rs , у  is th e  so- 
ca lled  in d u c tio n  p a ra m e te r , an d  e th e  resonance  in te g ra l. N u m b erin g  of th e  
co m pounds is show n  in  Fig. 2.

b

Fig. 2. Num bering o f the atom s in the calculation  o f the cr-bond system s: a)  tr im ethyla lly l 
silane; bj  l-trim eth ylsily lcyclopentene-2

F o r com pound  I th e  follow ing lin ear inhom ogeneous sy s tem  o f  eq u a 
tio n s, consisting  o f  n in e  eq u a tio n s, m ay  he w r itte n :

yicla Chim. Acad. Sei. Hung. > 3, 1970
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Table I

D e l  R e  p a r a m e t e r s

A—B bond
Parameters

C—C C—H Si—c

Ó°A s p -  : 0 .12; s p 3 : 0.07 s p 2 : 0.12; s p 3 : 0.07 — 0.1

Ó°B sp 2 : 0.12; sp 3 : 0.07 0 s p -  : 0 .12; sp 3 : 0.07

>'A(B) 0.1 —0.2 0.2

>'B(A) 0.1 0.4 0.4

e AB 1 1 1

I n  a sim ilar m a n n e r , com p o u n d  I I  m a y  be  ch a rac te rized  b y  a linear 
inhom o g en eo u s sy stem  co n sis tin g  o f 13 eq u a tio n s . T he so lu tio n  o f  th e  system  
o f e q u a tio n s  fu rn ishes th e  C oulom b p a ra m e te rs , an d  w hen th e se  a re  k now n , 
th e  b o n d  p o la rity  degrees QA- b m a y  be ca lc u la ted  w ith  th e  h e lp  o f  th e  eq u a 
tio n

^ A —

2бдв

a n d  th e  bo n d  dipole m o m e n ts  Ш д_в from  th e  eq u a tio n

т.\—в — Qa- b • e • R

(w h e re  e is th e  e le m e n ta ry  ch a rg e , R  th e  b o n d  d is tan ce ); th e  дд p a r t ia l  charges 
a re  o b ta in e d  from  th e  e q u a tio n :

?A =  ~  Qa- b î в

A c ta  Chim. Acad. Sei. H ung. 63, 1970

1. =  (SP 2) +  Ус(С) Ъ  +  2уС(н)

2. +  Ун(С) *̂ с

3. =  <5<~ (sp2) - f  Ус(с) Óq +  Ус(С) àl  +  7с(н)

4. ô'h  =  <̂ н +  Ун(С)^с

5. <5с =  (SP3) +  Ус(С) *Ь +  yc(Si) ^si +  Ус(н)

6 .  +  Ун(С) à b

7. <5 sí =  ^si +  ysi(C) +  3ySi(C) (5£

8. S i  =  Ó” (sp3) +  7c(so ^ sí +  3yC(H) <$н

9. =  <̂h +  Ун(С) ót
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T h e  va lu es  of th e  bo n d  p o la r ity  degrees an d  bo n d  dipole m o m e n ts  a re  listed 
in  T ab le  I I .(W h e n  w ritin g  th e  b o n d s, th e  a to m  show n on th e  le f t-h a n d  side 
h as  th e  n eg a tiv e  p o la rity .)  T h e  n eg a tiv e  signs o f th e  Qcj-C! a n d  т сг—с1 values 
p e r ta in in g  to  com pound  I I  in d ic a te  t h a t  th e  p o la rity  o f th e  b o n d  b e tw een  the 
C -l a n d  C-2 a tom s in  co m p o u n d  I I  is oppo site  to  th a t  in  c o m p o u n d  I .  F o r the 
ca lcu la tio n  of th e  b o n d  d ipo le  m o m en ts  th e  following b o n d  d is ta n c e  values 
w ere u sed :

С— H  1.09 À
С— C (alky l) 1.54 À
С— C (doub le  bond) 1.353 Ä
Si— C 1.87 Â

T h e  (7-charge d is tr ib u tio n  in  com p o u n d  I  is show n in F ig . 3/a, th a t  in 
co m p o u n d  I I  in F ig . 3/b.

1>

F i g .  3 .  cr-charge distributions: a )  trimethylallylsilane; b )  l-trimethylsiIylcyclopentene-2

In  F ig . 1 th e  th re e  possib le  form s o f th e  л -system  in  trim e th y la lly ls ilan e  
are  show n. T he energy  o f th e  m o lecu la r o rb ita ls  and  th e  en e rg y  o f  low est elec
tro n  tra n s it io n  (Zlm) h av e  been  ca lc u la ted  fo r all th ree  cases. I n  th e  f irs t case, 
due  to  th e  h y p e rco n ju g a tio n  o f th e  C H 2 group , a f iv e -cen tre  de localized  sys
te m  is fo rm ed  an d  th e  so lu tio n  o f th e  m a tr ix  e q u a tio n  o f f if th  o rd e r will fu r
n ish  th e  energy  o f th e  m o lecu la r o rb ita ls . T he values of th e  C ou lom b an d  reso
n an ce  in teg ra ls  for th e  ca lcu la tio n  w ere chosen p a r tly  from  l i te r a tu r e  d a ta  [8], 
p a r t ly  from  our earlie r ca lcu la tio n s [9, 10], an d  m ay  be su m m e d  u p  as follows. 
(F o r in teg ra ls  w ritte n  in  th e  p a ra m e tr ic  form  it is u su a l to  ta k e  as basis the 
C oulom b in teg ra l m ark ed  x  o f  th e  c a rb o n  in  th e  benzene rin g  a n d  a t  th e  same 
tim e  th e  resonance in te g ra l ß  o f th e  c a rb o n -c a rb o n  b o n d  in  th e  benzene  ring, 
hence  th e  follow ing in te g ra l va lu es  sh o u ld  be in te rp re te d  in  th is  w ay . For 
ex am p le , th e  c a rb o n -c a rb o n  reso n an ce  in teg ra l o f th e  doub le  b o n d  in  th e  allyl 
g roup  h as  been co n v erted  in to  th e  resonance  in teg ra l u n its  o f  th e  c a rb o n -c a r
bon  b o n d  of benzene.)
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H u  =  a  —  1.8152 /3, н12 =  H 21 =  0.3374 ß ,  H 22 =  H 44 -  H 55 =  «,

Н 2з =  H 32 =  3.06 ß,  H 33 =  a  0.5 ß,  H 24 =  H 42 =  0.8 ß,

H 45 =  H 54 =  1.0324 ß

A fte r  th e s e  values are k n o w n , a n d  supposing h y p e rc o n ju g a tio n , a m a tr ix  o f  
f i f th  o rd e r  m ay be w r itte n :

a  —  1.8152 ß  - - e  0 .3374 ß 0 0 0
0 .3 3 7 4  ß x  —  e 3.06 £ 0.8/3 0
0 3.06/3 X— 0.5 ß  — £ 0 0
0 0.8 ß 0 X ------  £ 1.0324/S
0 0 0 1.0324 ß X ------ £

Tabic II

Calculated bond polarity degree and bond dipole moment values o f  trimethylallysilane (I) an(!
l-trimethylsilyl-cyclopentene-2 (II)

Q a —в m A — В  ( D e b y e )

1 II I и

Cj- C j 0.0059 0.0008 0.038 —0.005

C2—C3 0.0400 0.0346 0.029 0.255
C3—Si 0.0651 0.0699 0.588 0.623

C4- S i 0.0578 0.0568 0.522 0.510

Q  C3 0.0069 0.051

C6- C 5 0.0029 0.021

С,—C6 0.0262 0.195

C i - H , 0.0343 0.0391 0.179 0.204
C2- I I 2 0.0378 0.0386 0.198 0.202

C3- H 3 0.0141 0.0175 0.074 0.092

c4- h 4 0.0102 0.0104 0.053 0.054

Cs- H 5 0.0216 0.113
c 6- H 6 0.0233 0.122

I f  a long bond w ith o u t h y p erco n ju g a tio n  is a ssu m ed  for com pound I  
(F ig . 1 /b ), in  th e  tr ic en tr ic  s y s te m  th e  long bo n d  b e tw e e n  th e  silicon a to m  a n d  
th e  C-2 ca rb o n  atom  (m ark ed  in  th e  figure b y  a d o t te d  line) w ill have  a sm alle r 
re so n a n c e  in teg ra l because o f  t h e  leng thened  b o n d  d is ta n c e  (2.78 Â, in s tead  
o f  1 .54  Â  o f the  norm al b o n d ) a n d  also because th e  3d  o rb ita l o f silicon an d  
th e  2p u  o rb ita l of carbon  m a k e  a n  angle, an d  th e  ro ta t io n  o f th e  silicon a to m  
a ro u n d  th e  axis reduces th e  p o s s ib il i ty  of fav o u rab le  o v e rlap p in g s  (to  0.1283 /3) 
c o m p a re d  w ith  th e  case o f  a  s im p le  carbon-silicon  b o n d  (0.3374 ß).  T he t r i 
c e n tr ic  m a tr ix  is as follow s:

A c ta  C him . Acad. Sei. Hung. 63, 1970
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0.1283 ß 
x  —  e
1.0324 ß

0
1.0324 ß
% —  e

=  0

I f  th e  c o n ju g a ted  system  is b ro u g h t a b o u t b y  h y p e rc o n ju g a tio n  a n d  long 
b o n d  (F ig. 1/c), a five-cen tre  sy s te m  is o b ta in e d  as in  th e  f irs t  case. T h e  on ly  
d ifference a p p e a rs  in  th e  v a lu e  o f  th e  resonance  in teg ra l b e tw een  th e  silicon 
a to m  an d  th e  C-4 a to m , w hich, in s te a d  o f zero , h as  now  th e  v a lu e  co rre sp o n d 
in g  to  th e  long  b o n d , i.e. H 14 =  H 41 =  0.1283 ß.

S olu tion  o f  th e  secular e q u a tio n s  gives in  a ll th ree  cases th e  energ ies o f  
th e  m o lecu lar o rb ita ls .

H y p e rc o n ju g a tio n L ong b o n d H y p e rc o n ju g a tio n  
-f- long bon d

e, =  a  +  2.9686 ß e t =  a  +  1.0353 ß et =  a  +  2.9717 ß

f 2 =  a  +  0.9750 ß £„ =  a  -  1.0221 ß es =  a +  0.9755 ß
e3 =  a  —  1.0138 ß e3 = a  — 1.8284 ß e3 =  a 1.0019 ß

et  =  a  —  1.7961 ß e4 = a  1.8174 ß

e5 =  a  3.4489 ß es =  a 3.4432 ß

d m =  1.9888 ß A m  =  2.0574 ß Am 1.9774 ß

T he A m  v a lu es  s tan d  fo r th e  tr a n s it io n  energies in  ß  u n its , b e tw e e n  th e  
h ig h e s t occup ied  an d  th e  low est u n o ccu p ied  m olecu lar o rb ita l.

S im ilar ca lcu la tions m a y  a lso  be ca rried  o u t fo r com p o u n d  II. I n  th is  
case, to o , a ssu m in g  a h y p e rc o n ju g a tio n a l effect a fiv e-cen tre , in  th e  case o f  
long  b o n d  tr ic e n tr ic , and  in  th e  s im u ltan eo u s  presence of h y p e rc o n ju g a tio n  
a n d  long b o n d  ag a in  a fiv e -cen tre  я -sy stem  is fo rm ed . In  F ig . 4 /a , 4 /b  a n d  4/c 
th e  a to m s w h ich  do n o t ta k e  p a r t  in  th e  я -system  are  m ark ed  w ith  d o tte d  
lines. T here  a re  tw o  m ain  d ifferences be tw een  th e  assum ed я -sy s tem s o f m o 
lecu le  I an d  m olecule  II: in  I h y p e rc o n ju g a tio n  is caused  b y  th e  C H 2 g roup , 
w hereas in  II b y  th e  CH g ro u p ; second ly , in  II overlap p in g  g iv ing  rise  to  th e  
lo n g  bo n d  (b e tw een  th e  d o rb ita l  o f  silicon an d  th e  p n  o rb ita l o f  th e  ca rb o n  
a to m  in ß  p osition ) has tw ice as g re a t  p ro b a b ility  th a n  in  th e  case o f  I because  
o f  th e  fix ed  C2— C4 axis. T hese d isc rep an c ies  are  m an ifest in  th e  chan g es o f  
tw o  resonance  in teg ra ls : in  th e  f i r s t  an d  th ird  sy s tem  a cco u n tin g  fo r h y p e r 
c o n ju g a tio n  H 23 =  H 32 =  2 .16 ß , w ide th e  resonance  in teg ra l o f  th e  long 
b o n d  is 0.2566 ß  (from  th e  n u m b e rin g n  F ig . 4/b H j ,  =  H 21, in F ig . 4/c H 14 =  
=  H 41).

S o lu tio n  o f  th e  co rrespond ing  secu la r eq u a tio n s  leads also in  th is  case 
to  th e  en e rg y  levels o f th e  m o lecu la r o rb ita ls  an d  to  th e  tra n s it io n s :

Acta Chim. Acad. Sei, H ung, 63, 1970
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H y p e rc o n ju g a tio n L ong b o n d H y p erco n ju g a tio n  
-f- long  bon d

=  a  - f  2.1634 ß el =  a +  1.0440 ß et =  a  +  2.1762 ß

e. =  a +  0.9096 ß £j =  a — 0.9933 ß £2 =  a +  0.9107 ß
e3 =  a  — 0.9946 ß e3 =  a — 1.8659 ß £3 =  a  — 0.9530 ß

f4 =  a  — 1.7690 ß st =  a. — 1.8520 ß

e3 =  a  — 2.6248 ß £5 =  a  — 2.5967 ß
Am =  1.9042 ß Am =  2.0373 ß Am  =  1.8677 ß

Fig. 4. Assum ed conjugated  л -system s in l-trim eth ylsily lcyclopentene-2

S ta r tin g  w ith  s im ila r  p a ram e te rs , we o b ta in  th e  follow ing sim ple m a tr ix  
for th e  n — 7i*  tra n s i t io n  in  e thy lene:

a  —  e 1.0324 1 _
1.0324 ß  a  — £

fro m  w hich  Am =  2 .0648  ß. The position  o f  th e  correspond ing  u ltra v io le t 
m a x im u m  is a t  165 n m . T h e  ca lcu la ted  Zlm tra n s i t io n s  of com pounds I  an d  II  
a re  sm alle r for all th r e e  a ssu m ed  co n ju g a ted  sy s tem s  th a n  th e  A m  v a lu e  of 
e th y le n e . The tr ic e n tr ic  sy s te m  w ith  long b o n d  b u t  w ith o u t h y p e rco n ju g a tio n  
show s o n ly  a sligh t d ec rea se  in  tra n s itio n  e n e rg y  (considerab ly  sm alle r th a n  
m ig h t b e  expected  fro m  th e  u ltra v io le t sp e c tru m ). F o r  b o th  th e  f ir s t  an d  th ird  
a s su m e d  s tru c tu re s  a co n sid e rab le  drop in  th e  v a lu e  of A m  was fo u n d , a n d  in 
ac c o rd a n ce  w ith sp e c tra l  d a ta  th e  A m  tra n s i t io n  fo r  com pound  I  is h ig h er th a n  
fo r co m p o u n d  II . To d ec id e  w hich of these  is th e  a c tu a l s tru c tu re , th e  A m  tra n -
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s itio n  va lu e  fo r th e  tr ic e n tr ic  co n ju g a ted  sy s te m  o f tr im e th y lv in y ls ila n e  was 
ca lcu la ted . T he sy s tem  h as th e  follow ing e ig en en erg y  m atrix :

ж —  1.8152 ß  —  e  

0.3374 /3 
0

0.3374 ß 
ос —  e
1.0324 ß

0
1.0324/3
Ж -----  £

T he eigenenergies o f th e  th re e  m o lecu la r o rb ita ls  are:

El =  X +  1.0524 /3; e 2 =  ж —  0.9675 /3; £3 =  ж —  1.9001 ß .

T he va lu e  of th e  A m  tra n s it io n  is: 2.0199 /3.
A ccording to  K a ra p e ty a n c ’s c o m p a ra tiv e  th eo rem , a lin e a r  co rre la 

tio n  sh o u ld  be o b ta in e d  w hen th e  w av e len g th s  o f th e  u ltra v io le t m a x im a  of 
s im ila r com pounds are  p lo tte d  vs. th e  A m  tra n s it io n . T ab le  I I I  show s th e  
frequenc ies o f th e  a b so rp tio n  m axim a o f e th y le n e , tr im e th y lv in y ls ila n e  and  
tr im e th y la lly ls ila n e , a n d  th e  ca lcu la ted  A m  v a lu e s . (F o r th e  la s t c o m p o u n d  th e  
A m  va lues of all th re e  v a ria tio n s  are  g iven.) I n  F ig . 5 th e  re la te d  p o in ts  are 
p lo tte d . I f  we assum e h y p e rco n ju g a tio n  a n d  long  b o n d  for tr im e th y la lly ls i
lane , th e  th re e  p o in ts  w ill lie on a p e rfec tly  s tr a ig h t  line, i.e. th e  l in e a r  co rre
la tio n  rea lly  ex is ts , w h ereas  if  th e  exclusive p resen ce  o f th e  h y p e rc o n ju g a tio n  
effect (po in t su rro u n d e d  b y  a circle) o r lo n g  b o n d  (po in t su rro u n d e d  b y  a 
sq u are ) is assum ed , th e  p o in t co rrespond ing  to  tr im e th y la lly ls ila n e  lies fa r 
from  th e  s tra ig h t line. T h e  p o in t co rresp o n d in g  to  com pound I I  c a n n o t he 
in c lu d ed  in  th e  d iag ram , since th e  e x p e rim e n ta l d a ta  on its  u ltra v io le t  a b so rp 
tio n  m ax im u m  is lack in g .

Tabic I I I

A b s o r p t i o n  m a x i m a  a n d  t r a n s i t i o n  e n e r g i e s  o f  e t h y l e n e , t r i m e t h y l v i n y l s i l a n e  a n d  t r i m e t h y l a l l y l 
s i l a n e

A (nm ) y* (cm -1 ) Am

CH2CH, 165 60610 2.0648 ß
(CH3)3SiC H C H 2 178 56180 2.0199 ß

(CH3)3SiCH,CHCH2 192 52080 1.9888 ß
(H ypercon jugation ) 

2.0574/3 

(long bond) 

1.9774/3

(hyperconjugation  

and  long bond)
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S ta r t in g  w ith  th e  a ssu m p tio n  th a t  th e  c o n ju g a te d  system  o f tr im e th y l-  
a lly ls ila n e  m a y  be described  w ith  th e  g re a te s t p ro b a b ili ty  b y  th e  s im u ltan eo u s  
p re se n c e  o f  a h y p e rc o n ju g a tio n  effect an d  a lo n g  b o n d , th e  sy s tem  o f lin ea r

)• (cm) ~1

F i g .  5 .  C o rre la tio n  betw een  th e  w a v e  n u m b ers of th e  a b so rp tio n  m ax im a an d  th e  tra n s it io n
energies

c o e ffic ien ts  was ca lcu la ted  fro m  th e  a p p ro p r ia te  e igenenergy m a tr ix  a n d  th e  
e ig e n v a lu e s . F o r th e  cyclic com p o u n d  c o n ta in in g  a double b o n d  in  ally lic  
p o s it io n  to  th e  silicon a to m  (d en o ted  b y  I I  in  o u r calcu lations), a s t ru c tu re

Fig. 6. я -c h arg e  d is tr ib u tio n  in a )  tr im e th y la lly ls ila n e ; h) l- trim e th y ls iIy lcy cIo p en ten e -2

0.9798 0.050»

0.9560

H 2 II
a h

F ig. 7. л -bond  system s i. a) tr im e th y la lly ls ila n e ; b) l- trim e th y ls ily lc y c lo p en te n e-2

c o rre sp o n d in g  to  th e  th ird  v a r ia tio n  m ay  s im ila rly  be  assum ed, an d  th e  lin ea r  
c o e ffic ien t sy stem  c h a ra c te ris tic  of th e  m olecule m a y  be calcu la ted . B y  m eans 
of th e  l in e a r  coefficients th e  jr-charge d is tr ib u tio n  in  th e  m olecules can  also 
be d e te rm in e d . I t  appears fro m  F ig . 6 th a t  th e  silicon  a to m  has a sm all p a r tia l  
n e g a tiv e  ch a rg e , th e  carb o n  a to m  in  ^ -position  to  i t  is p a rtia lly  p o sitiv e , w hile
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th e  y-carbon  a to m  is p a r tia lly  n eg a tiv e . T h is re su lt  is in  good ag reem en t w ith  
th e  th eo ry  of th e  decom position  m echan ism  o f a lly lsilanes [11], acco rd in g  to  
w hich during  ac id  decom position  th e  y -ca rb o n  a to m  f irs t  tak es  u p  a p ro to n  
a n d  th e  acid an io n  is th e n  ad d ed  to  th e  /З-ca rb o n  a to m  o f th e  c a tio n  th u s  
fo rm ed .

