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COMPLEX FORMATION BETWEEN URANYL(VI) AND 
THIOPROPIONIC ACID

M . B .  M lSH R A  and  H . L .  N ig a m  

(C hem ical Laboratories, U niversity o f  A llahabad, A llahabad)

R eceived  M ay 29, 1967

T hiop rop ion ic  acid (h e re a f te r  a b b rev ia ted  as T P A ) has been described  
as a ligand  to w a rd s  tra n s itio n  m e ta l ions [1 —5 ], b u t  no  sy s tem atic  s tu d y  o f its  
d o n o r c h a rac te ris tic s  has b een  rep o rted . P a r t ic u la r  in te re s t  is a tta c h e d  to  th e  
system  U 0 2(V I)-T P A . In  th e  p re sen t w ork an  e ffo rt has been  m ade to  g a th e r  
som e in fo rm a tio n , a t  le a s t in  a se m i-q u a n tita tiv e  m an n e r, regard ing  th e  
com plex  fo rm a tio n  b e tw een  u ran y l(V I) an d  T P A . P o te n tio m e trie  stud ies in  
so lu tion  rev ea l 1 : 2 U 0 2(V I) : T P A  s to ich io m etry . T h e  com plex has been  
iso la ted  as a ye llow  solid w h ich  show s th e  sam e com position . I t  has been c h a r 
ac terized  by  in f ra re d  an d  m ag n e tic  m easu rem en ts .

Experimental

A p p ara tu s and m ate ria ls

All th e  chem ica ls used  w ere A n a la R  ( B D H )  re a g e n t g rade. T P A  was an  E va n s  
( Chemetics In c ., N .  Y . )  p ro d u c t o f 99 .2%  p u rity . I t s  fresh ly  p re p a re d  solu tions w ere u sed  
w henever needed  a n d  were s ta n d a rd iz e d  iodom etrically . M agnetic  m easu rem en ts w ere done 
b y  G ouy's m eth o d , u sing  m e rc u ry (II)  te tra th io c y a n a to c o b a lta te (I I )  as calib ra tin g  ag en t.

The e lec tro n ic  sp ec tra  w ere reco rded  on a P erk in — E lm er model-350 sp ec tro p h o to m eter 
u sing  K B r discs. T h e  IR  sp ec tra  w ere ob ta in ed  w ith  a  P erk in — E lm er model-350 a u to m a tic  
reco rd ing  sp ec tro p h o to m ete r, in  N u jo l m ull.

p H  t i t r a tio n s  w ere done w ith  a  Leeds and  N o rth ru p  p H -m e te r  supplied  w ith  an  a ll
pu rp o se  glass e lec tro d e , o p e ra ted  a t  220 Y m ains. P o te n tio m e tr ie  t it ra tio n s  were carried  o u t 
in  n itro g en  a tm o sp h e re , an d  on d ilu te  so lu tions to  a v o id  vo lu m e corrections. Sodium  p e rch lo 
r a te  an d  pe rch lo ric  acid  were ad d ed  to  m ain ta in  c o n s ta n t  ionic  s tre n g th . D ifferen t m ix tu re s  
o f m e ta l ion, lig a n d  an d  th e  b u ffe r  w ere t it ra te d  a g a in s t s ta n d a rd  a lkali. A p lo t o f th e  p H  
ag a in s t th e  vo lu m e o f a lkali u sed  gave  S-shaped cu rves, w h ich  w ere u tilized  for th e  ev a lu a tio n  
o f th e  com position  a n d  th e  stepw ise  s ta b ili ty  co n stan ts .

P re p a ra tio n  of th e  com pound

125 ml o f  0.1 M  T P A  w as a d d ed  to  25 m l o f 0.1 M  n ra n y l n i tra te  so lu tion , th e  p H  of 
th e  reac tin g  so lu tio n s being 4.5. Im m e d ia te ly  a fte r th e  a d d itio n  o f T P A , a  deep yellow co lo u ra 
tio n  appeared . T h e  yellow  so lu tio n  on  w arm ing gave a p a le  yellow  p re c ip ita te . This w as f i l
te re d  off, w ashed th re e  or fo u r tim e s  w ith  w ater, th e n  w ith  ace to n e , a n d  dried  a t  80°. T he com 
p lex  was in so lub le  in  w a te r  an d  in  o rgan ic  so lven ts. I t  decom posed  on  h eatin g  above 250°.