I f  th e  lin e a r  coeffic ien ts are k n o w n , th e  я -b o n d  orders of th e  b o n d s  in  
th e  я -system s m a y  be  ca lcu la ted . A ccord ing  to  F ig . 7, in  m olecule I  th e  я -char- 
a c te r  of th e  b o n d  b e tw een  th e  ca rb o n  a to m  o f th e  m ethy lene  g roup  a n d  th e  
silicon a to m  is a b o u t 8 % , while th e  я -bond  o rd e r o f  th e  long b o n d  is s ig n if i
c a n tly  lower (5 % ). T h e  double b o n d  c h a ra c te r  o f  th e  b o n d  connec ting  C-4 a n d

Я H
а Ь

Fig. 8. Total charge distribution in a) trimethylallylsilane; b) l-trimethylsilylcyclopentene-2

C-5 decreases o n ly  s lig h tly  w hen  th e  silicon a to m  is in tro d u ced  in to  th e  co n 
ju g a te d  system . In  m olecule I I , th e  o rd er o f th e  b o n d  be tw een  th e  silicon  an d  
th e  C-2 a tom  (in  oe-position), as w ell as th e  я -b o n d  o rd e r o f th e  long  b o n d  is 
g re a te r  th a n  in  com p o u n d  I, w hile th e  я -b o n d  o rd e r o f th e  doub le  b o n d  in 
th e  ring  has a so m ew h at low er v a lue .

The to ta l  ch a rg e  o f th e  v a rio u s  a to m s  can  be  d e te rm in ed  fro m  th e  
cr-cliarge d is tr ib u tio n  show n in  F ig . 3 a n d  th e  я -charge  d is tr ib u tio n  g iv en  in 
F ig . 6. The co m b in ed  a, я -m olecular d iag ram s a re  show n in  F ig . 8. F ro m  th e  
re su lts  o f th e  ca lcu la tio n s re ferring  to  th e  a  a n d  я -e lec tron  system s th e  a p p ro x 
im a te  <5-, я - a n d  re s u lta n t  (а, я ) d ipole m o m en ts  o f tr im e th y la lly ls ila n e  w ere 
ca lcu la ted  an d  th e  la s t  was com pared  w ith  th e  ex p e rim en ta l d a ta  re p o r te d  in  
th e  lite ra tu re . C a lcu la tio n  of th e  a  d ipole m o m e n t s ta r te d  from  th e  b o n d  d i
pole m om ents m A_ B g iven  in  T ab le  I I  (th e  n u m b e rin g  o f th e  atom s is il lu s tra te d  
in  F ig . 2). T h e  th re e  m e th y l g roups b o u n d  to  th e  silicon a to m  a n d  m ak in g  
te tra h e d ra l b o n d  angles w ith  one a n o th e r  m a y  v ec to ria lly  be rep laced  b y  a 
single m e th y l g ro u p  ly ing  on th e  sam e s t r a ig h t  line as th e  Si— C3 b o n d , an d  
sim ilarly , th e  b o n d  v ec to rs  p o in tin g  from  th e  th re e  h y d ro g en  a to m s o f th e  m e
th y l group in  th e  d irec tio n  of th e  ca rb o n  a to m  m a y  also be rep laced  b y  a single 
mct_H bond m o m en t v ec to r ly ing  on th e  s tr a ig h t  line of th e  Si— C3 b o n d . T he
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ro ta t io n  o f  th e  silicon a to m  a ro u n d  th e  Si— C3 axis m ay  he n eg lec ted , since 
th e  th r e e  m e th y l g roups are  sy m m e tric a lly  a rran g ed . T he v e c to ria l r e s u lta n t  
o f  th e  m c i - H i :  m c > - S i  an d  /nca—S ibond m o m en ts  ly in g  on a s tra ig h t line  w as d e 
n o te d  b y  th e  sym bol M . T h e  v e c to ria l r e s u l ta n t  (group m o m en t v ec to r) of 
th e  tw o  b o n d  m om ents m ci_H ia n d o f  th e  b o n d  m om en ts  m c2_ c i andm cs_  H2can 
also  b e  c a lc u la ted ; th is  is d e n o te d  b y  th e  sy m b o l m e. F ig . 9 show s th e  sim plified  
v e c to r  m o d e l o b ta in ed  a f te r  th e se  sum m in g  u p  o p era tions (m 0 is th e  sy m bo l 
o f  th e  b o n d  m o m en t v ec to r  т с г_ с з  a n d  th e  sy m b o l o f тсз_ н з). T h e  m e v e c to r  
ro ta te s  f re e ly  a ro u n d  th e  C2— C3 ro ta t io n  ax is . T h e  average  m o m en t g iv en  b y

m e a n d  m 0, as well as th e  m o m en ts  m 3 ro ta te  free ly  a ro u n d  th e  C3— Si ro ta t io n  
ax is (ly in g  in  th e  d irection  of th e  v ec to r) , a ssu m in g  th e  absence o f a n y  ro ta tio n  
h in d ra n c e . T h e  re su lta n t av e rag e  er-dipole m o m e n t was ca lcu la ted  b y  th e  
m e th o d  k n o w n  from  th e  l i te ra tu re , u sin g  th e  follow ing expression  [12, 13]:

pC =  M 2 -f- 2m3 -f- +  2 (M m 0 cos 0  -f- Mme cos 0

cos cp -j- 2 Mm3 cos 0  +  m 3 cos 0  —  2 тп3т 0 cos 0  —

—  2 m3me cos 0  cos ç> -f- mgme cos cp).

In  th is  fo rm u la  0  is th e  te t r a h e d ra l  b o n d  ang le  a n d  <p th e  angle b e tw e e n  th e  
p re c e ss in g  g roup  m om ents a n d  th e  C2— C3 ro ta t io n  axis.

F o r  th e  ca lcu la tion  of th e  jr-d ipole m o m en ts  th e  v alue  an d  d ire c tio n  of 
th e  b o n d  m o m en ts  h ad  to  he d e te rm in e d  from  th e  jr-cliarge d is tr ib u tio n  show n  
in  F ig . 6. T h e  add ing  u p  o f th e  b o n d  m o m en ts  in v o lved  a sim ilar p ro b lem  as 
a lre a d y  d iscu ssed  in  con n ec tio n  w ith  th e  cr-dipole m o m en t, w ith  th e  s im p li
f ic a tio n  t h a t  th e  group m o m en ts  M  a n d  me a re  fo rm ed  only  b y  th e  b o n d  m o 
m e n ts  b e tw e e n  th e  a tom s w hich  f ig u re  in  th e  ca lcu la tio n  of th e  тг-sy stem .
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C alcu la tion  o f  th e  re s u lta n t (cr, л )  d ipo le  m o m e n t from  th e  to ta l  c h a rg e  
d is tr ib u tio n  o f th e  m olecule (F ig . 8) w as m ad e  in  th e  sam e w ay  as th e  c a lc u 
la tio n  o f th e  а -m o m e n t. T he fo llow ing d ipo le  m o m en ts  w ere o b ta in ed :

цд  =  0.253 D 
fin  =  0.293 D 
fiô ,n  =  0.448 D

I f  th e  r e s u l ta n t  (cr, n) d ipo le m o m en t is k n o w n , th e  angle b e tw een  th e  
a  a n d  n  dipole m o m e n t vecto rs m a y  be c a lc u la ted  b y  m eans of th e  cosine th e o 
rem , an d  i t  is 70°.

T he e x p e rim e n ta lly  d e te rm in ed  re s u l ta n t  d ipole m om en t of tr im e th y l-  
a lly lsilane  is 0.58 D  [14] in  good ag reem en t w ith  th e  ca lcu la ted  v a lu e , p ro v in g  
( to g e th e r w ith  o th e r  ex p e rim en ta l re su lts) t h a t  th e  ca lcu la tions p re sen t a t r u e  
p ic tu re  of th e  s t ru c tu re  of th e  m olecules in v e s tig a te d .
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Infrared and NMR spectra o f [(CH?) 2N ],S , [(CH3)2N ]2SO, [(CH 3) 2N ]2SO , and 
(CH 3)2N S 0 2C1 have been recorded. In the infrared spectra, the S— N  bond frequency 
was found to be higher and the C— N  sym m etric stretching frequency lower than ex
pected. On the basis o f the spectra, for the p — d  bond strength  the follow ing order can 
he given:

[(CH 3) 2N ] 2SO <  [(C H 3)2N ]2S 0 2 <  (CII3) 2N S 0 2CI

Neither the IR  nor the NMR spectra of [(CH3)2N ]2S f it  into the order expected  for the 
spectral data o f the com pounds investigated .

Introduction

T h e s tre tc h in g  freq u en cy  o f  S— N b o n d  m ay  v a ry  w ith in  v e ry  w ide li
m its : from  620 to  1690 c m -1 [1]. T h is  can  be  ex p la in ed  p a r t ly  b y  th e  possible 
fo rm a tio n  of a d n  —  p n  bo n d  b e tw een  th e  lone e lec tro n  p a ir  o f  N an d  the  
e m p ty  d  o rb ita ls o f  th e  S a to m  [2].

T h e  p rim a ry  o b jec t o f o u r in v es tig a tio n s  w as to  s tu d y  th e  S— N bonds 
o f  th e  com pounds lis ted  above.

O u t of th e  com pounds in v e s tig a te d , th e  in fra red  sp ec tru m  of 
(C H 3) 2N S 0 2C1 is re p o rte d  in  th e  l i te ra tu re  [3 ,4 ] . I n  o u r in v e s tig a tio n s , the  
sp e c tru m  of th is  com pound  h as  b een  reco rded  fo r a b ro a d e r reg ion  of w ave 
n u m b e r, th a n  p u b lish e d  in l i te ra tu re , an d  th e  sp ec tru m  is d iscussed  in  the 
know ledge of th e  sp e c tra  of th e  o th e r  analogue com pounds.

Preparation of the compounds

S u lfin y ld im eth y lam id e  an d  tliio d im e tliy ld iam id e  w ere p re p a re d  as de
sc rib ed  in  th e  p u b lica tio n s  [5] a n d  [6, 7], re sp ec tiv e ly , in v o lv in g  th e  follow 
ing reac tions:

4(C H 3).2N H  +  SOCl2^  [(C H 3) 2N ]2SO +  2(C H 3) 2N H .H C 1 

4(C H 3) 2N H  +  SC12 - Z ?  [(C H 3) 2N ]2S +  2(C H 3) 2N H .H C1.
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T h e  b o ilin g  po in ts of th e  co m p o u n d s  were th e  sam e as re p o r te d  in  th e  l i te ra 
tu r e .  M e ltin g  poin ts o f th e  p ro d u c ts  w ere 31°C an d  20°C, re sp ec tiv e ly . To ob
ta in  a b e t t e r  yield an d  to  e lim in a te  side reactions re su ltin g  in  th e  fo rm a tio n  
o f d i- a n d  tr ith io d im e th y ld ia m id e  d e riv a tiv es , th e  co m p o u n d s w ere p rep a red  
a t  — 78°C  in s tead  of 0°C, re c o m m e n d e d  in  l i te ra tu re , a n d  on  th e  o th e r  h a n d , 
th e  s y s te m  w as allowed slow ly  to  a t ta in ,  in  18— 24 h o u rs , room  te m p e ra tu re  
a f te r  t h e  te rm in a tio n  o f th e  re a c tio n . To m eet th e  re q u ire m e n ts  fo r p u r ity  
n e c e s sa ry  in  our in v e s tig a tio n s , th e  p ro d u c ts  w ere su b je c te d  to  v a cu u m  su b 
l im a tio n .

D im e th y lam id o su lfo n y l c h lo rid e  has been  p re p a re d  b y  d iffe ren t w ays
[ 8 ,9 ] :

(C H 3) 2NH.HC1 +  S 0 2C12 —̂  (C H 3) 2N S 0 2C1 +  2 HC1 

2(C H 3) 2N H  +  S 0 2C12 (CH 3) 2N S 0 2C1 +  (C H 3) 2NH.HC1

P h y s ic a l co n stan ts  w ere th e  sa m e  as th o se  g iven in  th e  l i te ra tu re , an d  v acu u m  
d is t i l la t io n  y ielded a p ro d u c t  o f  sa tis fa c to ry  p u r ity .

S u lfo n y ld im e th y ld iam id e  w as p rep a red  acco rd in g  to  th e  fo llow ing reac 
tio n s  [8 ]:

2(C H 3)2N S 0 2C1 +  Z n ^ >  [(CH3) 2N ]2S 0 2 +  Z nC l2 +  s o 2 

(C H 3) 2N S 0 2C1 +  2(C H 3) 2N H ^  [(CH 3) 2N ]2S 0 2 +  (C H 3) 2NH .H C1

T h e  l a t t e r  reac tio n  p roceeds a t  a considerab ly  h ig h e r  r a te ,  an d  h ig h e r y ields 
w ere  o b ta in e d . A fter re c ry s ta ll iz a tio n  from  e th y l a lcoho l, th e  end  p ro d u c t w as 
p u r if ie d  b y  vacuum  su b lim a tio n .

T h e  p u r ity  of th e  co m p o u n d s  w as checked b y  gas c h ro m a to g ra p h y .

Infrared spectrum of the compounds

In f ra re d  spectra  w ere  reco rd ed  w ith  a P e rk in — E lm er M odel 225 
in s t ru m e n t ,  in  case o f [(C H 3) 21N]2S 0 2 on a so lu tio n  o f th e  com pound  in 
c a rb o n  te tra c h lo rid e  an d  d io x a n e , respective ly , w hile  in  th o se  o f th e  o th e r 
c o m p o u n d s  on a liqu id  film .

S p e c tra  of th e  c o m p o u n d s  exam ined  are show n  in  F ig . 1, in  th e  w ave 
n u m b e r  reg ion  from  200 to  1500 c m -1 . Owing to  sev e ra l id en tica l b o nds and  
g ro u p s  invo lved , th e  sp e c tra  sh o w  m a n y  sim ilar c h a ra c te r is tic s . T h u s , a s tro n g  
a b s o rp tio n  can  be observed  n e a r  th e  w ave n u m b ers  650 c m -1  an d  950 c m " 1. 
T h ese  b a n d s  correspond to  th e  C— N  and  S— N  s tre tc h in g  frequencies , respec
t iv e ly . A n  assignm ent is m a d e  d ifficu lt b y  th e  fa c t t h a t  th e  w ave n u m b e r o f
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th e  v ib ra tio n  observed  a t  650 c m -1  is to o  low  to  be  considered  as th e  sy m m e
tr ic  s tre tc h in g  freq u en cy  o f  e ith e r  th e  S— N  or th e  C— N bo n d s. T h e  sy m m etric  
s tre tc h in g  frequency  o f C— N  bon d s m ay  also v a ry  w ith in  w ide lim its . W ith  
d im e th y lam in e , th is  v ib ra tio n  ap p ears  a t  928 c m -1  [10]. I t  can  b e  observed  
t h a t  psCN dim inishes, w hen  e lec tro n  a t tra c t in g  groups are  lin k ed  to  th e  tr i-

5* Acta Chim. Acad. Sei. H ung. 63, 1970-



420 T Ö R Ö K  e t al.: IR  AND NMR SPECTRA

m e th y la m in e  group. T h u s , fo r  (C H 3)3N S 0 3 a v a lu e  o f  799 c m -1 was found  
[11], w hile  for (CH 3)3N O  a v a lu e  of 757 c m -1  [12]. W hen  th e  lone e lec tron  
p a ir  o f  N  p a rtic ip a tes  to  a considerab le  degree in  th e  fo rm a tio n  o f th e  b o n d , 
as fo r  exam ple  in th e  case o f  (C H 3)3N B H 3, th e  f re q u e n c y  m a y  d im in ish  to  a 
w av e  n u m b e r of 667 c m “ 1 [11 ]. H ow ever, i t  seem s im p ro b ab le  th a t  th e  lone 
e le c tro n  p a ir of N h as  a ro le  o f  th is  im portance  in  th e  fo rm a tio n  o f th e  bonds in  
th e  com pounds in v e s tig a te d  b y  us.

As has been p o in te d  o u t  a lre a d y  in th e  in tro d u c to ry  p a r t ,  also th e  s tre tc h 
in g  fre q u e n c y  of S— N  m a y  v a r y  w ith in  w ide lim its . T h e  h ig h e r th e  e lec tron  
a t t r a c t in g  effect of th e  g ro u p s  a t ta c h e d  to  S is , th e  m o re  p ro n o u n ced  will be  th e  
d o u b le  b o n d  ch arac te r, a n d  th e  h ig h e r th e  freq u en cy  o f  th e  S— N  b o n d  [13]. 
N a tu ra l ly ,  th e  double b o n d  c h a ra c te r  is reflec ted  a lso  b y  th e  len g th  of th e  S— N  
b o n d . B ased  on know n  S— N  s tre tc h in g  frequencies an d  eq u ilib riu m  d istances 
o f  se v e ra l com pounds, B a n i s t e r ,  M o o r e  an d  P a d l e y  give an  em pirica l re la 
t io n s h ip  betw een th e  tw o  v a lu e s  [1]. O ut of th e  co m p o u n d s in v e s tig a te d , th e  
e le c tro n  configuration , d e te rm in e d  b y  X -ra y  d iffra c tio n , h as  b een  pub lished  
fo r (C H 3) 2N S 0 2C1 an d  fo r [(C H 3) 2N ]2SO [14, 15]. T he len g th  o f th e  S— N 
b o n d  w as found to  be  in  th e s e  com pounds 1.69 Â. S im ila rly , a len g th  o f 1.69 Â 
w as fo u n d  for th e  d is ta n c e  o f  th e  S— N b o n d  in  [(C H 3) 2N ] 2S [17]. In  case 
o f  so lid  [(CH3)2N ]2S 0 2, X - ra y  d iffrac tion  y ie lded  fo r  th is  d is tan ce  1.623 A [16]. 
T h e  d is tan ce  of th e  S— N  b o n d , determ ined  b y  e le c tro n  d iffrac tio n  on th e  sam e 
c o m p o u n d  in  th e  gaseous s ta te  is g reater, h a v in g  a v a lu e  o f 1.65 Â  [17]. A n 
a p p lic a tio n  of th e  em p irica l re la tionsh ip  b e tw e e n  th e  b o n d  len g th  an d  th e  
s tre tc h in g  frequency  o f th e  b o n d , m entioned  ab o v e  [1], 1.70 A correspond  to  
803 cm  1, and 1.62 A to  926 cm  h  In  view  o f th is ,  th e  s tre tc h in g  freq u en cy  
o f  w a v e  num ber 950 c m “ 1, d e te rm in ed  in  so lu tio n  o r in  liq u id  phase , ap p ears  
to  b e  to o  high. A ccord ing  to  o u r ap p ro x im a te  ca lcu la tio n s , a d ev ia tio n  of 
th is  m ag n itu d e  of th e  tw o  freq u en c ies  from  th e  u s u a l va lu es  c a n n o t be ex p la in 
ed  b y  a m echanical c o u p lin g  o f  th e  v ib ra tio n s.

N o tw ith s ta n d in g  th is ,  in  T ab le  I  th e  v ib ra t io n  o f h ig h er w ave n u m b er has 
b e e n  assigned to  th e  S— N  sy m m e tric  v ib ra tio n , a n d  th a t  o f low er w ave n u m 
b e r  to  th e  C— N b o n d . M 0 L L E N D A L ,  G r u n d n e s  a n d  K l a b o e  proceeded  in  
th e  sam e w ay in  case o f  (C H 3) 2N SO (CH 3) a n d  (C H 3) 2N S 0 2(C H 3): th ese  
h a v in g  stru c tu res  s im ila r  to  o u r molecules [18]. I t  sh o u ld  be m en tio n ed  in  
c o n n e c tio n  w ith  th e  C— N  b o n d  frequencies t h a t ,  on  th e  one h a n d , th e  fre 
q u e n c y  n ear th e  w ave n u m b e r  1050 cm “ 1 has b e e n  assigned  to  th e  asy m m etric  
s tre tc h in g  frequency  a n d , o n  th e  o ther h a n d , t h a t  th e  sp ec tru m  o f th e  
[(C H 3) 2N ]2S 0 2 m olecule  is d iffe ren t from  th o se  o f  th e  o th e r  m olecules, as it  
e x h ib its  besides th e  674 c m “ 1 b a n d  also an  a b so rp tio n  b a n d  a t  758 c m “ 1.

T h e  frequencies o f  th e  S 0 2 an d  SO groups a re  also sh ifted  to w ard s h ig h er 
w a v e  n um bers, w hen  e le c tro n  a ttra c tin g  g roups are  a tta c h e d  to  S [20, 25]. 
S — О stre tch in g  freq u en c ies  m easu red  b y  us are  low er th a n  th o se  m easu red
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fo r th e  S 0 2F 2 m olecule (1502, 1269) or for th e  S 0 2C12 m olecule (1414 , 1182), 
b u t  are  h ig h er th a n  th e  co rresp o n d in g  freq u en c ies  o f (CH3)2N S 0 2C H 3 (1328, 
1150) [18]. T he S— О stre tch in g  freq u en c ies  show  a sim ilar c h an g e  in  case 
o f  th e  S O F 2, S0C 12, [(C H 3) 2N ]2S 0  an d  (C H 3) 2N S O C H 3 m olecules, w ith  values 
o f  1308 c m “ 1, 1229 c m “ 1, 1125 c m -1  and  1070 c m “ 1, re sp ec tiv e ly .

Table 1

A ssignm ent o f  some stretching vibrations

[(CH,),N]aS [(CH,),N]2SO [(CHs)2N]2S02 (CH3)2S0,CI

•>«S-N 9 4 0 9 0 9 9 4 5 9 5 5

vasS—N 9 6 4 9 3 0 9 7 0

rsC—N 6 8 3 6 4 6 ,  6 5 3 6 7 4 ,  7 5 8 7 1 3

»’asC- ]N 1 0 3 2 1 0 5 0 105 1 1 0 5 3

IP 1 о — 1 1 2 5 1 1 5 0 1 1 8 2

>’asS—0 — — 1 3 3 5 1 3 9 5

N eith e r is th e  assignm en t o f  d e fo rm a tio n  v ib ra tio n s free o f  p ro b lem s. 
T h e  sp ec tru m  of each  com pound  c o n ta in in g  a n  N — S— N group e x h ib ite d  an  
a b so rp tio n  b a n d  n e a r  440 c m -1 . I n  v iew  o f th e  re la tiv e ly  g rea t m ass  o f  th e  
a to m ic  nuclei, th is  freq u en cy  seem s to  he  to o  h ig h . The d e fo rm atio n  v ib ra tio n  
o f th e  C— N — C ang le  appears a t  340 c m -1 , s im ila rly  as in  th e  case o f com 
p o u n d s  co n ta in in g  o th e r  d im e th y lam in e  g ro u p s . A bsorp tion  h a n d s  o bserved  
in  th e  sp ec tru m  o f [(C H 3) 2N ]2S 0 2 a t  522 c m “ 1 a n d  530 c m -1 , a n d  in  th e  spec
t ru m  o f (C H 3) 2N S 0 2C1 a t  572 c m -1  can  be  asc rib ed  to  th e  d e fo rm a tio n  v i
b ra t io n  of th e  S 0 2 g roup . In  th e  case o f  th e  l a t te r  com pound , th e  h a n d  e x h ib ite d  
a t  498 c m -1 is assigned  to  th e  s tre tc h in g  f re q u e n c y  of th e  S— Cl b o n d .

T h e  sy m m etric  s tre tch in g  freq u en c ies  o f  th e  C— H  bond a re  a lso  in d ic a 
tiv e  o f th e  p a r tic ip a tio n  of th e  lone  e lec tro n  p a ir  of th e  d im e th y la m in e  g roup  
in  th e  fo rm atio n  o f th e  bond  [21]. I f  th e  lone  e lec tro n  p a ir o f N  p a r t ic ip a te s  
in  th e  bond , th e  freq u en cy  of th e  C— H  b o n d  sh ifts  tow ards h ig h e r  v a lu es . 
F o r  th e  com pounds in v estig a ted  b y  us, 4 — 5 overlapp ing  h an d s  w ere  found  
in  th e  w ave n u m b e r reg ion  co rresp o n d in g  to  th e  s tre tch in g  o f th e  C— H  b o n d . 
All th e se  h an d s  are sh ifted  in th e  in v e s tig a te d  co m pounds in  th e  fo llow ing  o rd e r:

[(CH 3) 2N ]2SO <  [(CH3)2N ] 2S <  [(C H 3) 2N ] 2S 0 2 <  (C H 3) 2N S 0 2C1.

C oncerning th e  d ev e lopm en t o f  p n —  d4 b o n d , a s tu d y  of th e  in fra red  
sp e c tra  y ielded  in  genera l th e  e x p e c te d  p a t te r n :  th e  р л —  dn b o n d  is m ost 
p ro n o u n ced  in  th e  case of (CH 3) 2S 0 2C1 a n d  [(C H 3) 2N ]2S 0 2 m olecu les , and  
less d is tin c t in th e  case of [(CH 3) 2N ] 2SO, w hile  it  is som ew hat re m a rk a b le  
th a t  we found th e  [(C H 3) 2N ]2S m olecu le  to  fa ll be tw een  these tw o  e x tre m e  po-
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s itio n s . T h is is th e  m o re  re m a rk a b le , as th e  o rd e r  o f  s ta b ility  of th e  com plexes 
o f  th e  com pounds in v e s t ig a te d  form ed w ith  B F 3, w here B F 3 is a t ta c h e d  
th ro u g h  th e  lone e le c tro n  p a ir  of N, is as fo llow s [19]:

[(C H 3) 2N ] 2S >  [(CH3) 2N ]2SO >  [(C H 3) 2N ]2S 0 2.

T he N M R  spectra of th e  com pounds

N M R  sp ec tra  w ere  reco rd ed  w ith  a Zeiss M odel ZK R -60 a p p a ra tu s  a t  a 
fre q u e n c y  of 60 Me, in  CC14 solutions, w ith  TM S as in te rn a l s ta n d a rd . T he 
s p e c tru m  of all th e  fo u r  com pounds consisted  o f  a  single sharp  b a n d . T here  
w as n o  possib ility  to  u n d e r ta k e  m easu rem en ts  a t  low  te m p e ra tu re s . A lso in  
case  o f  com pounds o f  a ce rta in  s im ila rity , su c h  as N -m ethy lsu lfineam ides 
[22] a n d  S-yields [23], th e  tw o  m ethy l g ro u p s l in k e d  to  N (or to  S) w ere  re 
p re s e n te d  even a t  as lo w  te m p e ra tu re  as — 60°C b y  a  single signal. T h is p h e n o 
m en o n  can  be a t t r ib u te d  to  th e  fac t th a t ,  ow ing  to  th e  shape of th e  d  o rb ita ls , 
ev en  w h en  th e  р л —  dn b o n d  has form ed, n o  h in d e re d  ro ta tio n  is to  b e  ex p ec
te d  a b o u t  th e  S— N  b o n d .

I n  T ab le  I I ,  th e  v a lu e s  of th e  chem ical sh if ts  fo r  th e  com pounds in v e s ti
g a te d  b y  us are  given. F o r  com parison , d a ta  a v a ila b le  in  lite ra tu re  fo r  su lfides, 
su lfo x id es  an d  sulfons h a v e  been  sum m arized  in  T a b le  I I I  [24]. I t  w ill b e  n o 
tic e d  t h a t  in  case o f  th e s e  la t te r  com pounds th e  change in  ch em ica l sh if t 
p ro ceed s para lle l to  th e  e lec tro n  a ttra c tin g  e ffec t o f  th e  groups a t ta c h e d  to  S. 
I n  o u r  com pounds th is  ten d e n c y  is sh o w n  o n ly  a t  th e  SO, S 0 2 an d

Table II

Chem ical shifts in  r  u n its o f  the compounds investigated , measured in  CC14 at 60 M e

[(CH3)2N]2S [(CH3)2N]2SO [(CH3)2N ]2S 0 2 (CH3)2NS02CI

7.05 7.46 7.26 7.00

Table III

Chemical shifts in  т u n its o f  R — X —R ’ molecules m easured in  CC14 at 56.4 M e  [24]

x  =  s x  =  so X =  so .

R -  CH3, R ’ =  CH3 7.94 7.49 7.15

R  =  CH3, R ’ =  C,H 5 

(CH3 signal)

8.76 8.71 8.62
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S 0 2C1 d e riv a tiv e s , w hile th e  S d e r iv a tiv e  ex h ib its  a re m a rk a b ly  la rg e  sh ift. 
T h u s , n e ith e r  th e  I R  n o r th e  N M R  sp e c tru m  o f [(CH 3) 2N ]2S fits  in to  th e  ex 
p e c te d  o rd e r of th e  sp ec tra l d a ta  of th e  com pounds in v es tig a ted .
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INCLUSION COMPOUNDS OF DEOXYCHOLIC ACID 
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In clusion  com pounds have been prepared from  deoxycholic  acid, exam ined by  
tliin-layer chrom atographically and found to be free o f fa tty  acids (m .p. 174°C), using  
various arom atic so lvents (benzene and nine other liquid substitu ted  benzene deriva
tives) as the guest com ponents. The com positions o f the inclusion com plexes were de
term ined b y  U V  spectrophotom etry. I t  has been found that w ith  an increase in  th e  
am ount o f th e  guest com ponent during preparation , the host to guest molar ratio approa
ches 2 : 1 b u t it  never reaches that value, even  i f  a large excess o f  the arom atic com 
pound is used.

I f  tw o guest com ponents are em ployed sim ultaneously, m ixed inclusion com 
pounds are obtained . The host to guest m olar ratio depends on the ratio o f  the so lven ts  
applied, and on  the relative  stab ilities o f the particular inclusion com pounds. The term  
“ relative sta b ility ”  has been defined to characterize the affin ity, under identical condi
tions, o f  deoxych o lic  acid towards the tw o com peting guest com ponents. The stab ility  
o f the inclusion com pounds depends, inter a lia , on the m olecular size and dipole m o
m ent o f th e  guest com ponent.

T here  a re  c o n tra d ic to ry  d a ta  in  th e  l i te ra tu re  concern ing  th e  m e ltin g  
p o in t o f th e  lo n g -k n o w n  deoxycholic  ac id  (3a, 12a-d ihy d ro x y ch o lan ic  ac id , 
Fig. 1). F o r ex am p le , th e  m e ltin g  p o in t o f d eoxycho lic  acid  sam ples, o b ta in e d

Fig. 1. D eoxych olic  acid
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i n  d if fe re n t w ays, w as re p o r te d  to  be 173— 175°C b y  S i f f e r d  [1], 176— 177°C 
b y  W i e l a n d  [2] an d  R e i c h s t e i n  [3], 190°C b y  C h a r o n n a t  a n d  G a u t h i e r  

[4 ] , a n d  189°C b y  P a t t e r s o n  [5]. E x a m in a tio n  o f com ercially  a v a ila b le  A .R . 
a n d  p ss . g rade  deoxycholic ac id  sam ples in  th e  a u th o rs ’ la b o ra to ry  led  to  si
m i la r  re su lts .

I n  o rd e r to  c larify  th is  p ro b lem , th e  v a rio u s  p rocedures u sed  fo r  th e  p re 
p a r a t io n  o f deoxycholic ac id  [1, 5, 6, 7] w ere  rep ro d u ced  a n d  th e  o b ta in e d  sam 
p le s , as w ell as a n u m b er o f  co m m erc ia lly  av a ilab le  su b stan ces  su b je c te d  to  
th in - la y e r  ch ro m a to g rap h y . I t  w as fo u n d  t h a t  hom ogeneous, c h ro m a to g ra p h i-  
c a l ly  p u re  deoxycholic acid  m elts  a t  174°C, w hile  all sam ples o f h ig h e r  m e lt
in g  p o in t  con ta ined  f a t ty  ac id .

A s kn o w n  [7], d eo x y ch o lic  ac id  is o b ta in e d  from  bile b y  m ean s o f a 
c o m p le x  p u rifica tio n  p ro ced u re . T h e  g re a te s t  d ifficu lties are  e n c o u n te re d  in  
th e  re m o v a l of f a t ty  ac id s, w ith  w hich  deoxycho lic  acid  gives w ell-know n , 
s ta b le  inc lu sio n  com pounds [8]. S im ple re c ry s ta lliz a tio n  fails to  b e  e ffec tive  
in  s e p a ra t in g  th e  tw o  c o m p o n en ts . A ll p ro ced u re s  w hich  h a v e  successfu lly  
b e e n  a p p lie d  fo r th e  rem o v a l o f f a t ty  ac ids a re  b a sed  on th e  se lec tive  e x tra c 
t io n  o f  th e  f a t ty  acid  c o n te n t w ith  som e a ro m a tic  so lv en t (e.g ., b en zen e , x y 
len e ), w h e n  th e  a ro m atic  c o m p o n en t en te rs  th e  inc lusion  co m p o u n d  to  r e 
p la c e  th e  f a t ty  acid m olecule. T h is new , tra n s fo rm e d  deoxycholic  ac id  in c lu 
s io n  c o m p o u n d  can be  d ecom posed  m ore  er.sily.

R e p ro d u c in g  th e  describ ed  p ro ced u re s , i t  w as fo u n d  in  th e  a u th o rs ’ 
l a b o r a to r y  t h a t  xy lene is s ig n ifican tly  su p e rio r  to  benzene in  th e  se lec tiv e  
e x t r a c t io n  of fa t ty  acids, p re su m a b ly  b ecau se  o f th e  preference  w ith  w hich  
d e o x y c h o lic  acid form s an  in c lu sio n  c o m p o u n d  w ith  th e  fo rm er so lv en t.

A  su rv e y  of th e  l i te ra tu re  of deoxycho lic  ac id  inc lusion  co m p o u n d s gave , 
h o w e v e r , no  reference to  a n y  d ifference in  th e  fo rm a tio n  of v a rio u s  in c lu sio n  
c o m p o u n d s , or to  th e  fa c to rs  on w hich  su ch  differences w ould  d ep en d .

I n  o rd e r to  fin d  th e  m o s t su itab le  so lv e n t fo r th e  rem o v a l o f f a t t y  ac id  
c o n te n t ,  i t  is necessary  to  le a rn  th e  te n d e n c y  o f deoxycholic ac id  fo r th e  fo r
m a tio n  o f  inclusion co m p o u n d s w ith  d iffe re n t so lven ts.

T h ere fo re , we decided  to  s tu d y  th e  fa c to rs  w hich  in fluence , a n d  th e  w ay  
h o w , th e  fo rm atio n  of inc lu sio n  co m pounds o f deoxycholic  acid  w ith  a ro m a tic  
s o lv e n ts . In c lu sio n  co m pounds o f deoxycho lic  acid  w ere p rep a red  w ith  a n u m 
b e r  o f  l iq u id  benzene d e riv a tiv e s  av a ilab le  in  o u r la b o ra to ry . D eoxycho lic  
a c id  free  o f  an y  inclusion  im p u r ity  w as re f lu x e d  in  a ten -fo ld  excess o f  th e  
c o m p o n e n t in v estig a ted  w ith  th e  s im u ltan eo u s  a d d itio n  of sm all p o rtio n s  of 
m e th a n o l u n til  th e  co m p le te  d isso lu tio n  o f  th e  fo rm er. T he so lu tio n  w as re 
f lu x e d  fo r  a fu r th e r  h o u r a n d  th e  s ilky  need les deposited  on cooling  from  
th e  f i l te re d  so lu tion  w ere co llec ted  a n d  w ash ed  w ith  som e m e th a n o l. T he 
m e ltin g  p o in ts  and  com positions of th e  in c lu sio n  com pounds w ere d e te rm in e d . 
S e v e ra l m e th o d s  have been  em p lo y ed  fo r th e  d e te rm in a tio n  of th e  m o la r  ra tio
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o f deoxycholic  acid  to  th e  g u est c o m p o n en t a ro m a tic  co m p o u n d . A lkaline  
t i t r a t io n  m ade possib le th e  d e te rm in a tio n  o f  th e  deoxycholic acid  c o n te n t  o f 
th e  inc lusion  com pound . W h en ev er i t  w as possib le , th e  fu n c tio n a l g ro u p  of 
th e  a ro m a tic  p a r tn e r  w as d e te rm in ed . S p ec tro p h o to m e tric  d e te rm in a tio n  of 
th e  a b so rp tio n  o f th e  a ro m a tic  co m p o n en t in  th e  u ltra v io le t reg ion  p ro v e d  to  
h e  th e  m o st su itab le  m e th o d . T h is te c h n iq u e  w as also effective in  th e  s t ru c tu re  
d e te rm in a tio n  of m ixed  inc lusion  com pounds to  be described  la te r .

T h e  c h a ra c te ris tic  d a ta  o f th e  inc lusion  com pounds are  su m m a riz e d  in  
T ab le  I .

O n th e  basis o f th e  d a ta  o f T ab le  I  th e  follow ing conclusions m a y  be 
d ra w n :

1. In  m a n y  cases th e  m e ltin g  p o in t o f  th e  inclusion  co m p o u n d  is h ig h e r 
th a n  th a t  o f deoxycholic  acid . These d e riv a tiv e s  m e lt a t  th e ir  e le v a te d  m e ltin g  
p o in t w ith o u t decom position .

2. In  each inc lusion  com p o u n d  2 m oles o f  deoxycholic acid  is a c c o m p a 
n ied  b y  a p p ro x im a te ly  1 m ole o f th e  g u est co m p o n en t, b u t  th is  v a lu e  is so m e
w h a t less th a n  1 m ole in  a ll cases. O n re p e tit io n  o f th e  p re p a ra tio n  o f  th e  in 
c lusion  com pound  u n d e r  id en tica l co n d itio n s, th e  m olar ra tio  re m a in s  u n 
ch an g ed .