[U 0 2(C3H 50 2S), • (H 90 ) 2]; d iaq u o -b is-th io p ro p io n a to -u ran a te . Calcd. C 13.9; H  2 .7 ; 
U  46.10; S 10.4. F o u n d  C 9.01; H  2.14; U  46.3; S 10 .6% .
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Results and discussion

P o te n tio m e trie  s tu d ies  in  so lu tio n  reveal th e  1 : 2 U 0 2(V I) : T P A  sto i
c h io m e try . As is a p p a re n t from  F ig . 1, a sh ift of 1.00 m l is o b serv ed  in  curves 
В  a n d  C. 1.00 ml of N aO H  is req u ired  fo r  th e  n eu tra liza tio n  o f  th e  th ird  hyd ro -

F ig . 1. ( A )  5 m l 0.1 M  N aC 104 +  5 m l 0.01 M  HC104 +  140 m l w a te r ,
( B )  5 m l 0.1 M  N aC 104 +  5 m l 0.01 M  H C 1 0 4 +  25 m l 0.01 M  T P A  +  115 m l w a te r , 

(C )  5 m l 0.1 M  NaC104 +  5 m l 0.01 M  H C 104 +  25 m l 0.01 AT T P A  +  5 m l 0.01 M  U 0 2(VI> 
+  110 m l w a ter. S tre n g th  o f N aO H  =  0.1 M

gen ion , released d u rin g  co m p lex a tio n  w ith  T PA . T h is vo lum e o f N aO H  
co rresp o n d s to  th e  s tre n g th  of th e  m e ta l ion u tilized  in  co m p lex a tio n . The 
eq u iv a len ce  betw een  th e  m e ta l ion a n d  N aO H  is found  to  be  1 : 2. A gain , since 
one m olecule of N aO H  will n e u tra liz e  one p ro to n  of T P A , th e  equ ivalence  
b e tw een  th e  m eta l an d  T P A  is found  to  be  1 : 2. T he stepw ise s ta b ili ty  c o n s ta n ts  
log К г a n d  log K 2, h av e  been e v a lu a te d  b y  th e  m ethod  o f B j e r r u m  [9] as 
m odified  b y  I r v in g  an d  R o s s o t t i  [10] (T able  I).
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A nalyses of th e  so lid  com plex fo r i ts  m e ta l, su lp h u r, ca rb o n  an d  h y d ro g en  
c o n te n ts  confirm  th e  1 : 2 U 0 2(V I) : T P A  sto ich io m etry . T h e  com plex  is d ia 
m ag n e tic , as ex p ec ted  [8]. The a b so rp tio n  sp ec tra  (in  K B r disc [6]) show  fou r 
p eak s; 17250 c m -1 , 20600 cm ”-1, 23250 c m -1 an d  30200 c m -1 . O w ing to  
lack  of in fo rm atio n  o n  th e  sp ec tra  o f  U 0 2(V I) com plexes an d  th e  com plex  
n a tu re  o f sp littin g  o f  energy levels , b a n d  assignm en ts could n o t be  m ad e .