As i t  is know n  from  th e  li te ra tu re  [9], th e  deoxycholic a c id  m olecule , 
ow ing to  th e  cis fusion  o f its  A/В  rings, possesses an  arched  a rc h ite c tu re  an d  
th e  connec tion  o f tw o  m olecules b y  h y d ro g en  b o n d s gives hollow  sp a c e  in side  
th e  c ry sta l.

Table I

Inclusion compounds containing a  single guest component

G u es t co m p o n en t

H o s t  to  g u e s t m olar 
r a t io  o n  th e  basis of

d e te rm in a tio n  
o f d eoxycho lic  

acid

U Y  d e te r
m in a tio n  of 

th e  g u est 
co m p o n en t

M .p .,
°c*

Benzene 2 : 0.564 2 : 0.566 162— 170

Toluene 2 : 0.890 2 : 0.892 171— 175

Ethylbenzene 2 : 0.868 2 : 0.866 170— 172

m -Xylene 2 : 0.896 2 : 0.926 176— 179

Bromobenzene 2 : 0.982 2 : 0.974 174— 176

Chlorobenzene 2 : 0.808 2 : 0.818 169— 171

Anisole 2 : 1.001 2 : 0.998 169— 173

Benzaldehyde 2 : 0.906 2 : 0.906 164— 167

Nitrobenzene 2 : 0.896 2 : 0.918 169— 172

Phenylacetonitrilc 2 : 0.850 2 : 0.854 162— 165

* The inclusion-free pure deoxycholic acid m elted at 173— 174°C.
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D eoxyclio lic  ac id  crysta llizes from  so lu tio n s  w ith  th is  s tru c tu re , and  
a p a r t  f ro m  a few  ex cep tio n s  (e.g . m ethano l) th e  a d d u c t encloses one m olecule 
o f  th e  so lv e n t, as fa r  as th e  so lv en t m olecule f in d s  room  in th e  cav ity .

I n  such  cases th e  inc lusion  com pound h as  th e  sto ich iom etric  ra tio  of th e  
co m p o n e n ts  2 : 1 .  All inc lu sio n  com pounds p re p a re d  in  th e  p re sen t w ork  fall 
in  th is  c lass, th e re fo re  th e  case w hen  th e  so lv e n t m olecule finds no ro o m  in 
th e  c a v i ty  fo rm ed  b y  th e  tw o  connected  d eo x y ch o lic  acid m olecules w ill n o t  be 
co n sid e red .

T h e  ty p e s  o f in c lu s io n  com plexes in  w h ich  one of th e  com p o n en ts  con
ta in s  th e  o th e r  enclosed  in  th e  inside of itse lf , a re  called c la th ra te s  [10]. The 
in c lu s io n  com p o u n d  is sch em atica lly  show n in  F ig . 2.

F ig. 2. Schem atic structure of deoxycholic  acid inclusion com pounds

H o w ev er, c o n n ec tio n  o f tw o m olecules o f  deoxycholic ac id  m a y  also 
occu r w ith o u t th e  fo rm a tio n  of an  inc lusion  com plex . The IR  sp e c tru m  of 
d eo x y ch o lic  acid c ry s ta lliz e d  from  m e th a n o l show s no b an d  c h a ra c te r is tic  
of a free  O H  g roup , in d ic a tin g  th a t  th e  m olecu les are linked  to  each  o th e r 
w ith  h y d ro g e n  b o n d s in  th e  p u re  deoxycholic  ac id  c ry sta l, too .

H en ce , if  th e  fo rm a tio n  of th e  inc lusion  com plexes is acco m p an ied  by  
th e  c o n n e c tio n  of d eo xycho lic  acid m olecules c o n ta in in g  no guest co m p o n en t, 
th e  c ry s ta llin e  p ro d u c t will co n ta in  b o th  in c lu s io n -co n ta in in g  a n d  inc lusion- 
free d eo x y ch o lic  ac id  d im ers . A ny k in d  o f  d e te rm in a tio n  of th e  com p o sitio n  
will g ive  th e  to ta l  a m o u n t o f deoxycholic ac id  p re se n t in  b o th  ty p e s  o f u n its , 
th e re fo re  th e  guest to  h o s t  m o la r ra tio  w ill b e  so m ew h a t lower th a n  s to ich io 
m e tric . T h e  m ore co m p le te  th e  fo rm atio n  o f th e  inc lusion  com pound , th e  m ore 
close is th e  p ro p o rtio n  o f th e  tw o  co m p o n en ts  to  th e  sto ich iom etric  ra tio .

S ince th e  tw o p rocesses occur s im u lta n e o u s ly , an  excess o f th e  guest 
c o m p o n e n t in  th e  re a c tio n  m ix tu re , used  also  as th e  so lven t, h as  a decisive 
ro le . T h e  h ig h e r th e  ra tio  o f g u est to  host is in  th e  so lu tio n , th e  m ore com p le te  is 
th e  fo rm a tio n  of th e  in c lu s io n  com pound , as in th is  case th e  connec tion  of tw o
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m olecules o f deoxyclio lic  acid  w ith o u t enclosing  a so lv en t m olecule is less 
p robab le .

T ab le  I I  sh ows th e  re su lts  o f ex p e rim en ts  in  w hich th e  effect o f  excess 
to lu en e  up o n  e x te n t of fo rm a tio n  o f th e  in c lu sio n  com pound  was s tu d ie d .

W hen  deoxycholic  acid is c ry sta llized  fro m  a tw o -co m p o n en t (b in ary )

Table II

Effect o f the relative amount o f  the guest component upon the composition o f the inclusion compound

T o lu en e  (moles) deo x y ch o lic  ac id  (m oles)

D u rin g  p rep a ra tio n I n  th e  c ry s ta l

11 : 1 0.900 : 2

19 : 1 0.915 : 2

30 : 1 0.936 : 2

43 : 1 0.963 : 2

59 : 1 0.969 : 2

so lv en t m ix tu re , th e  tw o ty p e s  of so lven t m olecules w ill com pete  fo r inc lusion  
com p o u n d  fo rm a tio n , an d  tw o  k inds of inc lu sio n  com plexes will be o b ta in e d . 
T h e  process can  be rep re sen ted  analogously  to  th e  case of an  eq u ilib riu m  
reac tio n :

[DC -  S ,] +  [S „ ] ^  I DC -  S „ ]  +  [S ,]

w here [DC —  S] deno tes th e  co n cen tra tio n  o f  th e  inclusion  co m p o u n d  a n d  [S] 
th a t  o f th e  so lv en t. T he ra tio  o f th e  tw o  ty p e s  o f inc lusion  com pounds d ep en d s, 
on th e  one h a n d , upon  th e  re la tiv e  am o u n ts  o f  th e  so lv en ts  p re se n t a n d , on 
th e  o th e r, u p o n  th e  re la tiv e  s tab ilitie s  o f th e  inclusion  ad d u c ts . T h e  te rm  
“ re la tiv e  s ta b il i ty ”  has been  defined  to  ch a ra c te riz e  th e  a ff in ity  of deoxycho lic  
ac id  u n d e r id en tica l cond itions to  th e  tw o  g u est com ponen ts.

T he above eq u ilib riu m  m eans, a t  th e  sam e tim e , th a t  a g iven  inc lusion  
com p o u n d  can  be  co n v e rted  in to  a n o th e r  one b y  re flu x in g  i t  in  a su itab le  
so lv en t. T he new  co m p o n en t, being  p re sen t in  h ig h e r excess, rep laces th e  o rig i
n a l so lv en t m olecule in  a degree d e te rm in ed  b y  th e  m o lar ra tio  of th e  co m p e tin g  
so lv en t to  th e  o rig inal one an d  th e  re la tiv e  s ta b ilitie s  of th e  tw o  inc lusion  
com pounds. Such conversions o f inclusion  co m p o u n d s w ere ca rried  o u t in  th e  
p re sen t w ork , u sing  benzene, to lu en e  a n d  x y len e . T he en te rin g  so lv e n t was 
app lied  in 1 0  : 1 m o lar p ro p o rtio n  to  th e  o rig inal so lven t. T he re su lts  are  
su m m arized  in  T ab le  I I I .

W hile to lu en e  an d  xy lene e x tru d e  b en zen e  p ra c tic a lly  co m p le te ly  from  
th e  inclusion com pound , in  the  reverse  reac tio n s , desp ite  th e  la rg e  excess of 
benzene, a b o u t 50%  of th e  o rig inal inclusion  com p o u n d  rem ains u n ch an g ed .

Acta Chim. Acad. Sei, Hung. 63, 1970



430 CSŰRÖS e t al.: IN CLU SIO N  COMPOUNDS O F D EO XY CH OLIC ACID

Table III

C onversion  o f deoxycholic acid inclusion compounds by replacement o f  the guest component

I n  th e  s ta rtin g  
in c lu s io n  com pound

I n  th e  tra n sfo rm ed  
in c lu s io n  com pound

S ta r t in g  g u e s t  
c o m p o n e n t

M olar ra t io  
to  deoxycholic  

acid

N ew  guest 
c o m p o n e n t M o la r r a t io

S ta rt in g  g u es t 
co m p o n en t M o lar r a t io

B enzene 2 : 0.74 Toluene

m -X ylene

2 : 0.99 

2 : 0.985
Benzene 2 : 0.005  

2 : 0.010

Benzene 2 : 0.412 2 : 0.336

T oluene 2 : 0.970 Toluene

m -X ylene 2 : 0.013 2 : 0.945

Benzene 2 : 0.415 2 : 0.560
m -X ylen e 2 : 0.985 X ylene

Toluene 2 : 0.80 2 : 0.196

Table IV

Composition o f  inclusion compounds contain ing two guest components

C o m p o n en ts M olar r a t io  o f  h o s t 
to  g u est

DC—benzene—toluene 2 : 0.166 : 0.810
DC-benzen e—m—xylene 2 : 0.128 : 0.850

DC-toluen e—m—xylene 2 : 0.371 : 0.570

DC-benzene—benzyl cyanide 2 : 0.109 -.0.536*
DC—phenylacetonitrile—nitrobenzene 2 : 0.102 : 0.768

DC—pheny lace tonitrile—л у  lene 2 : 0.270 : 0.730*

DC-phenylacetonitrile—anisole 2 : 0.000 : 0.960*

DC—phenylacetonitrile—benzaldehyde 2 : 0.220 : 0.736*

DC-phenylacetonitrile—chlorobenzene 2 : 0.220 : 0.536*

DC—chlorobenzene—toluene 2 : 0.448 : 0.552

DC—nitrobenzene—chlorobenzene 2 : 0.318 : 0.408*

DC-nitrobenzene—7n—x y  lene 2 : 0.204 : 0.638*

DC—nitrobenzene—bromobenzene 2 : 0.280 : 0.520*

D C-benzaldehy de-nitrobenzene 2 : 0.470 : 0.504

DC—benzaldehyde—bromobenzene 2 : 0.171 : 0.782

DC—benzaldehyde—m—x y lene 2 : 0.120 : 0.632

DC—benzaldehyde—anisole 2 : 0.080 : 0.876

DC—m—xylene—anisole 2 : 0.444 : 0.592

DC—bromobenzene—m—xy lene 2 : 0.214 : 0.624*

DC-bromobenzene—anisole 2 : 0.230 : 0.642

DC—toluene—bromobenzene 2 : 0.432 : 0.496*
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I f  th e  tw o  g u est com p o n en ts  a re  ap p lied  in  th e  sam e m olar p ro p o r tio n , 
th e  inclusion co m p o u n d  hav ing  h ig h e r  s ta b ili ty  w ill be form ed p re d o m in a n tly . 
H ence , d e te rm in a tio n  of th e  p ro p o r tio n  o f th e  tw o  inclusion co m p o u n d s fo rm ed  
in  so lven t p a irs  o f  equal m olar r a t io  m akes possib le  to  d e te rm in e  th e  re la t iv e  
s tab ilitie s  of th e  respective  in c lu s io n  com pounds.

T he co m p o sitio n  of th e  p re p a re d  m ixed  inc lusion  ad d u c ts  is sh o w n  in  
T ab le  IY . T hese  m ixed  inclusion  co m pounds w ere  p rep ared  u n d e r  a n a lo g o u s  
cond itions to  th o s e  o f th e  co m p o u n d s , th e  com m on  p ro p o rtio n  o f th e  so lv e n t 
m ix tu re  to  deoxycho lic  acid b e in g  30 : 1, i.e. 15 : 1 an d  15:1 fo r e i th e r  so lv e n t. 
I n  T ab le  IV  th e  m ore  stab le  c o m p o n e n t is show n in  italics an d  th e  m e th o d  of 
d e te rm in a tio n  is also ind ica ted .

As i t  h as  b e e n  m en tioned , th e  UY p h o to m e tric  tech n iq u e  is s u ita b le  fo r  
th e  s im u ltan eo u s d e te rm in a tio n  o f  tw o  a ro m a tic  com ponen ts in  a m ix tu re ,  b u t  
e x a c t resu lts  can  on ly  be o b ta in e d  if  th e  m o la r ex tin c tio n  coeffic ien ts  o f  th e  
tw o  com p o n en ts  a re  of co m p arab le  o rd e r of m ag n itu d e .

In  th e  cases w here in a c c u ra cy  o f th e  m easu rem en ts  ren d ered  th e  re su lt 
u n re liab le , fu n c tio n a l group d e te rm in a tio n s  w ere also carried  o u t, b u t  th is  
m e th o d , to o , fu rn ish ed  a p p ro x im a tiv e  d a ta  o n ly . T hese d e te rm in a tio n s  a re  
m ark ed  w ith  a n  as te risk  in  th e  T a b le  an d  a re  u n su ita b le  for n u m e ric a l e v a lu a 
tio n .

T he n u m erica l ev a lu a tio n  w as done b y  d iv id in g  th e  am o u n ts  o f  th e  tw o  
a ro m a tic  co m p o n en ts  p resen t in  th e  m ixed  inc lu sio n  com pound b y  e ach  o th e r . 
T h e  resu lt h as  b een  term ed  r e la t iv e  s ta b ili ty  c o n s ta n t, an d  th e  c o m p o n e n t 
a p p ea rin g  in  th e  d en o m in a to r is th e  basis of reference . F o r inclusion c o m p o u n d s  
in  w hich one o f  th e  arom atic  c o m p o n e n t is com m on, th e  s ta b ility  c o n s ta n t  m a y  
be  ca lcu la ted  b a se d  on th is  co m m o n  co m p o n en t, an d  th u s  an  o rd e r  o f  th e  
s tab ilitie s  can  b e  estab lished . T a b le  V  show s th e se  s ta b ility  co e ffic ien ts  and  
th e  o rd er o f th e  stab ilities.

T he in c lu sio n  com pounds c o n ta in in g  one a ro m atic  c o m p o n e n t w ere  
su b jec ted  to  d e riv a to g rap h ic  an a ly s is . T h e  com position  o f th e  in c lu s io n  
com pound  w as ca lcu la ted  from  th e  T G  w eigh t loss curve of th e  d e r iv a to g ra m , 
w hile th e  m e ltin g  p o in t was d e te rm in e d  from  th e  D TA  curve. T h e se  re su lts  
a re  su m m arized  in  Table V I. T h e  co m position  o f th e  inclusion  co m p o u n d s  
d e te rm in ed  b y  th e  UV sp e c tro p h o to m e tric  te c h n iq u e  an d  th e  m e ltin g  p o in t 
v a lues d e te rm in ed  earlier are  a lso  inc luded .

F rom  T a b le  V I it  can be  seen  th a t  acco rd in g  to  th e  co m p o sitio n  va lu es  
ca lcu la ted  fro m  th e  d e riv a to g ra m  in  th e  u su a l w ay , th e  re la tiv e  a m o u n t  o f  
th e  a ro m a tic  co m p o n en t is so m e w h a t sm aller th a n  th e  values o b ta in e d  b y  UV 
sp e c tro p h o to m e try . The m e ltin g  p o in t va lu es  show n b y  th e  d e r iv a to g ra m  
differ from  each  o th e r  from  one g u e s t co m p o n en t to  th e  o th er, an d  th e  d ecrease  
o f  th e  m e ltin g  p o in ts  reveals a n  id en tica l te n d e n c y  w ith  th e  s ta b i l i ty  o rd e r  
e s tab lish ed  in  th e  foregoing.
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Table У

S ta b ility  constants calculated fro m  the compositions o f  inc lu sion  compounds containing two guest
components

B asis  o f reference C o m p o n e n t referred  to
S ta b il i ty
c o n s ta n t

O rd er o f  s ta b i li ty

Benzaldehyde Phenylacetonitrile

N itrobenzene
Brom obenzene

m -X ylen e

A n iso le

0.33

1.07

4.57

5.23

22.0

PhA <  BA <  N O , <  Br

<  X  <  An

Toluene B enzene 0.206 В <  К  <  T <  X

Chlorobenzene 0.81

m—X y len e 1.53

Anisole Phenylacetonitrile 0 PhA < B A  < B r  < X <  An

Benzaldehyde 0.091

Brom obenzene 0.36

m—X y len e 0.75

Nitrobenzene Phenylacetonitrile 0.133 PhA <  BA <  N O ,

B enzaldehyde 0.93

Phenylacetonitrile A nisole o o PhA <  BA <  N O , <  An

N itrobenzene 7.5

B enzaldehyde 3.3

Table VI

D erivatographically determ ined compositions and m elting p o in ts  o f deoxycholic acid inclusion
compounds

G uest co m p o n en t

C om position o f  th e  
inclusion  co m p o u n d  

as d e te rm in e d  b y
M .p. °C

uv d e r iv . M easured* D e riv .

Anisole 1 : 0.499 i 0.48 169-173 175

m—X ylene 1 : 0.463 l 0 .39 176-179 174

Bromobenzene 1 : 0.49 l 0.46 174-176 172

Benzene 1 : 0.28 i 0.19 168-170 171.5

Toluene 1 : 0.396 l 0.33 171-175 170.5

Nitrobenzene 1 : 0.48 l 0.40 168-171 169

E thylbenzene 1 : 0.43 i 0.37 170-172 166

Chlorobenzene 1 : 0.40 l 0.38 169-171 166

Benzaldehyde 1 : 0.45 l 0.35 164-167 160

Phenylacetonitrile 1 : 0.42 l 0.43 162-165 159

* The m elting poin ts were determined w ith  a B ü ch i— T ottoli apparatus.
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F u r th e r , i t  w as a tte m p te d  to  fin d  som e e x p lan a tio n  fo r th e  d iffe ren t 
s tab ilitie s  o f  th e  inclusion co m p o u n d s. T h e  ch a rac te ris tic  fe a tu re s  o f  th e  
enclosed a ro m a tic  guest c o m p o n en t w ere co n sid e red , and  th e  ch an g e  o f  s ta b il
i ty  w ith  a  ch an g e  in  these  fe a tu re s  w as an a ly zed .

T h e  e x a m in e d  c h a ra c te ris tic  p ro p e rtie s  o f  th e  com pounds a re  lis te d  in  
T ab le  V II .

On th e  basis  of th e  d a ta  in  T ab le  V II  i t  can  be assum ed th a t  th e  s ta b ili ty  
o f th e  inc lusion  com pounds is in flu en ced  b y  th e  size of th e  enclosed  a ro m a tic  
m olecule.

Fig. 3. Model o f the inclusion-form ing deoxycholic  acid m olecule pair

T he m o lecu la r d im ensions w ere m easu red  w ith  th e  a id  o f  m o lecu la r 
m odels. T h e  m o lecu la r m odel o f  th e  deoxycho lic  acid  m olecule p a ir ,  th e  h o st 
co m p o n en t o f  inclusion  com p o u n d  fo rm a tio n , is show n in Fig. 3.

T he tw o  m olecules of deoxycho lic  ac id , like tw o cockle shells, fo ld  an d  
enclose th e  a ro m a tic  co m p o n en t w hich  is lik e  a f la t  disc. T he h e ig h t  o f  th e  
ch an n e l or c a v ity  in  th e  “ shell“  is a b o u t 4.5 Â . W henever a d isc -m olecu le  o f a 
h e ig h t so m ew h a t g rea te r th a n  4.5 Â is enclosed  in  th e  cav ity  fo rm e d  b y  th e  
tw o  deoxycho lic  acid m olecules b o u n d  to g e th e r  b y  hydrogen  b o n d s , th e  la t te r  
w ill be s tra in e d , and  will open  u p  easily . I n  o u r opinion, th is  is th e  fa c to r  
responsib le  fo r th e  low  s ta b ility  o f  th e  inc lu sio n  com pounds fo rm e d  w ith  
b en za ld eh y d e , p h en y lace to n itrile  an d  n itro b en zen e .

I t  is also clear from  T ab le  V I I  t h a t  th e  s tre n g th  of inc lu sio n  b o n d in g  
depends on th e  dipole m o m en t o f  th e  enclosed  m olecule, too .

T he decrease  in  th e  d ipole m o m en t o f anisole ^>m -xylene to lu e n e  ]> 
benzene is accom pan ied  b y  a decrease in  th e  s ta b ili ty  of th e  in c lu s io n  com 
p o u n d s m ad e  w ith  these  guests. T h is can  be ex p la in ed  b y  th e  a s su m p tio n  th a t  
th e  d ip o le -in d u ced  dipole in te ra c tio n  p a r t  o f  th e  secondary  v a n  d e r  W aals
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Table VII

Some characteristic properties o f  the guest components

G u e s t co m p o n en t D ipo le  m o m e n t
H e ig h t o f  tb e  
m olecule, Â

Anisole 1.46 4.09

m—X ylene 0.36 3.73

Toluene 0.31 3.73

Benzene 0 2.60

Chlorobenzene 1.23 2.93

Brom obenzene 1.52 3.24

Nitrobenzene 4.69 4.73

Benzaldehyde 2.79 4.24

Phenylacetonitrile 4.68

forces h o ld in g  to g e th e r  th e  inclusion  com plexes p la y  an  im p o rta n t ro le  in  th e  
fo rm a tio n  of th e  in c lu s io n  com pound.

H ow ever, th e re  a re  a few  in te restin g  fa c ts ,  w h ich  can n o t be  a c c o u n te d  
fo r b y  th e  above co n sid e ra tio n s . T hus, for in s ta n c e , th e  inclusion a d d u c t fo rm ed  
w ith  b ro m o b en zen e  o f  h ig h e r dipole m o m en t is less stab le  th a n  th o se  fo rm ed  
w ith  an iso le  or m -xy lene  o f a b o u t th e  sam e size . O bviously , th e re  a re  sev era l 
o th e r  fa c to rs  in  a d d itio n  to  those  exam ined  b y  u s  w hich p lay  a p a r t  in  th e  
fo rm a tio n  o f inc lusion  com pounds.

Experimental

Materials

D eoxych olic  acid, F lu ka, pss. grade, was used.
T he guest com ponents were commercial products purified by distillation.

Preparation of the inclusion com pounds

5 g (0.0127 m ole) o f  deoxycholic  acid was refluxed  in  50 ml of the guest com ponent, 
and m ethanol was added in  sm all portions until the m ix tu re  becam e hom ogeneous. A fter re
flu x in g  for 1 hr., the so lu tion  w as filtered and slow ly cooled . The deposited silky w h ite  needles  
were collected , washed w ith  som e ice-cold m ethanol and  dried in air.

T hin-layer chromatographic analyses

T he deoxycholic acid sam ples were chrom atographed on thin-layer using a so lv en t  
system  o f petroleum  ether—ether-g lacia l acetic acid (70 : 30 : 2), and the spots were v isualized  
w ith  chrom ic acid—sulphuric acid.
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UNTERSUCHUNGEN AUF DEM GEBIET DER 
AROMATISCHEN SULFENYLCHLORIDE, I

D IE  R E A K T IO N  VON SU L F E N Y L C IIL O R ID E N  MIT A L K Y L T H IO SU L F A T E N  UNI)
X A N T H O G E N A T E N

F . K l i v é n y i ,  E . Y i n k l e r  und A . E . S z a b ó

( Institu t fü r  Pharmazeutische Chemie der M edizinischen U niversität, Szeged)  

E ingegangen am  17. O ktober 1968

E s wurde festgestellt, daß die bei der R eaktion zwischen arom atischen Sulfenyl- 
chloriden und A lkylth iosulfaten  erw arteten O -A rylsulfenyl-S-alkylth iosulfate in nur 
kleinen Mengen anfallende, labile Produkte sind, da sie sieb unter Schw efeltrioxydver
lu st in D isulfide um wandeln.

In der R eaktion von  A rylsulfenylchioriden m it X an thogenaten  b ilden  sich m it 
guter A usbeute (A lkoxyth ioform yl)-aryldisu lfide. D iese Verbindungen sind gelbe Öle, 
die chrom atographisch gereinigt werden können. A u f E inwirkung von  W ärm e werden 
sie zu den entsprechenden T hiophenol- und O lefinderivaten zersetzt, w obei gleichzeitig  
Carbonylsulfid und Schwefel freigesetzt werden. D ie  (A lkoxy-th ioform yl)-aryldisu lfide  
zeigen eine starke, selektive antim ikrobielle A k tiv itä t gegenüber gram positiven  Mikro
organism en.

Theoretischer Teil

Z ahlreiche P u b lik a tio n e n  (z .B . [1] u n d  [2]) befassen  sich m it d e r  U n te r
su ch u n g  d e r R eak tio n en  von  S u lfeny lch lo riden . D iese V e rb in d u n g sg ru p p e  ist 
d u rc h  ih re  besondere  R e a k tio n sfä h ig k e it g ek ennze ichne t. W ir b esch äftig en  
u ns n u n  schon seit län g ere r Zeit m it  den  R e a k tio n e n  d er S u lfen y lch lo rid e  und 
h a b e n  u n te r  anderem  den  V erlau f d e r H y d ro ly se  d ieser V e rb in d u n g en  g ek lä rt 
sow ie ih re  R eak tio n en  m it S u lfin säu ren  [3, 4].

Als F o rse tzu n g  u n se re r  S tu d ie n  ersch ien  es v o n  In te resse , die R e a k tio n e n  
d e r A ry lsu lfeny lch lo ride  (I) m it A lk y lth io su lfa t-(II)-  u n d  m it a lip h a tisc h e n  
X an th o g en a t-(V I)-A n io n en  als n u k leo p h ile  S u b s tra te  zu  u n te rs u c h e n . A uf 
G ru n d  d e r b e k a n n te n  R e a k tio n sb e re itsc h a ft d e r S u lfeny lha lo ide  [2] is t  die 
fo lgende ionische P r im ä rre a k tio n  zu  e rw arten :

® 0
<5 6  ©  Q

Ar — S — H ai +  Y  — Ar -  S Y  +  H ai
I. (1)
0

Y  =  R S S 0 ,0 ~ ,  R O C (S)S-

D ie zu e rw arten d en  P ro d u k te  d er P r im ä rre a k tio n , die O -A ry lsu lfeny l-S -a lky l- 
th io su lfa te  bzw. die (A lk o x y th io fo rm y l)-a ry ld isu lfid e  s ind  b ish e r u n b e k a n n te  
V erb in d u n g en .
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I .  R e a k tio n  m it A lky lth io su lfa t

W e n n  S -A lky lth iosu lfa te  (»Bunte-Salze«) [5] in  e in em  w asserfreien  L ösungs
m it te l  (zw eckm äßigerw eise in  D ioxan) bei Z im m e rte m p e ra tu r  m it A ry lsu l- 
fe n y lc h lo r id  ( I )  u m g e se tz t w e rd en , v e rsch w in d e t a lsb a ld  u n te r  schw acher 
E rw ä rm u n g  die ro te  F a rb e  des R eak tionsgem isches. Aus dem  R e a k tio n s 
g e m isc h  können  zwei e in fa c h e  D isulfide ( I I I  u n d  I V )  sowie Schw efeltriox id  
(a ls  S u lfa tion ) iso liert v e rd e n :

0 О r  ( R —S)„ 
III

I I

R — S - S —ONa +  Cl— S — Ar
I I

I I

— * R S S O S Ar
_ 1 N a C 1  I I  - S 0 3 (2 )

0 о - ( A r —S),
II I V IV

R = z .  B. n-Butyl 

Ar =  p-Tolyl

V e rm u tlic h  kann  die d u rc h  die R eak tio n sg le ich u n g  besch riebene B ru tto -  
Ä n d e ru n g  d e ra rt g e d e u te t w e rd e n , daß  das u n te r  B ild u n g  v o n  N a triu m ch lo rid  
e n ts te h e n d e  Z w isch en p ro d u k t ( V )  instab il is t , u n d  sch ließ lich  u n te r  V erlu st 
v o n  S chw efeltrioxyd  in  F o rm  v o n  D isulfiden s ta b ilis ie r t  w ird . Im  L aufe  der 
Z e rse tz u n g  der V erb in d u n g  V  k a n n  auch sog. »gem ischtes« D isu lfid  e n ts teh en , 
w e lch es  d ann  m itte ls d e r  b e k a n n te n  R a d ik a l-S p a ltu n g  in  zwei »einfache« 
D isu lf id e  um gew andelt w e rd e n  k a n n . D ioxan  b ild e t  m it dem  aus V erb in d u n g  V  

sich  ab sp a lten d en  S c h w e fe ltr io x y d  eine A d d itio n sv e rb in d u n g  von  b e k a n n te r  
Z u sam m en se tzu n g  [6]. A us d e r  im  Laufe d er A u fa rb e itu n g  des R e a k tio n s 
g em isch es  gew onnenen w ä ß r ig e n  Lösung k a n n  d as  S u lfa tio n  fa s t q u a n ti ta t iv  
g e fä ll t  w erden.

U m  eine even tuelle  Z e rse tz u n g  w ährend  d e r D estilla tio n  zu v erm eid en , 
v e r s u c h te n  wir, das R eak tio n sg em isch  au ch  m itte ls  C h ro m ato g rap h ie  bei 
Z im m e rte m p e ra tu r  a u fz u a rb e ite n . Bei der E lu tio n  iso lie rten  w ir n eb en  den 
D isu lf id e n  I I I  und I V  ein e  k le in e  Menge v o n  in s ta b ile m  gelbem  01, dessen 
A n a ly se , au f G rund des S chw efelgehaltes, a u f  V e rb in d u n g  V  g u t s tim m te . 
S e lb s t  in  ka ltem  Z u s ta n d  s e tz te  sich die V e rb in d u n g  in  k u rz e r  Z eit zu den 
e n tsp re c h e n d e n  zwei D isu lf id e n  um .

A u f  G rund u n se re r  V ersuchsergebn isse  k a n n  fe s tg e s te llt w erden , d aß  die 
O -A ry lsu lfen y l-S -a lk y lth io su lfa te  ( V )  u n te r  so lch en  U m stä n d e n  n u r  k u rz 
le b ig e  V erb indungen  s in d .

I I .  R ea k tio n  m it X anthogenaten

Im  w eiteren s tu d ie r te n  w ir die R eak tio n  d e r  Su lfeny lch lo ride m it den 
A lk a lisa lz e n  des О -E s te rs  d e r  T h iokoh lensäure  (»X an thogenate« ) ( V I ) .  D er zu 
e rw a r te n d e  V e rb in d u n g s ty p , das [A lk o x y -th io fo rm y lj-a ry ld isu lfid  ( V I I )  is t
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n a c h  den uns b ish e r zugänglich gew ordenen  L ite ra tu rd a te n  noch  u n b e k a n n t. 
A naloge D e riv a te  vom  S -T rich lo rm eth y lsu lfen y l-T y p  w u rd en  je d o c h  von  
H a w l e y  u n d  K i t t l e s o n  b e re its  h e rg e s te llt  [7]. D iese V e rb in d u n g en  sind 
w irksam e In sek tic id e  und  F u n g ic id e .

Zu u n se ren  E x p e rim en ten  w u rd e  als eine K o m p o n en te  das ziem lich 
s ta b ile  p -M eth y lp h en y l- bzw . p -C h lo ro p h en y lsu lfen y lch lo rid  g ew äh lt. Die 
L ösung  dieser V erb indungen  in  w asserfre iem  D io x an  w urde  m it d e r Suspension  
d e r  X a n th o g e n a te  (V ia, b , c) in  D io x an  bei Z im m e rte m p e ra tu r  u m g ese tz t 
(G l. 3).

R O —C—SNa +  CI S A r -------- ► RO C S S Ar
U - NaC1 II (3)
s  s
VI I VII

a) R =  C yclohexyl A r =  p -M e th y lp h e n y l bzw . p -C h lo ro p h en y l
b) R Ä th y l A r =  p -M e th y lp h e n y l bzw . p -C h lo ropheny l
c) R  =  Iso p ro p y l A r =  p -M e th y lp h e n y l

Die R eak tio n  v e r lä u f t in  allen fü n f  F ä llen  g la tt . D ie e rh a lten en  V erb in d u n g en  
vom  T yp  VII sind  Öle von  le b h a f t  gelber F a rb e  u n d  k ö n n en  se lb s t in  hohem  
V ak u u m  n u r u n te r  Z ersetzung  d e s tillie r t w erden . Im  D estilla t e rsch e in en  dabei 
versch iedene schw efelhaltige Z e rse tz u n g sp ro d u k te . F ü r  die R e in ig u n g  der 
ro h en  P ro d u k te  erw ies sich d ie  ch ro m a to g rap h isch e  M ethode als geeignet. 
A u f E in w irk u n g  von  W ärm e sp ie lt sich im  F alle  d ieser V erb in d u n g en  h ö c h s t
w ahrschein lich  die von  T s c h u g a e v  [8] u n d  d a n n  von  S i s o e v a  [9] b e o b a c h te te  
th e rm isch e  Z erse tzu n g  der X a n th o g e n sä u re e s te r  ab . N ach d iesen  F o rsch e rn  
b ild e t sich d u rch  hom oly tische  c is -E lim in a tio n u n te r  A usscheidung  v o n  Schw e
fe l das en tsp rech en d e  T liiopheno l - u n d  O le fin d e riv a t sowie C arb o n y lsu lfid  
(G l. 4). Jed es  d ieser Z e rse tzu n g sp ro d u k te  is t im D estilla t d er V e rb in d u n g en  von 
T y p  VII n achw eisbar.

«II.. CH,
1
1

1
1

J s
II О CH„ =  C H , + c

js  —  s -  
1
Ar

1
- Í — c = s

> 0

ArSH +  S (4)

Nach U ntersuchungen von F e r e n c z y  zeigen die hergestellten X anthogenatsäure-aryl- 
thioester (VII) gegenüber einigen M ikroorganism en eine starke antim ikrobielle A k tiv itä t. Diese 
A k tiv itä t ist gegenüber gram positiven Erregern, K okken und Strcptom yccs-A rten selektiv  
wirksam . G ram negativen Arten sowie H efen- und Fadenpilzen gegenüber erw iesen sich diese 
Verbindungen als praktisch um wirksam  [10].
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E xperim en teller Teil

(D ie  Schm elzpunkte sind unkorrigiert)

1. Die R eaktion  von n-Butanthiosulfonsäure-Natrium  mit 
p-Methvlphcnylsulfcnvl<'hloiiil

Zu einer Suspension v o n  6 ,15 g (0,032 m) re-butanthiosulfonsaurem  N atrium  (siehe 
[11 ]) in  60 m l absolutem  D io x a n  wurde unter Rühren bei Zim m ertem peratur tropfenw eise  
die L ösung von 4,5 g (0,03 M )  p-M etliylphenylsu lfenylchlorid  in  40 ml absolutem  D ioxan  
zugegeben . Das R eaktionsgem isch  erwärmte sich. N ach  halbstündigem  Rühren wurde das 
fe ste  P rodukt durch F iltrieren getrennt. Das L ösungsm ittel wurde bei verm indertem  Druck  
abd estilliert. Das zurückbleibende gelbe, viskose Öl w urde in  Ä ther gelöst und m it W asser 
gew aschen , bis die Lösung neutra l reagierte (E ntfernung der Schwefelsäure). Der R ückstand  
der über N atrium sulfat getrock n eten  Ätherlösung wurde im  V akuum  fraktioniert. D as über
gehende D estilla t betrug 0 ,6  g (18,5% ).*

K p 2: 82—83° nj>2: 1,495

M it authentischem  n -D ib u ty ld isu lfid  [12] identisch. D er D estillationsrückstand beträgt 3,3 g 
(74 ,1% ). Aus Methanol u m k rista llis iert farblose N adeln .

F p . 44— 45°C Mit au th en tisch em  p ,p ’-D ito ly ld isu lfid  [13] identisch.

2. Versuch Nr. 1 w urde u n ter  K ühlung m it E isw asser w iederholt. D as erhaltene trockene  
D io x a n -F iltra t wurde in einer m it Silikagel gefüllten K olonne (90 g Adsorbens, 25 m m  D urch
m esser) empirisch chrom atographiert. D ie einzelnen E lu a te  wurden m ittels D ünnschicht- 
Chrom atographie untersucht (L ösungsm ittel: n -H exan , Entw ickler: alkalische K alium per
m anganatlösung). Die identische  F leck e liefernden E lu ate  wurden kom biniert. D as L ösungs
m itte l wurde bei Z im m ertem peratur entfernt. Die drei H autpfraktionen wurden m it P etro l
äther a u f die gleiche W eise n och  zw eim al chrom atographiert, sodann wurde das L ösungsm ittel 
en tfern t.

F rak tion  Nr. 1**: 0,80 g; n|>2: 1 ,574; Cu H l60 3S3 (276,44)
S ber.: 32,8%
S gef.: 32,2%
F rak tion  Nr. 2: 1,30 g; p ,p ’-D ito ly ld isu lfid  (m it dem  auth en tisch en  Präparat identisch)

F rak tion  Nr. 3: 1,90 g; D ib u ty ld isu lfid , C8H l8S 2 (178,36) 
S ber.: 35,9%
S gef.: 35,9%

3. D ie H erstellung der Xanthogcnsäure-arylthioester

Verfahren: Zu einer S u sp en sion  der in der Tabelle angegebenen Menge von  X an th ogen at  
(VI) in  50— 70 ml wasserfreiem  D io x a n  wurde tropfenw eise unter Rühren die 5% ige Lösung  
der angegebenen Menge v o n  A rylsulfenylchlorid (I) in D ioxan  zugegeben. N ach Verschwinden  
der ro ten  Farbe der Lösung w urde das R eaktionsgem isch noch eine Stunde in einem  W asser
bad v o n  50°C erwärmt. D as ausgesch iedene Salz wurde herausfiltriert und das L ösungsm ittel 
bei verm indertem  Druck abd estilliert. D as zurückbleibende v iskose, gelbe, ölige Produkt wurde 
in  Ä th er gelöst, m it W asser gew aschen und getrocknet. D er lösungsm ittelfreie R ückstand  
w urde in  einer kleinen M enge P etroläther gelöst und in einer m it aktivem  Silikagel gefüllten  
K olon ne (90 g Adsorbens) zw eim al chrom atographiert, w obei durchwegs Petroläther als 
E lu en t verw endet wurde. D ie  E lu a te  m it dem gleichen B rechungsindex wurden verein igt.