T ab le  I

pH n Pl
Stepwise stability 

constants

4.00 0.34 — 4.0345

4.50 0.55 — 5.0170

5.00 1.09 — 5.9686

5.50 1.37 — 7.0309 log =  3.7

6.00 1.67 — 7.9098 log K 2 =  7.4

6.50 1.70 — 8.9064

7.00 1.86 — 9.9541

7.50 1.91 — 10.9508

T h e in fra red  sp ec tru m  of T P A  show s b an d s  co rrespond ing  to  S — H , 
C = 0 ,  C — 0 ,  an d  C — S s tre tch in g  v ib ra tio n s  a t 2577 c m -1 , 1712 c m -1 , 1429 
c m -1 , respective ly . I n  th e  com plex u n d e r  in v es tig a tio n , th e  b a n d  correspond ing  
to  S — H  (2577 c m -1 ) d isappeared , w h ereas  th e  b a n d  co rrespond ing  to  C = 0  
s tre tc h in g  v ib ra tio n s  w as observed  to  h av e  sh ifted  to  th e  low er freq u en cy  o f 
1655 c m -1 . The b a n d  correspond ing  to  C— 0  s tre tch in g  frequencies w as o b se rv 
ed to  h av e  sh ifted  to  a h igher fre q u e n c y , 1434 c m -1 , in d ica tin g  fu r th e r  s tr e tc h 
ing  o f th e  bond . T h e  d isap p earan ce  o f  th e  b a n d  co rrespond ing  to  th e  S — H  
freq u en cy  and  th e  low ering  of th e  C — S s tre tch in g  freq u en cy  in d ica te  th e  coo rd i
n a tio n  th ro u g h  th e  su lp h u r  a tom , w h e reas  th e  low ering o f  th e  C =  0  s tre tc h in g  
freq u en cy  ind ica tes coo rd ina tion  th ro u g h  th e  ca rb o n y l oxygen  ( C = 0 )  of 
th e  carboxylic  g ro u p . J o n e s  [8] h as  o bserved  th a t  th e  u ra n y l g roup  itse lf  h as  
a b a n d  appearing  b e tw e e n  900—950 c m -1 , w hich  in  th e  p re se n t case is fo u n d  to  
a p p e a r a t  938 c m -1 , in d ica tin g  th e  p resen ce  o f th e  u ra n y l g roup . T he b a n d s  a t  
3278 c m -1 and  3639 c m -1  in th e  in f ra re d  sp ec tra  o f th e  com plex  are  d u e  to  
co o rd in a ted  w a te r m olecules.

O n th e  basis o f  th e se  o b se rv a tio n s  i t  seem s th a t  th io p ro p io n ic  acid  ac ts 
as a b id e n ta te  lig an d  in  th is  e ig h t-co o rd in a ted  u ra n iu m  com plex.

*

T he au th o rs  a re  th a n k fu l  to  a u th o r it ie s  o f N . C. L . Poona , In d ia , fo r p ro v id in g  lab o 
ra to ry  facilities for th e  sp e c tra l m easu rem en ts . T h an k s are  also due  to  C S I R , N ew  D elh i, I n -  
d ia , fo r  th e  aw ard  of fe llow ship  M . В . M .
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SU M M A RY

P o ten tio m etrie  s tu d ie s  in  so lu tion  h av e  rev ea led  th e  fo rm atio n  o f a  1 : 2 m eta l : ligand  
[ U 0 2(V I) : T PA ] com plex  (w here  T P A  s ta n d s  fo r th io p ro p io n ic  acid). T h e  stepw ise  s tab ility  
c o n s ta n ts  are log K t =  3.7 a n d  log K 2 =  7.4, an d  th e  co rrespond ing  free en erg y  of fo rm atio n  
is — 5.13 cal. (a t 30° C). T h e  co m plex  h as been  iso la ted  as a  yellow  solid w hich  show s th e  sam e 
co m p o sitio n  as in so lu tion . I t  h a s  been  ch arac te rized  b y  in frared  a n d  m ag n e tic  m easu rem en ts.
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THE USE OF AMMONIUM SULPHOSALICYLATE 
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(In stitu te  fo r  General and A n a ly tic a l C hem istry o f  the Technical U niversity , B udapest)

R ece iv ed  A ugust 10, 1967

In  o u r earlier p a p e r [1 ] an  ion -exchange ch ro m a to g rap h ic  m e th o d  was descri
bed  for th e  sep ara tio n  an d  p h o to m e tr ic  d e te rm in a tio n  o f  tra n s it io n  m eta l ions.

T he m eta l ions w ere s e p a ra te d  using  am m o n iu m  su lp h o sa licy la te  e lu tin g  
so lu tions of p H  5, a t  80°.

In  connection  w ith  th e se  sep a ra tio n s , th e  d e te rm in a tio n  of th e  s ta b ility  
co n stan ts  o f th e  su lp h o sa licy la te  com plexes of th e  tra n s i t io n  m eta ls  a t  80° 
seem ed to  be o f in te re s t.

T he m ethod  of ion  ex ch an g e  can  be u sefu lly  em p lo y ed  for th e  in v e s ti
g a tio n  o f th e  su lp h o sa licy la te  com plexes of b iv a le n t m e ta l ions. M etal ions 
fo rm  1 : 1 and  1 : 2, n e g a tiv e ly  ch a rg ed  com plexes w ith  su lphosa licy la te  ions 
w hich  in  p rinc ip le , are  n o t  b o u n d  b y  th e  cation  e x ch an g e r. Since th e  ligand  is 
m uch  la rg e r th a n  th e  m e ta l io n , th e  p e n e tra tio n  o f  th e  lig an d  in to  th e  resin  
ph ase  is negligible even a t  h ig h e r co n cen tra tions.