* U nter M itwirkung v o n  E lza  K is.
** D ie erste Fraktion is t  im  Kühlschrank etw a eine W oche beständig. N ach  einer  

Z eit sind  nur die III und IV D isu lfid e  m it Chromatographie nachgew iesen worden.
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T abelle  I

X a n th o g e n a t
V I
g

(A i)

A ry lsu lfeny lch lo rid
I
g

(Ai)

Iso lie rte
S u b s ta n z

V II
g

(%)

C h arak teris ieru n g

B rech u n g sin d ex

A n a ly se

b e re c h n e t g e fu n d e n
% %

R  =  C y c lo h e x y l A r  =  p -T o ly l С: 5 6 ,3  С: 5 5 ,9

9 ,9 7 ,9 9 ,7 n o  : 1 ,6 2 8 2 И : 6 ,0  Н :  5 ,7

(0 .0 5 ) (0 ,0 5 ) (6 5 ,2 0 ) S: 3 2 ,2  S: 3 2 ,5

М . G e w . : 2 9 8 ,5

R  =  C y c lo h e x y l A r  =  p -C h lo r- С: 4 8 ,9  С :4 8 ,8

p h e n y l 1 1 ,8 n o  : 1 ,6 4 2 0 Н : 4 ,7  Н :  4 ,5

9 ,9 9 ,0 5

(0 .0 5 ) (0 ,0 5 ) ( 7 4 ,2 ) М . G e w . : 3 1 8 ,9

R  =  Ä t h y l A r  =  p -T o ly l С: 4 9 ,1  С: 4 9 ,3

9 ,4 6 10 ,31 1 4 ,0 n o  : 1 ,6 3 1 1 Н : 4 ,9  Н :  5 ,2

(0 ,0 6 5 ) (0 ,0 6 5 ) ( 8 8 , 1) М . G e w . : 2 4 4 ,3

R  =  Ä t h y l A r  =  p -C h lor- С: 4 0 ,8  С: 4 0 ,5

p h e n y l

n  ^  : 1 ,6 5 5 018 ,7 2 3 ,5 2 3 ,9 Н : 3 ,4  Н :  3 ,5

(0 ,1 3 ) (0 ,1 3 ) (7 5 ) М . G e w . : 2 6 4 ,8

R  =  Is o p r o p y l* A r  =  p -T o ly l С: 5 1 ,1  С: 5 0 ,9

8 ,4 10 ,6 9 ,0 iid °  : 1 ,6 4 3 8 Н : 5 ,5  Н :  4 ,7

(0 ,0 3 5 ) (0 ,0 7 ) (5 2 ,1 ) S: 3 7 ,2  S: 3 6 ,7

М . G e w . : 2 5 8 ,4

* D as A u sg an g sm a teria l w a r Z in k d iiso p ro p y lx an th o g en a t

4. T herm ische  Z ersetzung  von (Ä th o x y -th io fo rm yl)-p -to ly ld isu lfiil

D as n ach  V ersu ch  3 h e rg este llte  ro h e  R e a k tio n sp ro d u k t (5 g) von Ä th y lx a n th o g e n a t  
(V lb ) u n d  p -T o ly lsu lfeny lch lo rid  w u rd e  eine S tu n d e  lan g  in  einem  Ö lbad v o n  1 5 0 — 160°C 
g eh a lten . D ie en tw eich en d en  D äm pfe w u rd e n  d u rc h  e ine  m it E isw asser g e k ü h lte , v e rd ü n n te  
w äßrige  A lka lilauge  e n th a lte n d e  W asch flasch e  u n d  d u rc h  eine T e trac h lo ro k o h le n s to ff  e n t
h a lte n d e  W aschflasche  g e le ite t. Im  w ä ß rig en  Teil k o n n te  e tw as S chw efelw assersto ff u n d  K o h 
len d io x y d , im  a lk a lischen  Teil viel A lk a lisu lfid  u n d  -c a rb o n a t  nachgew iesen w e rd en .

D ie T e trach lo rk o h len sto ff-L ö su n g  w u rd e  m it  v e rd ü n n te r  B rom lösung  in  g e rin g em  
Ü b ersch u ß  v e rse tz t. D er lö su n g sm itte lfre ie  R ü c k s ta n d  (0,2 g) is t ein b laß g e lb es ö l ,  w elches 
a u f  s ta rk e s  K ü h len  k r is ta llis ie rt.

B rech u n g sin d ex  nb0: 1,538 ( th e o re tisc h  1,5378) D ib ro m äth an . W enn d e r  R ü c k s ta n d  
de r th e rm isch en  Z erse tzu n g  einer W a sse rd a m p fd es tilla tio n  un terw orfen  w ird , d e s t i l l ie r t  p- 
T hiocresol ü b e r  (0,5 g). O x y d ie rt w u rd e  es als D isu lfid  ch arak te ris ie rt: F p .: 4 4 —45°C , p -D i-  
to ly ld isu lfid . M it dem  au th en tisch en  P r ä p a ra t  id en tisc h . D er thiocresolfreie R ü c k s ta n d  w u rd e  
m it k a lte m  P e tro lä th e r  m ehrm als v e rrie b en , so d an n  d e k a n tie r t  u n d  f iltr ie r t  (0 ,30  g).

A us B enzol u m k ris ta llis ie rt gelbe P lä ttc h e n , F p .:  111— 112°C. M it a u th e n tis c h e m  ele
m e n ta re m  Schwefel iden tisch .
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THE CHEMISTRY OF HETEROCYCLIC PSEUDOBASIC 
AMINOCARBINOLS, XXXYII

REA CTIO N OF 6,7-D IM E T H O X Y -3,4-D IH Y D R O ISO Q U IN O L IN E  
W ITH F O R M A L D E H Y D E *

G y . K a l a u s , L. T ő k e  and Cs. S z á n t a y

(Departm ent o f  Organic Chemistry , Technical University , B udapest)

Received January 18, 1969

The reaction  o f  6,7-dim ethoxy-3,4-dihydroisoquinoline w ith form ald eh yde was 
studied and the structure of the product w as proved.

I n  th e  course  o f ea rlie r in v es tig a tio n s  in  th is  lab o ra to ry , th e  re a c tio n  of 
3 ,4 -d ihydro isoqu ino lines w ith  a , co-dihalogen com pounds w as s tu d ie d . The 
p u rp o se  of th e  w o rk  w as th e  syn thesis  o f  b is -q u a te rn a ry  salts w ith  cu rare-like  
effec t. On a lk a lin e  t r e a tm e n t of th e  sa lts  fo rm ed , a p a rtic u la r  re d o x  process 
w as observed , w h ich  gave rise to  m olecules co n ta in in g  b o th  iso c a rb o s ty ry l and 
te tra h y d ro iso q u in o lin e  un its .

In  th e  b is -q u a te rn iz a tio n  reac tio n  w ith  a , co-bis-halogen c o m p o u n d s , the  
y ie ld  m ark ed ly  d ep en d ed  upon  th e  n u m b e r  o f C H 2 groups b e tw e e n  th e  tw o 
ha logen  a to m s. T h u s , in  th e  case of 1 ,2 -d ib ro m o e th an e  th e  re a c tio n  co u ld  not 
be  accom plished  a t  all.

W e fo u n d , how ever, th a t  w hen 6 ,7 -d im eth o x y -3 ,4 -d ih y d ro iso q u in o lin e  
(I) w as tre a te d  w ith  fo rm aldehyde  c o m p o u n d  II was o b ta ined .

T he s tru c tu re  o f th e  com pound w as su p p o rte d  b y  its  e m p iric a l fo rm ula , 
a n d  its  u ltra v io le t  an d  in fra red  sp ec tro scop ic  d a ta  were co n sis ten t w ith  tho se  of 

•com pounds d esc rib ed  earlier [1].

* Part X X X V I: L. Szabó and Cs. Sz á n t a y : Chem. Ber. 102, 529 (1969).
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C o m p o u n d  II  gives a m onohy d ro ch lo rid e  s a l t  an d  a m o n o m eth io d id e  
d e r iv a t iv e ,  hence it  c o n ta in s  one  basical g ro u p . R e d u c tio n  w ith  l i th iu m -a lu 
m in iu m -h y d rid e , on th e  o th e r  h a n d , gives rise  to  a  d ibasical d e riv a tiv e , I I I .

T h e  sam e p ro d u c t, c o m p o u n d  III , is fo rm ed  in  th e  condensation  re a c tio n  
o f  6 ,7 -d im e th o x y -l,2 ,3 ,4 -te tra h y d ro iso q u in o lin e  (IV) w ith  fo rm ald eh y d e .

I l l

A ll th e se  reactions u n eq u iv o ca lly  s u p p o r t s tru c tu re  II.
F o rm a tio n  of I I  m a y  p re su m ab ly  be  c h a ra c te r iz e d  b y  th e  fo llow ing  

e le m e n ta ry  processes. R e a c tio n  o f  I  and  aqueous fo rm ald eh y d e  gives rise to  th e  
p se u d o b a se  V, w hich th e n  tra n s fo rm s  to  I I  v ia  a  m ech an ism  stu d ied  in  d e ta il  
an d  d e sc r ib e d  earlier [1].

T h e  hydroch lo ride  s a l t  o f  com pound I I  possesses a sign ifican t s p a s 
m o ly tic  e ffec t, how ever, i t  is m ark ed ly  to x ic  ( K n o l l ) .
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Experimental

1. ( l-O x o -6 ,7 -< liin e th o x y -l,2 ,3 ,4 -te trah y d ro iso q u in o lin y l-2 ) - (6 ,7 -d im eth o x y -l,2 ,3 ,4 -te tra h y d ro -
isoqu i i io l iny  1-2)- in e t  l i a n e  ( I I )

6 ,7 -D im eth o x y -3 ,4 -d ih y d ro iso q u in o lin e  (J; 5.00 g ; 26.2 m m ole) was d isso lv ed  in  e th a n o l 
(20 m l) a n d  a 26%  a q u eo u s  fo rm ald eh y d e  so lu tio n  (6 .10  m l; 56.3 m m ole) w as a d d e d . T h e  so lu
tio n  w as le t  to  s ta n d  a t  room  te m p e ra tu re  fo r six  d a y s , w hen  on scra tch ing  a  w h ite  c ry s ta llin e  
m a te r ia l  deposited . I t  w as filte red  off an d  w ash ed  w ith  3 X 10 ml e th an o l to  y ie ld  4 .00 g o f 
co m p o u n d  II , m .p . 158— 161°C. R e cry s ta lliza tio n s  fro m  fo u r tim es e th a n o l ra is e d  th e  m .p . 
to  163— 164°C. Y ie ld  3.85 g (71 .6% ).

C23H 28N 20 5 (412.47) Calcd. C 66.97; I I  6 .84 ; N  6.79 . F o u n d  C 66.92; H  6 .86 ; N  6 .7 8 % .

UV sp ec tru m : ^ M ethano l 
m ax :

269 n m  (log e — 3 .953) 
289 n m  (log E =  3 .918)

д N  HCI 
m ax :

271 n m  (log e =  4.037) 
286 n m  (log e =  3 .889) 
302 n m  (log e =  3.883)

]R  sp ec tru m : K B r
V m ax :

1649 cm - 1  (c a rb o x a m id e  CO).

H y d roch lo ride  (from  e th an o l): m .p . 175— 176°C.
C28H 29N 20 6C1 (448.92). Calcd. C 61.53; H  6 .51 ; N  6.24. F o u n d  C 61.27; H  6 .44 ; N  5 .9 6 % . 
M ethiodide: C o m pound  I I  was allow ed to  s ta n d  in  n itrobenzene  w ith  1 e q u iv a le n t  

m e th y l  iodide a t  ro o m  te m p e ra tu re  for 5 d ay s to  d e p o s it 77.8%  of th e  m eth io d id e , m .p . 221—  
222°C (d .).

C24H 8lN 20 5I  (554.42). Calcd. C 51.98; H  5 .63 ; N  5.05% . F o u n d  C 5 1 .7 2 ; H  5 .58 ; N
4 .94% .

2. B is-(6 ,7 -d im eth o x y -l,2 ,3 ,4 -te trah y € lro iso q u in o lin y l-2 )-m eth an e  (1П )

(a )  L ith iu m -a lu m in iu m -h y d rid e  (0.80 g; 21.2 m m ole) was refluxed  in  ab s. e th e r  (100 m l) 
for 30 m in . in a fla sk  eq u ip p ed  w ith  a m echan ical s t i r re r ,  d ro p p in g  funnel an d  re flu x  co n d en ser, 
a n d  th e n  com pound I I  (1.85 g; 4.50 m m ole) w as a d d e d , w ith  stirrin g  an d  cooling , in  p o rtio n s . 
S tir r in g  w as c o n tin u e d  fo r a fu r th e r  30 m in . a t  ro o m  te m p e ra tu re  and fo r 4 h rs . a t  re f lu x  te m 
p e ra tu re . A fter cooling , w a te r  (1 m l), 20%  a q u eo u s  N a O H  (1 m l), an d  w a te r  (3 m l) a g a in  w ere 
ad d ed  to  th e  re a c tio n  m ix tu re .

T he so lv en t w as e v ap o ra te d  and  th e  resid u e  e x tra c te d  w ith  h o t e th a n o l (50 -f- 20 m l). 
A fte r  f i ltra tio n  th e  e th a n o l so lu tion  w as c o n c e n tra te d  to  one h a lf o f its  o rig in a l v o lu m e  and  
k e p t  in  a  re fr ig e ra to r fo r several hours to  d e p o sit c ry s ta ls , w hich w ere co llected  a n d  w ash ed  
w ith  3 X 3 ml e th a n o l to  y ield  1.40 g, p ro d u c t, m .p . 123— 126°C. R e c ry s ta lliz a tio n  fro m  tw o 
p a r ts  o f e th an o l gav e  1.25 g (67 .8% ) of th e  w h ite  c ry s ta llin e  base I I I ,  m .p . 126— 127°C.

C 23H 30N 2O4 (398.49). Calcd. C 69.32; H  7 .59; N  7.03. F o u n d  C 69.47; H  7 .59 ; N  6 .8 7 % .
D iliydrochloride (from  e th an o l); m .p . 241— 242°C. (d).
C23H 32N 20 4C12 (471.42). Calcd. C 58.59; H  6.84; N  5.94. F ound  C 58.34; H  6 .84 ; N  5 .8 5 % .
B is-m eth iod ide: C om pound I I I  w as a llow ed  to  s ta n d  in  n itrobenzene  w ith  2 e q u iv a le n ts  

o f m e th y l iodide o v e rn ig h t a t  room  te m p e ra tu re  to  d e p o s it 68.2%  b is-m eth io d id e , m .p . 234—- 
235°C (d).

C26H 36N 20 4I 2 (682.38). Calcd. C 44.00; H  5 .32; N  4.10. F ound  C 44.18; H  5 .38 ; N  3 .9 8 % . 
(b) Base IV  (2.35 g; 11.6 m m ole) w as d isso lved  in  e th an o l (8 m l) an d  p a ra fo rm a ld e h y d e  

(0.2 g ; 6.65 m m ole) w as add ed . T he m ix tu re  w as h e a te d  on  a w a ter b a th  fo r 2 h rs . T h e  w h ite  
c ry s ta ls  deposited  o n  cooling w ere co llected  a n d  w ash ed  w ith  3 X 5 m l o f e th a n o l to  y ield  
2.20 g o f th e  p ro d u c t, m .p . 125— 126°C w hich  on re c ry s ta lliz a tio n  from  tw o  p a r ts  o f  e th a n o l 
gav e  2.00 g (86 .4% ) o f  a  su b s tan ce , w hich w as id en tica l in  all respects w ith th e  p ro d u c t  o b ta in e d  
in p ro ced u re  (a).

*

T he a u th o rs  exp ress  th e ir  th an k s  to  th e  H u n g a ria n  A cadem y of Sciences fo r  su p p o r t 
o f th is  w ork , and  to  th e  M icroanaly tica l L a b o ra to ry  o f th e  D ep artm en t o f O rg an ic  C h em istry  
fo r  th e  m ic ro an a ly ses.
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BENZAZOLES, VIII*
6 ,7 -D IH Y D R O -5 -P H E N Y L -5 H -[l,3 ]-T H IA Z IN O [2 ,l-b ]-IM ID A Z O L E S  A N D  
2,3 -D IH Y D R O -l-P H E N Y L -lH -[ l,3 ]-T H IA Z IN O -[3 ,2 -a ]-B E N Z IM ID A Z O L E S

H .  O. H a N K O V SZK Y  and K . H l D E G

(Institu te  o f  Pharmacology, University Medical School, Pécs) 

R eceived  J a n u a ry  31, 1969

Im id azo le -2 -th io ls  (benzim idazo le-2-th io l, 5 ,6 -d im eth y I-b en zim id azo le -2 -th io l, 
4 ,5 -d ip h eny lim idazo le-2 -th io l) hav e  been re ac te d  w ith  3 -ch lo ro p ro p io p h en o n e  to yield 
3 -(im id azo ly lth io )-p rop iophenones. T he ke to n es a re  red u ced  w ith  so d iu m  b o rohydride  
to  th e  seco n d ary  a lcohols, th e n  th e  secondary  a lcohol g ro u p  is s u b s ti tu te d  b y  chlorine 
b y  tre a tm e n t w ith  SO C l2. T he 2 -[(3 -ch lo ro -3 -p h en y lp ro p y l)th io ] im id azo l de riv a tiv es 
undergo  se lf-a lk y la tio n  on  h e a tin g  in th e  presence of excess a lk a li, to  y ie ld  th e  corre
sponding  th iaz ino im idazo les.

In  co n tin u a tio n  o f  o u r series dealing  w ith  th e  p re p a ra tio n  a n d  reaction  
o f  benzazo le  d e riv a tiv e s , th e  p re se n t p a p e r describes a new  con d en sed  th iazino- 
im idazo le  ring  sy s tem .

W hen  e q u iv a le n t a m o u n ts  of an  im idazo le-2 -th io l (I) (benzim idazole-2- 
th io l, 5 ,6 -d im ethy lbenz im idazo le -2 -th io l, 4 ,5 -d ipheny lim id azo le -2 -th io l) and 
3 -ch lo rop rop iophenone are  re flu x ed  in  th e  p resence  o f an  a lk a li, S -a lky la tion  
ta k e s  p lace to  y ie ld  th e  co rrespond ing  su b s titu te d  o r cond en sed  im idazolyl- 
th io p ro p io p h en o n e  (II).

T he k e to  g ro u p  in  II can  he reduced  w ith  sod ium  b o ro h y d rid e  in  an h y 
d ro u s e th an o l to  o b ta in  th e  seco n d ary  alcohol, III.

* P a r t  V II: H A N K O V S Z K Y , H . O., H i d e g ,  К .: A c ta  C him . A cad . Sei. H u n g . 61, 69 (1969).
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T re a tm e n t o f  I I I  w ith  S0C12 in  ch loroform  resu lts  in  s u b s ti tu t io n  of the  
h y d ro x y l group b y  ch lo rin e ; th e  p ro d u c t is o b ta in ed  as th e  h y d ro ch lo rid e  salt, 
IV.

Y  N • HCl
SOCJ,

I I I  » Д  ; L  s —C H ,-C H 2—CH- 
I ■  I

H C1
IV

- o

W hen IV is t r e a te d  w ith  alkali in  e th an o l, th e  im ino g ro u p  a n d  th e  chlo
rin e  a to m  of th e  m olecu le  in te ra c t to  give a th iaz in o im id azo le  r in g  sy stem , (V).

T he com pounds p re p a re d  b y  th e  m e th o d  described  are  lis te d  in  T able I.

Experim ental

A ll m .p .’s w ere o b ta in e d  on a  B oetius m eltin g  p o in t a p p a ra tu s  a n d  a re  uncorrec ted . 
I R  spec tra  w ere d e te rm in e d  in  K B r disks, w ith  a  B eck m an  IR -4  sp e c tro p h o to m ete r. 
Several com p o u n d s o f eac h  ty p e  hav e  been  p re p a re d  b y  th e  sam e m e th o d , b u t  on ly  one 

exam ple  is given.
P e rtin e n t d a ta  re g a rd in g  each  com pound  are  reco rded  in  T ab le  I.