As v ir tu a lly  only  th e  free  m e ta l ions are  b o u n d  b y  th e  ca tio n  exchanger, 
th e  d is trib u tio n  coefficien t o f th e  m e ta l ion in th e  p resen ce  o f a com plexing 
ag en t depends, besides th e  io n -ex ch an g e  eq u ilib rium , o n ly  on th e  ligand  co n 
c e n tra tio n  and  s ta b ility  o f th e  com plexes form ed. W h en  a series o f ex perim en ts 
is perfo rm ed  in  w hich th e  lig an d  co n cen tra tio n  is v a r ie d  w hile  th e  co n cen tra 
tio n  of th e  co u n te r ion is k e p t c o n s ta n t  b y  th e  ad d itio n  o f  a n  in d iffe ren t a lkali 
sa lt, an d  th e  d is tr ib u tio n  coeffic ien ts  are  de te rm in ed , th e  s ta b ili ty  co n s ta n ts  
o f  th e  com plexes can  be c a lc u la ted  from  th e  d is tr ib u tio n  coeffic ien ts  and  ligand  
co n cen tra tio n s [2].

In  th e  absence of a co m p lex in g  ag en t — if  th e  a c t iv i ty  coefficients are 
d isreg ard ed  — th e  d is tr ib u tio n  coeffic ien t of th e  b iv a le n t ion  m ay  be ca lcu la ted  
as follows:

d =  K x 1 Ш -
l [Na]

w here К  is th e  a p p a re n t io n -ex ch an g e  equ ilib rium  c o n s ta n t  of th e  m e ta l and  
sod ium  ions, and  (N a ) a n d  [iVa] d en o te  th e  c o n c e n tra tio n s  o f sod ium  ions in  
th e  resin  an d  so lu tion , re sp ec tiv e ly .
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I n  th e  presence o f  a com plex ing  ag en t th e  d is tr ib u tio n  coeffic ien t is as 
fo llow s:

D  =  K X т Г ф
[ iV a ]  j

( 2)

w h e re  Ф is th e  mole fra c tio n  o f th e  free  m e ta l ion.
I f  th e  co n cen tra tio n  of sod ium  ions is k e p t c o n s ta n t d u rin g  th e  series of 

e x p e rim e n ts , and th e  d is tr ib u tio n  coeffic ien ts are d e te rm in ed  a t  v a ry in g  ligand
D

c o n c e n tra tio n s  and  also in  th e  absence  of a com plexing a g e n t, t h e ----quo tien ts
d

w ill b e  equal to  th e  rec ip ro ca l of Ф be long ing  to  th e  g iven lig an d  co n cen tra tio n . 
I t  m ean s  th a t

±  =  l  +  [ L ] ß 1 +  [ L P ß a = 4 “
D  Ф

( 3)

w h e re  [L ] is th e  c o n c e n tra tio n  o f free  ligand  and  ß r an d  ß 2 a re  th e  com plex 
p ro d u c ts  of th e  1 : 1 a n d  1 : 2 com plexes, respective ly .

T h e  com plex p ro d u c ts  can  be e v a lu a ted  b y  th e  g ra p h ic a l m ethod  of
D

L e d e n  [3] if  th e  c o r r e s p o n d i n g -----  a n d  [L] v a lu es  a re  k n o w n .
d

W e have d e te rm in ed  th e  d is tr ib u tio n  coefficients b y  m ean s of an  ion 
e x c h a n g e  colum n, f ro m  th e  re su lts  o f  e lu tio n  ex p erim en ts , s im ila rly  as we have 
d o n e  earlier [ l ] .T h e  e lu tin g  so lu tions th a t  w ere used  c o n ta in e d  v a rio u s  am ounts 
o f  a com plexing a g en t, b u t  th e  ionic s tre n g th  was in v a ria b ly  0 .5 , th e  p H  5, and  
th e  te m p e ra tu re  80°, in  all ex p e rim en ts . T h e  co n cen tra tio n  o f th e  e lu ted  m eta l 
ion  w as negligible in  a ll cases co m p ared  to  th a t  of th e  co m p lex in g  agent.