Type II
3-[(2-BeiizimidazolyI)thio]propioplienone (No. 1)

A solution  o f 15.0 g (0.1 m ole) o f benzim idazo le-2-tio l a n d  16.8 g (0.1 m ole) o f 3-chloro- 
p rop iophenone  in  300 m l o f  e th a n o l w as tre a te d  w ith  4.4 g (0.11 m ole) o f so d iu m  hydroxide 
d isso lved  in 20 ml o f w a te r . T h e  m ix tu re  w as re flu x ed  fo r 3 hrs.

A fte r cooling, th e  m ix tu re  w as d ilu ted  w ith  100 m l o f w a te r , w h en  th e  p ro d u c t p reci
p i ta te d .

T h e  crysta ls w ere f i lte re d  off and  w ashed  w ith  w a te r  to  rem ove N aC l, to  o b ta in  25.4 g 
(9 0 % ) o f th e  crude p ro d u c t.

KBrR e cry s ta lliz a tio n  g av e  a w h ite  c rysta llin e  su b s tan ce , m .p . 136— 137°C; V  m ax  3200 

c m ' 1 (N H ), 1700 c m - 1 (CO).

Type III
a-{2-[(2-Benzimidazolyl)thio] ethyl}henzyl alcohol (No. 2)

A suspension o f  14.1 g (0.05 m ole) o f  th e  ab ove  p ro d u c t (N o. 1) in  200 m l o f  an h ydrous 
e th a n o l w as tre a te d  w ith  3 g o f sod ium  b o ro h y d rid e  a n d  th e  re ac tio n  m ix tu re  w as refluxed 
fo r 3 h rs . T he com plex  w as decom posed  w ith  w a te r , th e  so lv en t e v a p o ra te d , a n d  th e  aqueous 
residue  e x tra c te d  w ith  ch loroform .

7* Acta Chim. Acad. Sei. H ung. 63, 1970
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T h e  chloroform  so lu tion  w a s  e v a p o ra te d  to d ry n ess in  v a c u u m . T he p ro d u c t w as re 
c ry s ta l l iz e d  tw ice  from  aqueous e th a n o l  to  give 10.7 g (7 5 % ) o f  N o. 2, as w h ite  c ry s ta ls , m .p . 
54 — 5 5 °C ; v K B t 3400 c m " 1 (O H ), 3100 c m " 1 (N H ).

Type IV
2 - [(3-C hloro-3-pheiiy lpropyl)th io]benzim idazo le  hyd ro ch lo rid e  (No. 3)

A  so lu tio n  of 14.2 g (0.05 m o le )  o f  th e  above p ro d u c t (N o. 2) in  100 m l o f ch loroform  
w as m ix e d  w ith  5 ml of S0C12 in  50 m l o f chloroform , an d  re flu x e d  fo r 3 h rs. T he so lv en t was 
e v a p o r a te d  u n d e r reduced p re ssu re , a n d  th e  residue ru b b e d  w ith  ace to n e  to  give th e  p ro d u c t 
in  8 7 %  y ie ld , m .p. 172— 174°C. A sa m p le  fo r analysis w as re c ry s ta ll iz e d  from  e th an o l—ace to n e  
1 : 1, m .p .  172— 174°C.

Type У
2 ,3 -D ih y d ro -l-p h e n y l- lH [l,3 ] th ia z in o [3 ,2 -a ]b e n z im id a z o le  (N o. 4 )

A  so lu tio n  of 8.5 g (0.025 m o le ) o f  th e  previous co m p o u n d  (N o. 3) in  100 m l o f  e th a n o l 
w as m ix e d  w ith  2.4 g (0.06 m ole) o f  so d iu m  hydroxide d isso lv ed  in  10 m l o f w a te r, a n d  th e  
m ix tu re  w a s  refluxed  for 1 h r.

T h e  p rec ip ita ted  NaCl w as f i l te r e d  o ff from  th e  h o t re a c tio n  m ix tu re . T he f i l t r a te  w as 
coo led  a n d  d ilu ted  w ith w a ter. T h e  a lm o s t  w hite  solid w hich  d e p o s ite d  w as filte red  o ff to  o b 
ta in  6 .0  g (9 0 % ) of the  desired  p ro d u c t ,  m .p . 120— 124°C.

T w o  recrysta lliza tio n s fro m  e th a n o l—w ater gave No. 4 as w h ite  c ry s ta ls , m .p . 126— 128°C.
*

T h e  a u th o rs ’ th an k s  a re  e x p re ss e d  to  Mrs. M. О тт, M rs. A. H alász  an d  Miss T . H uszár 
fo r th e  m ic ro an a ly ses and  te c h n ic a l a ssistance .

O lga H .  H a k k o v s z k y  

K á lm á n  H i d e g
P écs , R ákóczi ú t  2. H u n g a ry

A cta  C him . Acad. Sei. Hung. 63, 1970
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APPLICATION OF RADIATION POLYMERIZATION 
FOR THE PRODUCTION OF WATER-INSOLUBLE 

ENZYME PREPARATIONS
(SH O R T  C O M M U N IC A T IO N )

J. D obó

(Plastics Research Institu te, Budapest)

R eceived J u ly  9, 1969

T he p re p a ra tio n  o f w ater-inso lub le  en zy m es has a tta in e d  co n sid e rab le  
in te re s t in  re c e n t y ea rs  [1]. E nzym es b o u n d  to  inso lub le  carriers a c t as h e te ro 
genous specific  c a ta ly s ts  an d  can be used  successfu lly  b o th  in  a n a ly tic a l  an d  
p re p a ra tiv e  ch e m is try . I n  m ost of th e  p a p e rs  p u b lish ed , co v a len t b in d in g  of 
th e  p ro te in  to  a w ate r-in so lu b le  ca rrie r is b ro u g h t a b o u t, in  som e o th e rs  th e  
p hysica l e n tra p p in g  o f  th e  enzym e is u tiliz ed .

One o f th e  p h y sica l m ethods consists in  e n tra p p in g  th e  en zy m e in to  a 
crosslinked  n e tw o rk  o f a hyd roph ilic  p o ly m er as i t  form s. This m e th o d  seem s 
to  be u n iv e rsa l, sim ple , an d  b est su ited  fo r  p ra c tic a l  app lica tion .

As e n tra p p in g  m atrices  m ore or less c rosslinked  p o ly ac ry lam id e  gels 
p roved  to  be  especia lly  su itab le . F o r in it ia tio n  o f  th e  p o ly m eriza tio n  o f  a c ry l
am ide  an d  cro sslin k in g  agen ts, B e r n f e l d  a n d  W a n  used a re d o x -sy s te m  
a t  35°C [2]. F o r  lab ile  enzym es [3], p h o to in itia tio n  was proposed  to o .

In  th is  w ork  we re p o rt som e ex p e rim en ts  on  th e  e n trap p in g  o f  enzym es 
n to  ra d ia tio n  p o ly m erized  po ly acry lam id e  gels.

Experimental

R ecry s ta llized  ac ry lam id e  and  b isacry lam id e  w ere  used  as m onom ers a n d  lio p h y lized  
try p s in  as th e  enzym e.

T he in so lu b le  en zy m e w as p rep ared  —  un less  s ta te d  o therw ise  —  b y  d isso lv in g  200 m g 
o f acry lam id e  a n d  120 m g o f b isacry lam ide  in  10 m l o f  b o ra x  b u ffer so lu tion , to  w h ich  0 .1 — 10 
m g try p s in  h a d  b een  a d d ed . T h e  solu tions w ere d e a e ra te d  b y  b ubb ling  p u rified  a rg o n  fo r 15 
m in u tes  an d , in  som e co n tro l ex p erim en ts, b y  sea ling  o ff  in  h igh  v acu u m  a f te r  r e p e a te d  freez
ing  an d  th aw in g . I r ra d ia tio n  w as carried  o u t by  a  150 kV /Ю  m A  X -ray  a p p a ra tu s  a t  d o se  ra te s  
o f 2300 r /h r  a n d  4700 r/h r .

T h e  re su ltin g  gel co n ta in in g  th e  inso lub le  en zy m es w as cen trifuged  a n d  w ash ed  re 
p ea ted ly  in th e  c en trifu g e  u n til  no a c tiv ity  could  be  d e te c te d  in  th e  wash w a te r (6 — 8 w ash ing  
cycles). T he a c t iv ity  w as d e te rm in ed  by  a casein d ig es tio n  m eth o d  (30 m in u tes  d ig es tio n  tim e 
a t  40°C) th ro u g h  co m p ariso n  w ith  th e  a c tiv ity  o f 0 .0 2 — 0.03 m g of pure  try p s in . T h e  a c t iv ity  
o f th e  enzym e p re c ip ita te  w as d e term ined  in a s im ila r  m a n n e r , good co n tac t b e tw ee n  so lu tion  
and  p re c ip ita te  be ing  en su red  by  slow b u b b lin g  o f  a rg o n .
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R esults

1. P o ly m erizatio n  re a c tio n

P u r e  acry lam id e, w h en  th o ro u g h ly  degassed , p o ly m erize s spo n tan eo u sly  ev en  in  th e  
ab sen ce  o f  in it ia to rs  [4]. I n  th e  p resence  of ad d ed  su b s ta n c e s , how ever, a c ry lam id e  is m u ch  
less in c l in e d  to  sp o n tan eo u s p o ly m eriza tio n . In  fa c t,  in  th e  presence of enzym es, w e could  
n o t  o b se rv e  a n y  sp o n tan eo u s p o ly m eriza tio n . On th e  o th e r  h a n d , good d e ae ra tio n  is a  p re 
re q u is ite  fo r  low -dose p rocessing . W ith  good d e ae ra tio n  a n  o p aq u e  p re c ip ita te  beg in s to  fo rm  
w ith in  2 to  5 m in u te s  o f ir ra d ia t io n  even in  th e  p re sen ce  o f  enzym es.

E n z y m e s  som ew hat r e ta r d  th e  p o ly m eriza tio n  re a c tio n  (cf. T ab le  I). T h e  re ta rd in g  
e ffec t o f  c e r ta in  ad d itiv es on  th e  p o ly m eriza tio n  o f m o n o m e rs  in  aqueous so lu tio n  h as  b een  
s tu d ie d  a lre a d y  b y  Ch a r l e s b y  [ 5 ] .

Table I

Polym erization  o f 200 mg o f acrylamide +  120 mg o f  bisacrylamide in  10 ml o f borax buffer
(20°C, 4700 r/hr)

I r r a d ia t io n  tim e

%  p o ly m eriz ed

w ith o u t
t r y p s i n

w ith  10 m g of 
t r y p s i n

15 m in 80 63
30 m in 81 64

60 m in 91 75

3 hrs 100 100

2. M onom er com position

A s m o n o m ers, 200 m g o f acry lam id e  +  120 m g  o f  b isacry lam ide, an d  120 m g o f  b is 
a c ry la m id e  (w ith o u t ac ry lam id e) h a v e  been used . T h e  p re c ip ita te  ob ta in ed  fro m  th e  m ix tu re  
o f m o n o m e rs  w as easier to  h a n d le  a n d  req u ired  low er doses. A ccording to  p re lim in a ry  e x p e ri
m e n ts , h ig h e r  m onom er c o n ce n tra tio n s  ensure  h ig h er en zy m e  activ ities in  th e  p re c ip ita te .

3. R ad ia tio n  dam age o f  en zy m es

S o lu tio n s  o f enzym es are  k n o w n  to  be  sensitive  to  h ig h  energy  ra d ia tio n . A fte r  30 m in  - 
u te s  o f  i r ra d ia t io n  w ith  4700 r /h r ,  try p s in  so lu tions sh o w ed  a  m ark ed  decrease  w h ile  1— 2 
h o u rs  o f  i r ra d ia t io n  re su lted  in  a  s tro n g  decrease in  a c t iv ity .  I t  is assum ed th a t  la rg e  a m o u n ts  
o f m o n o m e rs  p ro v id e  effec tive  p ro te c tio n  ag a in s t th e  a t t a c k  o f free rad icals.

4 /  A c tiv ity  of th e  in so lub le  enzym es

T h e  b e h a v io u r  of th e  in so lu b le  p re p ara tio n s  can  b e  i l lu s tra te d  by  th e  follow ing ex am p le :
200 m g  o f acry lam ide  a n d  120 m g o f b isa c ry lam id e  w ere po lym erized  b y  3 h o u rs  o f 

i r r a d ia t io n  a t  0°C and  a t  a  dose r a te  o f  2300 r/h r , in  10 m l o f  a  b o rax  buffer, in  th e  p resen ce  
o f 1 m g  (I)  a n d  3 m g (II) o f try p s in ,  re spec tive ly . T h e  in so lu b le  enzym es w ere re p e a te d ly  u sed  
in  c ase in  d ig es tio n  te s ts ; in  3 a n d  9 su b seq u en t d ig es tio n s, I  a n d  I I ,  respec tive ly , h a v e  show n 
h ig h e r a c t iv i ty  th a n  0.03 m g o f p u re  try p s in . T he d ig es tio n s w ere  con tinued  an d  a f te r  12 cycles 
I  sh o w e d  o n ly  a  poor, w hile  I I  a  r a th e r  good a c tiv ity .

O n  th e  n e x t d ay , a  d is t in c t  reg en e ra tio n  o f th e  e n zy m e  a c tiv ity  was obse rv ed . T h e  d i
g e s tio n  te s ts  h a v e  been  co n tin u ed  to  a  to ta l  o f 50 cycles d u r in g  8 days a fte r w h ich  I  h a s  co m 
p le te ly , a n d  I I  p a r tly  lo st i ts  a c t iv ity .  A  reg en e ra tio n  o f  th e  a c tiv ity  has been  o b se rv ed  a f te r  
each  n ig h t  o f  s tan d in g . D u rin g  th e se  d igestion  e x p e rim e n ts  th e  insoluble en zym es su ffe red  
a th e r m a l  t r e a tm e n t  o f 25 h o u rs  a t  40°C. T he soluble t ry p s in ,  o n  th e  o th er h an d , lo s t  o v e r 90%  
o f i t s  a c t iv i ty  d u rin g  a  th e rm a l t r e a tm e n t  o f 4 h o u rs  a t  40°C.

P re p a ra t io n s  o f good a c t iv ity  h a v e  been  o b ta in e d  in  th e  presence of p o ly u re th a n e  foam s,
to o .
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D iscussion

A  g enera l d raw b ack  o f th e  e n tra p p in g  o f enzym es in to  gels fo rm ed  
in  s itu  is th e  se n s itiv ity  o f enzym es a g a in s t free  rad ica l a tta c k . T h is  q u es tio n  
w ould  m e rit a closer e x a m in a tio n  since, p ro b a b ly , th e re  are d ifferences b e tw een  
enzym e a n d  m onom er re a c tiv itie s  a g a in s t d iffe re n t k inds o f free  rad ica ls . 
T o w ard  h y d ro x y l rad ica ls , b o th  ac ry lam id e  [4] a n d  try p s in  [6] seem  to  be 
espec ia lly  reac tiv e . As m onom er an d  enzym e co m p e te  for th e  free ra d ic a ls , it 
seem s to  be  adv isab le  to  w ork  w ith  excess m o n o m er, no t co n d u c tin g  th e  p o ly 
m eriza tio n  to  100 p e r c en t conversion .

R a d ia tio n  in itia tio n  h as  tw o  d is tin c t a d v a n ta g e s  over chem ical in itia tio n . 
T h e  f irs t  one is th e  b e t te r  h e a t  con tro l.

I n  p o ly m eriza tio n  reac tio n s , as in  a n y  p rocess w here consid erab le  h e a t  is 
evo lved  a n d  w here th e  re a c tio n  is acce le ra ted  b y  h ig h e r te m p e ra tu re s , th e re  is a 
d an g e r o f  th e rm a l explosion , i.e. su d d en  acce le ra tio n  and  o v e rh e a tin g . T he 
te m p e ra tu re  rise  A T , w here  th is  a cce le ra tio n  occurs, is a f te r  S e m e n o v

w here  T x is th e  in itia l te m p e ra tu re , E  is th e  o v era ll a c tiv a tio n  e n e rg y  o f  th e  
re a c tio n , an d  R  is th e  gas c o n s ta n t [7]. F ro m  th is , th e  p a ra m o u n t im p o r ta n c e  
o f a low  ac tiv a tio n  energy  is obvious. T he a c tiv a tio n  energy of p o ly m e riz a tio n  
reac tio n s  is

E  =  E ,l2 +  E p -  E t\2

w here i, p  an d  t refer to  in itia tio n , p ro p a g a tio n  a n d  te rm in a tio n , re s p e c t iv e ly  
F o r th e  ra d ia tio n  p o ly m eriza tio n  of ac ry lam id e , w here  F,- =  0, an  a c tiv a tio n  
energy  o f  on ly  a b o u t 1.5 kcal/m ole h as  b e e n  fo u n d  [4]. M oreover, a t  h igh  
co n v ersio n , Ei generally  becom es h igher. T h u s , i t  can  be assum ed , t h a t  u n d e r  
o rd in a ry  cond itions th e  a c tiv a tio n  en erg y  o f ra d ia tio n  p o ly m eriza tio n  is close 
to  0 a n d  a sud d en  se lfaccelera tion  o f th e  re a c tio n  is im possible.

I n  case o f red o x  in itia tio n , th e  a c tiv a tio n  energy  of in i t ia t io n  m a y  be 
e.g. som e 14 kcal/m ole, an d  so th e  p o ly m e riz a tio n  reaction  h as  a n  o v era ll 
a c tiv a tio n  energy  of a b o u t 7 kcal/m ole. T h is is a low value, to o , b u t  w hen  
ju d g in g  th e  d an g er of o v erh ea tin g , one sh o u ld  ta k e  in to  ac c o u n t th e  h igh  
h e a t o f p o ly m eriza tio n  reac tio n s , th e  poor h e a t  tra n s fe r  o f gels e sp ec ia lly  a t  
h igh  conversion  an d  in  large  re a c tio n  vessels as well as th e  e x tre m e  th e rm a l 
s e n s itiv ity  o f enzym es. T he d an g er o f o v e rh e a tin g  w ith  redox  in i t ia to r s  has 
been  considered  b y  o th e r  au th o rs , to o  [3].
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T h e  second  a d v a n ta g e  o f  ra d ia tio n  in i t ia t io n  is th a t  i t  can  be  s to p p e d  a t  
a n y  m o m e n t an d  n o  u n d ecom posed  in i t ia to r  rem a in s  in  th e  p re p a ra tio n . 
C h em ica lly  in it ia te d  p o ly m eriza tio n  is se ldom  c o n d u c te d  to  d ead -en d , i.e. to  
c o m p le te  d eco m p o sitio n  o f th e  in itia to r . U p o n  deco m p o sitio n  th e  re m a in in g  in i
t i a to r  ca n  cause fu r th e r  d am ag e , its  co m p le te  e lim in a tio n  being  d ifficu lt, 
e sp ec ia lly  fro m  v iscous gels o r from  foam s, m em b ran es , etc.