T h e  free lig an d  c o n c e n tra tio n  w as ca lcu la ted  b y  m ean s o f  th e  following 
e q u a tio n :

[L] =  A .  ( 4 )

w h ere  C^ is th e  a n a ly tic a l c o n c e n tra tio n  of su lphosalicy lic  acid  in  the  e luen t, 
a n d  а д  is th e  p ro to n a tio n  fu n c tio n  o f th e  ligand:

« * =  1 +  [ Я ] — + [ Я ] з
k 0 fco

+  [H ]3
fej k 2 k 3 ( 5 )

w h e re  k v  k 2 and  k 3 a re  th e  d issoc ia tio n  co n stan ts  o f su lphosalicy lic  acid.
Since th e  d isso c ia tio n  c o n s ta n ts  o f su lphosalicy lic  ac id  a t  80° were n o t 

k n o w n , we d e te rm in ed  th e m  b y  p H -m e tric  t i tra tio n . T h e  fo llow ing values were 
fo u n d  for th e  d isso c ia tio n  co n s tan ts :

log  =  — 1.52 
log  k 2 - —2.30
log k 3 =  - 1 0 .4 7  (80°; I  =  0.5)

Acta Chim. Acad. Sei. Hung. 57, 1968



GÁBOR-KLATSMÁNYI ct a t :  USE OF AMMONIUM SULPHOSALICYLATE 7

Experimental

Ion -exchange  colum n. A n ion  exchange colum n of 6.5 m m  d iam e te r an d  120 m m  le n g th  
w as p re p are d  o f Am berlite  CG-120 (100— 200 m esh) ion-exchange  resin . T he resin  w as t r a n s 
fo rm ed  in to  th e  sod ium  form  b y  1 M  sodium  chloride  so lu tion , a n d  w ashed  o u t w ith  w a te r . 
W a te r  o f 80 ° te m p e ra tu re  from  a th e rm o s ta t  w as c ircu la ted  in  th e  h e a tin g  ja c k e t o f th e  co l
u m n .

Stock so lu tions co n ta in ing  co p p er(U ), n ick e l(II)  and  c o b a lt(II)  ions. 0.01 M  so lu 
tio n s  w ere p re p are d  fro m  a n a ly tic a l g rade  sa lts  (see re ference [1]).

E lu tin g  so lu tions. A 0.5 M  so lu tion  was p rep ared  from  recry sta llized  su lphosa licy lic  
acid , an d  a k n ow n a m o u n t o f i t  a d ju s te d  to  p H  5 a t  80° b y  m eans o f c o n cen tra ted  so d iu m  
h y d ro x id e  so lu tion . T h e  so lu tion  w as fin a lly  d ilu te d  to  0.25 M .

0.5 M  sod ium  p e rch lo ra te  so lu tio n  was p re p are d  b y  n eu tra liz in g  1 M  perch loric  acid  to  
p H  5, an d  d ilu tin g  th e  so lu tion  to  a p p ro p ria te  vo lum e.

T h e  e lu tin g  so lu tions w ere  p re p a re d  from  th ese  tw o so lu tions so t h a t  th e  ionic s tre n g th  
w as 0.5 in  each case.

D e term in a tio n  of th e  d issoc iation  co n stan ts o f su lphosalicylic  acid. T he p H -m e tr ic  
t i t r a tio n s  w ere pe rfo rm ed  b y  m ean s o f a  R adelkisz  (H u n g a ry ) precision  p H -m e te r, w ith  g lass 
a n d  sa tu ra te d  calom el e lectrodes. T h e  p H -m e te r  w as ca lib ra ted  a t  80° w ith  so lu tions o f  k n o w n  
p H . T he follow ing so lu tions w ere  u sed : 0.05 M  p o tass iu m  te tra o x a la te  (p H  1.77); 0.05 M  p o 
tass iu m  hy d ro g en  p h ta la te  (p H  4 .16); p o tassiu m  hy d ro g en  te t r a te  sa tu ra te d  a t  25° (p H  3 .61); 
0.01 M  b o rax  so lu tion  (p H  8.89) [4].

50 m l 0.01 M  su lphosa licy lic  acid  co n ta in in g  0.5 M  sodium  p erch lo ra te  w as p ip e tte d  
in to  a  t i t r a t in g  fla sk  equ ip p ed  w ith  a h e a tin g  ja c k e t , an d  t i t r a te d  a t  80° w ith  0.1 M  so d iu m  
h y d ro x id e  s ta n d a rd  so lu tion , u n d e r  s tirr in g  an d  n itro g en  b u b b lin g . T he p H  values m ea su re d  
b y  th e  p H -m e te r w ere  reco rded  d u rin g  th e  t itra tio n . T he d issoc iation  c o n stan ts  o f su lp h o sa licy 
lic  acid  w ere ca lcu la ted  from  th e  t i t r a t io n  cu rve  a n d  from  th e  ionic  p ro d u c t o f  w a te r  (log К  =  
=  — 12.60 [5]), u sing  th e  g rap h ica l m e th o d  of S ch w a rzen ba ch  et al. [6].