*

T h e  a u th o r  is in d e b te d  to  M rs. D r. E . U d v a r d y - N a g y  o f th e  Gedeon R ic h te r  C hem ical 
W o rk s , B u d a p e s t,  fo r h e r  c o n tin u o u s  advices an d  h e lp  a n d  to  M rs. P . K á r p á t h y  fo r  h e r  te c h 
n ica l a ss is ta n ce .
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E xperim en ta l Therm odynam ics, Yol. I . E d . b y  J .  P . M cCullough an d  D - W . 
S c o tt, B u tte rw o rth s , L ondon , 1968. 606 pages

E x p erim en ta l T h erm o d y n am ics , V olum e I (C a lo rim etry  o f  N o n -reac tin g  S ystem s) 
p re p a re d  u n d e r th e  sp o n sorsh ip  o f th e  IU P A C  ( In te rn a tio n a l  U n ion  o f P u re  an d  A pplied  
C h em istry ) Com m ission on  T h erm o d y n am ics an d  T h e rm o ch e m is try  w as ed ited  w ith  th e  aim  
to  g ive  an  a u th o r ita tiv e  know ledge  on ex p erim en ta l th e rm o d y n am ics  to  co n tem p o ra ry  and  
fu tu re  sc ien tists  o f  th e  w orld . In  acco rdance  w ith  th e  su b - ti tle  o f  th e  book , th e  a u th o rs  deal 
w ith  th e  d e te rm in a tio n  o f th e  specific h e a t  o f su b stan ces in  d iffe re n t s ta te s  in  th e  ran g e  from  
th e  ab so lu te  zero u p  to  th e  h ig h es t te m p e ra tu re s  a tta in a b le  a t  p re sen t, a n d  d iscuss th e  m easu re 
m e n t o f  th e  change in  e n th a lp y  fo r va rio u s phase  tra n s fo rm a tio n s . T h e  c o n te n ts  o f th e  book 
d iffer su b s ta n tia lly  from  t h a t  o f “ E x p erim en ta l T h e rm o ch e m is try ” * w hich  d iscusses th e  de 
te rm in a tio n  of h ea ts  o f reac tio n s . T he book is d iv ided  in to  c h a p te rs  on  th e  b asis o f th e  ty p es  
o f ca lo rim eters a n d  th e  ra n g es  o f ap p licab ility  ( te m p e ra tu re , s ta te ) . T h o u g h  each  c h ap te r  
h as been  w ritte n  b y  a d iffe re n t a u th o r , th e  book is u n ifo rm  a n d  th e re  a re  no u n ju s tif ie d  o v e r
laps, w hile those  p re sen t, fu r th e r  a  b e tte r  u n d e rs tan d in g , as th e y  are  concerned  w ith  d ifferen t 
a sp e c ts  o f th e  sam e m e th o d  or a p p a ra tu s .

T h e  p rincipal fu n d a m e n ta l physical q u a n titie s  m ea su re d  in  ca lo rim e try  a re  tem p e ra tu re , 
en erg y  and  m ass. T here fo re , th e  general h is to rica l su rv ey  is  fo llow ed b y  tw o  c h ap te rs , o f w hich 
one is d ev o ted  to  th e  m ea su re m e n t o f te m p e ra tu re , th e  o th e r  to  t h a t  o f energy . I t  becom es 
c lear fro m  th e  d iscussion  th a t  w hile  a im ing  a t  h igher a cc u rac y , th e  d ifficu lties o f th e  m easu re 
m en t increase  ex p o n en tia lly . T o d ay , th e  h ig h est a tta in a b le  a cc u rac y  is a b o u t  0 .01% .

T h e  fo u rth  c h a p te r  deals w ith  th e  general a sp ec ts  o f  c a lo rim e te r  design  an d  w ith  gen 
eral tech n iq u es in  th is  fie ld . T h is he lps researchers to  se lec t o r to  design  th e  m o st su itab le  
ca lo rim e te r for th e  so lu tio n  o f a g iven  p rob lem . C o n sid e ra tio n  o f h e a t  flow  fo rm s th e  b a ck 
bone o f  th is  ch ap te r , b ecau se  i t  is be lieved  th a t  lack  o f  u n d e rs ta n d in g  of h e a t  flow  is th e  
source  o f m ost e rro rs  in  a cc u ra te  ca lo rim etry .

T h e  follow ing te n  c h a p te rs  d iscuss special k in d s o f  c a lo rim e te rs . T h e  a u th o rs  o f these  
c h a p te rs  give a d e ta iled  d esc rip tio n  o f a few  c h ara c te ris tic , w ell-fu n c tio n in g  in s tru m e n ts  from  
th e ir  special field  o f re sea rch , an d  a sh o rt general su rv e y  o f o th e r  in s tru m e n ts . T h u s, th e  
book  is a  fo r tu n a te  c o m b in a tio n  o f e v e ry th in g  th a t  is ex p ec te d  fro m  a good te x tb o o k  a n d  
an  e x h au s tiv e  h a n d b o o k . F o r  a  b e tte r  u n d e rs tan d in g , th e  a u th o rs  give th e  necessa ry  th e rm o 
d y n a m ic  re la tio n sh ip s , d e ta ile d  in s tru c tio n s  for ca lcu la tio n s, a n d  even  n u m erica l exam ples.

G y . R ácz

A n n u a l Review o f  N M R  Spectroscopy. E d ite d  b y  E . F . M ooney. A cadem ic 
P ress, L ondon an d  N ew  Y o rk , 1969. 467 pages

A fter th e  fav o u ra b le  recep tio n  o f th e  f irs t  vo lum e of th is  series, i t  w as on ly  n a tu ra l  
th a t  read ers  in te res ted  in  th is  field  o f science looked fo rw ard  to  th e  p u b lish in g  of fu r th e r  vol- 
lum es. T he h igh  s ta n d a rd  o f th e  second volum e an d  th e  ca re fu l se lec tion  of m a te ria l com e up

* Vol. I. E d ito r  F . D . R o s s in i, 1956 
Vol. I I .  E d ito r  H . A. S k in n e r , 1962.
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to  th e s e  e x p ec ta tio n s  in ev ery  re sp e c t. T h e  book offers v a lu ab le  gu id an ce  to  ch em ists  to  find  
th e ir  w a y , in  th e  stead ily  sw elling  sea  o f d a ta  on N M R  spectroscopy .

O b v io u sly , i t  is m ore or less  a  m a t te r  o f in d iv id u a l op in ion , w hich  p a p e rs  should  be 
re v ie w e d  o u t  of th e  im m ense n u m b e r  o f  p u b lica tio n s  dealing  w ith  N M R  sp ec tro sco p y . The 
e d ito r  h a s  g iven  an  exam ple  o f e x ce lle n t d isc rim in atio n  in  th is  re sp ec t. C o m p ared  w ith  th e  
f i r s t  v o lu m e , m uch g rea ter e m p h a sis  is la id  here on th e  m ag n e tic  sp ec tro sco p y  o f  n ucle i o th e r 
t h a n  p ro to n s  (nitrogen, p h o sp h o ru s , e tc .) . T h is b ra n ch  of N M R  sp ec tro sco p y  is s te a d ily  ga in 
in g  im p o r ta n c e  in s tru c tu ra l a n a ly s is .

T h e  f ir s t  chap ter (P . B l a d o n : G enera l R eview  of P ro to n  M agnetic  R eso n an ce , pp . 34) 
g iv es a  rev iew  of recen t te c h n ic a l d ev elo p m en ts , a n d  su rv ey s th e  fa c to rs  a ffe c tin g  chem ical 
s h if t  a n d  coupling  co n stan ts . S p ec ia l a tte n tio n  is p a id  in  th is  c h a p te r  to  e q u ilib riu m  problem s, 
su c h  a s  k e to -en o l tau to m erism , s tu d ie d  b y  PM R  tech n iq u es.

T h e  second c h ap te r  (T . D . I n c h : N M R  S pec tro sco p y  in th e  S tu d y  o f C arb o h y d ra tes  
a n d  R e la te d  C om pounds pp . 47) d e a ls  w ith  th e  co n fo rm atio n , co n fig u ra tio n  a n d  o th e r  s tru c 
tu r a l  p ro b le m s of c a rb o h y d ra te s  a n d  th e ir  d e riv a tiv e s, e.g. nucleosides.

T h e  th ird  chap ter (J. Ronayne a n d  D. H. W il l ia m s : S o lv en t E ffec ts  in PRM Spec
tro s c o p y , p p . 41), discussing th e  ro le  o f  so lven ts , is of p a r tic u la r  in te re s t  a n d  v e ry  usefu l in 
th e  e v e ry d a y  practice  o f NMR sp ec tro sco p y .

T h e  fo u rth  c h ap te r  (E . F . M o o n e y  an d  P . H . W in s o n : N itro g en  M agnetic  R esonance 
S p e c tro sc o p y , pp. 27) review s th e  ro le  o f n itro g e n ; i t  is follow ed b y  th e  f if th  p a r t  (E . F . M o oney  
a n d  P . H . W in so n : C arbon-13 N M R  S p ec tro sco p y ; C arbon-13 C hem ical S h ifts  a n d  C oup
lin g  C o n s ta n ts , pp. 65), w hich  c an  be  p a r tic u la r ly  reco m m en d ed  to  o rg an ic  chem ists . M any 
c h e m is ts  do  n o t pay  due a t te n tio n  to  th e  carbon-13  sa te llite  signals a p p ea rin g  in  sim ple  PM R  
s p e c tra ,  th o u g h  their s tu d y  m a y  y ie ld  v e ry  v a lu ab le  in fo rm a tio n , as i t  is show n in  th is  ch ap ter.

T h e  s ix th  chap ter (W . G. H e n d e r s o n  an d  E . F . M o o n e y : B oron-11 N M R  S p ec tro 
sc o p y , p p . 72) deals w ith  th e  s p e c tra  o f te tra c o v a le n t he te ro cy c lic  an d  o th e r  b o ro n  com 
p o u n d s .

T h e  n e x t p a r t  (R . A. D w e k , R . E . R ich a rd s  an d  D. T a y l o r : N u c lea r E le c tro n  D ouble 
R e so n a n c e  in  L iquids, pp . 49) h e lp s  to  a b e tte r  u n d e rs tan d in g  o f th e  co n cep t o f n u c le a r Over- 
h a u se r  e ffe c t, and illu s tra te s  th e  scope  of i ts  app lica tio n s . T his m eth o d  is n o t  y e t  in  general 
u se  in  ch em ica l labo ra to ries, h o w ev er, th is  su rv ey  o f th e  possib ilities is v e ry  u sefu l.

T h e  la s t  chap ter ( J .  F . N ix o n  a n d  A. P id c o c k : Phosphorus-31  N M R  S p e c tra  o f Co
o r d in a t io n  Com pounds, pp . 76) d ea ls  w ith  th e  s tru c tu ra l in v es tig a tio n  o f co m plex  com pounds 
c o n ta in in g  phosphorus.

T h e  book , im peccable also  fro m  th e  v iew p o in t o f p rin tin g  tec h n iq u es , is com pleted  
w ith  a n  A u th o r  and S u b jec t In d e x .

Cs. Szántay
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ACTA C H IM IC A

TOM  63— В Ы П . 4

РЕЗЮМЕ

Полярографические и вольтамперометрические свойства соединений
Te(IV) и Te(VI)

Ф . ВАЙД А

При изучении ионов (Te(IV) и Te(VI) на ртутном капельном электроде и на электроде 
висячей ртутной капли, для обоих ионов было найдено появление анодной волны при поло
жительных потенциалах и пары анодно-катодных вольтамперометрических пиков. На 
циклических вольтаграммах, снятых в области потенциалов, соответствующих процессам 
восстановления, помимо пиков восстановления наблюдаются также максимумы. Процессы, 
сопровождаемые образованием твердой пленки, могут быть использованы для определения 
теллура с помощью растворяющей вольтамперометрии, тем самым повышая чувствитель
ность полярографического определения теллура.

Изменение энтальпии при смешении уксусной кислоты с четыреххлористым
углеродом, I

я. лиси

Изучались волюметрические свойства смесей уксусной кислоты с четыреххлори
стым углеродом. Было найдено, что на величину молярного объема уксусной кислоты, как 
смеси, состоящей из мономера и димера, при 20°С сказывается контракция. Жидкой фазе 
приписывалось квазикристаллическое строение. Было установлено, что смесь уксусной 
кислоты с четыреххлористым углеродом можно моделировать как кубическую решетку 
центрированную на плоскость. Эти результаты используются во второй части сообщения, 
где рассматривается изменение энтальпии при смешениее уксусной кислоты с четырех
хлористым углеродом.

Изменение энтальпии при смешении уксусной кислоты с четыреххлористым
углеродом, II

я. лиси

Рассматривая номинально бинарную смесь уксусной кислоты с четыреххлористым 
углеродом как трехкомпонентную типа А—А2—В, определялись средние энергии взаимо
действия между действительными компонентами, а также энергии обмена. При расчете 
изменения энтальпии при смешении учитывались смещение равновесия ассоциации и 
различные энергии взаимодействия молекул. Для проверки расчетов экспериментально 
определялись изменения энтальпии для случая изотермического смешения при 20°С.

Изучение адсорбционных явлений на платинированной платине методом 
радиоактивных индикаторов, I. Экспериментальная методика и адсорбция

H2SO,
Я . Ш О Л Т , Д ь . Х О Р А Н И  и Ф . Н А Д Ь

Был разработан метод изучения адсорбционных явлений на платиновом электроде с 
помощью техники изотопов с мягким /3-излучением.

Анализировалось влияние параметров оборудования на систематическую погреш
ность измерений.



Изучалась адсорбция иона И SO ~4 в Ш-ом растворе НС104 в зависимости от потен 
циала электрода. На основе измерений было установлено:

1. Адсорбция ионов [ ISO 7, является специфической. Величина адсорбции зависит от 
потенциала электрода и от концентрации [HSO- ].

2. Адсорбция HSO_4 является обратимой при потенциалах более отрицательных, чем 
750 мв и необратимой при потенциалах больших, чем 750 мв.

3. Зависимость величины адсорбции от концентрации в области 10~7 +  10~4 моль/л 
описывается суммой трех изотерм типа Лангмюра, отвечающих трем типам активных цен
тров с различной адсорбционной силой. Количество адсорбата, необходимого для насыще
ния центров различной активности, (Г,°) является функцией потенциала.

Изучение структуры связей соединений, содержащих аллил-кремниевую
группу

Й. Н А Д Ь  Й. РЕ Ф Ф И  и П . Э Л И А Ш

С целью определения структуры аллил-кремниевой (и аллил-германиевой) группы 
проводились приблизительные квантово-химические расчеты относительно структуры 
<5- и „-связей триметил-аллил-силана и 1-триметил-силил-циклопентена-2. Расчеты пока
зали, что в триметил-аллил-силане, гиперконъюгационное влияние СН2-группы а также 
длинная связь между атомом кремния и атомом углерода, находящимся в /3-положения к 
нему, оказывают совместное влияние, так что связь между атомом кремния с соседним 
атомом углерода обладает характером „-связи на 8%, а длинная связь обладает характером 
„-связи на 3,5%. В циклических же соединаниях аллильного типа характер „-связи еще 
выше. Расчетное значение результирующего дипольного момента триметил-аллил-силанов 
равно 0,448 D, что находится в хорошем согласии с экспериментальным значением, равным 
0,58 D.

Об ИК и ЯМР спектрах молекул [(CH3)oN]„S, [(СН3) „N]„SO, 
[(CH3)2N]oSO, и  (CH3)2NS02C1.

Ф. Т Ё Р Ё К , Е . П А Л Д И , Ш. Д О БО Ш  и Г . Ф О Г А Р А Ш И

Снимались ИК и ЯМР спектры молекул [(CH3)2N]2S, [(CH3)2N]2SO, [(CH3)2N]2S 02 и 
CH3)2N S 02CI. Частота связи S—N в ИК спектрах оказалась слишком высокой по сравнению 
с ожидаемой, а частота симметричного растяжения связи С—N — слишком низкой. На 
основе спектров, соединения по силе связи р„— d„ могут быть расположены в следующем 
ряду:

[(CH3)2N],SO <  [(CH3)2N]2S02 <  (CH3)2NS02C1.

Молекула [(CH3)2N]2S ни по ИК, ни по ЯМР спектрам не может быть включена в ожидае
мый ряд спектроскопических данных изученных соединений.

Введение ароматических соединений в качестве включений в дезоксихолевую
кислоту

3 . Ч Ю Р Ё Ш , Д ь .  Д Э А К  И  М. К И Ш Ш -Н О В А К

В дезоксихолевую кислоту с темп. пл. 174°С, свободную от жирных кислот, что 
подтверждалось тонкослойной хроматографией, вводились включения с помощью различ
ных, включаемых компонентов (бензол и его девять жидких, замещенных производных). 
Состав определялся с помощью ультрафиолетовой спектроскопии Было установлено, что 
с увеличением количества включемого компонента отношение дезоксихолевой кислоты к 
включенному компоненту в соединении с включениями приближается к значению 2 : 1 ,  
но, однако, не достигает этого значения даже и при большом избытке включаемого ком
понента.



Было обнаружено образование смешанного соединения одновременно с двумя 
включаемыми компонентами. Отношение компонентов во включении определяется, с одной 
стороны, отношением компонентов в смеси растворителей, применяемых для включения, а с 
другой стороны, относительной стабильностью включаемых компонентов. Относительная 
стабильность определялась для охарактеризования сродства дезоксихолевой кислоты 
отдельным компонентам смеси при прочих равнык условиях. Стабильность соединений с 
включениями зависит также от величины молекулы компонента включения и от его ди
польного момента.

Исследования в области ароматических сульфенилхлоридов, I
Взаимодействие сульфенилхлоридов с алкилтиосульфатами 

и ксантогенатами
Ф .К Л И В Е Н И , Е . В И Н К Л Е Р  и А. Е. Ш Т А Й Е Р-С А Б О

Было установлено, что О-арилсульфенил-Б-алкилтиосульфаты образуются лишь в 
небольших количествах при взаимодействии сульфенилхлоридов с алкилтиосульфатами. 
Продукты неустойчивы и при потере трехокиси серы переходят в дисульфиды.

При взаимодействии арилсульфенилхлоридов с ксантогенатами образуются с хоро
шим выходом (алкокси-тиоформил)-арилдисульфиды. Эти соединения представляют собой 
желтые масла, которые могут быть хорошо очищены хроматографическим путем. Под 
влиянием тепла они разлагаются на соответствующие тиофенол и олефин с выделением при 
этом карбонил-сульфида и серы. (Алкокси-тиоформил)-арил-дисульфиды обладают высо
ким селективным антимикробным действием на Грам — положительные микроорганизмы

Некоторые данные к химии гетероцикличных псевдоосновных 
аминокарбинолов, XXXVII

Реакция 6,7-диметокси-3,4-дигидро-изохинолина с формальдегидом
Д ь. к а л а у ш , л . Т Ё К Ё  и  ч . с а н т а и

Изучалась реакция 6,7-диметокси-3,4-дигидроизохинолина с формальдегидом и 
j оказалась структура образующегося продукта.

Бензазолы, VIII
6,7-Дигидро-5-фонил-5Н-[1,3] тиазино [2,1-6] имидазолы и 2,3-дигидро- 

1-фенил-1Н-[ 1,3] тиазино-[3,2-а] бензимидазолы.
X . О. Х А Н К О В С К И Й  и к. Х И Д Е Г

Имидазол-2-тиолы (бензимидазол-2-тиол, 5,6-диметил-бензимидазол-2-тиол, 4,5- 
дифенил-имидазол-2-тиол) реагируют с 3-хлоропропиофеноном, образуя 3-(имидазолил- 
тио)-пропиофенон.

С помощью борогидрида натрия кетон восстанавливается до вторичного спирта.
Вторичная спиртовая группа замещалась с помощью SOCl2 на хлор и получаемое 

2-[(3-хлоро-3-фенилпропил)-тио] имидазола подвергалось самоалкилированию путем 
нагрева последнего в присутствии избытка щелочи, образуя при этом соответствующий 
тиазиноимид-азолы.
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