D e term in a tio n  of d is trib u tio n  coefficients. T h e  e lu tio n  ex p erim en ts  were p e rfo rm ed , 
th e  m e ta l ions in  th e  e fflu en t d e te rm in ed  and  th e  v o lu m e tric  d is tr ib u tio n  coefficients c a lc u la t
ed fro m  e x p erim en ta l d a ta  (p o sitio n  of p eak  in th e  e lu tio n  d iag ram ; vo lum e of co lu m n ; v o id  
frac tio n ) , as descrih  ;d  earlie r [1]. T h e  d is tr ib u tio n  coefficients fo u n d  are  given in  T ab le  I .

Table I

Volum etric d istribu tion  coefficients o f  copper( I I ) , n ic k e l ( I I )  and c o b a lt f l l )  ions on cation  
exchange resin, at 80°C  and at varying  eluent compositions.

(Io n ic  s tre n g th  =  0.5)

Sodium sulpho- 
salicylate, mole/1 

(pH 5)

Distribution coefficients

DCu ÖNi D Co

0.25 2.0 25.2 24.7

0.15 3.6 34.2 33.6

0.10 5.1 40.3 40.8

0.05 10.1 49.0 52.8

0.025 18.4 — —

0.000 62.2 59.9 69.1

Results and discussion

T he q u o tien ts  w ere ca lcu la ted  from  th e  re su lts  o f ex p erim en ts  ca rr ied  

o u t  using  e lu tin g  so lu tions w ith  an d  w ith o u t a com plex ing  agen t. T h e  free
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8 GÁBOR-KLATSMÁNYI et al.: USE OF AMMONIUM SULPHOSALICYLATE

Fig. 1. D ete rm in a tio n  o f th e  com plex p ro d u c ts  o f co p p er(II) su lp h o sa licy la te  com plexes 
from  th e  d is tr ib u tio n  coeffic ien ts b y  g rap h ical m e th o d

Fig. 2. D ete rm in a tio n  o f th e  com plex p ro d u c ts  o f  n ick e l(II)  an d  c o b a lt(I I )  su lphosa licy la te  
com plexes fro m  th e  d is trib u tio n  co effic ien ts b y  g rap h ica l m e th o d

ligand  co n cen tra tio n s belonging  to  th e  v a lu es  w ere ca lcu la ted  b y  m eans of

E q . (4). T h en  th e  v a lu es  of

d

D
-  1

[ L ]

w ere p lo tte d  ag a in s t th e  free  lig an d  con

c e n tra tio n , [L], acco rd in g  to  L e d e n  (see F ig s  1 and  2). T ak in g  E q . (3) in to  
acco u n t, th e  in te rc e p t o f th e  line gives ß x, w hile th e  slope gives ß 2. T he  la t te r  
could  on ly  be d e te rm in ed  w ith  some u n c e r ta in ty  because of th e  sm all n u m b er 
of m easu rem en ts . T he fo llow ing values w'ere found  for th e  com plex  p ro d u c ts  b y  
th e  g rap h ica l m eth o d :

Acta Chim. Aead. Sei. Hung. 57, 1968



GÁBOR-KLATSMÁNYI et a!.: USE OF AMMONIUM SUI.PIIOSALICYLATE О

F or th e  system  c o p p e r(II)—su lp h o sa licy la te :

log f t  =  7.46 ±  0.2 
log ß2 =  12.9 i  0-5

F o r th e  system  n ic k e l(II)-su lp h o sa licy la te :

log f t  =  6.15 ±  0.2 
log ß 2 =  11.3 ±  0.5

F o r th e  system  e o b a lt(II) -su lp h o sa licy la te :

\o g ß 1 =  6.3 ±  0.2 
l o g f t  =  11.1 ±  0.5

T he above d a ta  a ffo rd  in fo rm ation  on  th e  ca lcu la tio n  o f ion-exchange c h ro m a to 
graphic p ro ced u res  p erfo rm ed  a t  80°.

SU M M A R Y

T he d issoc ia tion  c o n stan ts  o f su lphosa licy lic  acid  h av e  b een  ob tained  b y  p H -m e tr ic  
t i tra tio n , an d  th e  co m p lex  p ro d u c ts for th e  c o p p e r(II) , n ick e l(II)  a n d  co b alt(II) su lp h o sa lic y 
la te  com plexes d e te rm in e d  from  ion-exchange d is tr ib u tio n  ex p erim e n ts  a t  80° C, a t  an  io n ic  
s tre n g th  of 0.5. T h e  fo llow ing d a ta  w ere fo u n d : d issoc iation  c o n s tan ts

log f t  =  — 1.52; log f t  =  — 2.30; log k 2 =  — 10.47.

P ro d u c ts  for th e  c o p p e r(II)  com plexes: 
log f t  =  7.46 +  0 .2 ; log ft, =  12.9 +  0.5.
P ro d u c ts  for th e  n ic k e l( l l )  com plexes: 
log f t  =  6.15 +  0 .2 ; log f t  =  11.3 +  0.5.
P ro d u c ts  for th e  c o b a lt( I I )  com plexes: 
log f t  =  6.3 ±  0 .2 ; log f t  =  11.1 ±  0.5.
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THERMAL STABILITY OF CHLORINE OXY-SALTS 
IN THE SOLID STATE, IY*
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(R eaction K in e tica l Research Group o f  the H u n g a ria n  A cadem y o f  Sciences, Szeged)

R eceived J u ly  5, 1967

Introduction

T he th e rm a l decom position  of a lka li p erch lo ra tes  w as f irs t s tu d ied  b y  
M a r v i n  an d  W o o l a v e r  [1] w ith  th e rm o g rav im e tric  m e th o d s. S im ilar in v e s ti
g a tions w ere p e rfo rm ed  la te r  b y  G o r d o n  a n d  Ca m p b e l l  [2], as well as b y  
Ma r k o v i t z  et ál. [3, 4 ]. In  th e ir  in v es tig a tio n s  these  a u th o rs  e s tab lished  th e  
te m p e ra tu re  o f th e  o n se t o f decom positions, an d  M a r k o v it z  et al. even reg is
te re d  th e  h e a t  changes occurring  d u rin g  decom position , b y  m eans of d ifferen
t ia l  th e rm a l analy sis  (D T A ), and  d e te rm in ed  th e  a p p ro x im a te  m elting  po in ts  
o f  th e  su b stan ces .

D e ta iled  k in e tic  m easu rem en ts w ere p erfo rm ed  m ain ly  on p o tassiu m  p e r
ch lo ra te . T h e  d ecom position  has been described  b y  G l a s n e r  an d  W e i n d e n - 
f e l d  [5] u sin g  th e  m odified  P ro u t— T o m p k in s  ra te  eq u a tio n . B i r c u m s h a w  
[6] w as th e  f ir s t  to  p o in t o u t th a t  th e  re a c tio n  is k in e tica lly  ex trem ely  com plex , 
an d  th a t  th e  fu sion  o f th e  sub stan ce , th e  p o ta ss iu m  ch lo ra te  form ed d u rin g  
th e  d ecom position  an d  th e  accu m u la ted  decom position  p ro d u c t (po tassiu m  
chloride) p la y  a s ig n ifican t role in  th e  decom position . H a r v e y  et al. [7] d escrib 
ed  th e  d ecom position  o f po tassium  p e rch lo ra te  w ith  tw o f irs t  o rder eq u a tio n s; 
one refers to  a decom position  ta k in g  p lace in  th e  solid p h ase  an d  th e  o th e r  to  
th a t  in  th e  m o lten  p h ase . T he ac tiv a tio n  en e rg y  of th e  re a c tio n  —• s im ila rly  to  
th e  te m p e ra tu re  o f th e  decom position  — is g iven  ra th e r  d iffe ren tly  b y  th e  d if
fe ren t a u th o rs . G l a s n e r  and  S i m c h e n  [8] fo u n d  69 k ca l in  v acu u m , an d  
H a r v e y  et al. 70.5 k ca l fo r th e  reac tio n  in  b o th  phases. I n  c o n tra s t to  th is , 
R o d g e r s  a n d  W a s s i n k  [9] o b ta in ed  98.4 k ca l for th e  so lid -phase decom posi
tio n , and  80.7 fo r t h a t  in  th e  m olten  p h ase . T h e  effect o f  d iffe ren t c o n ta m in a 
tio n s  on th e  s ta b il i ty  o f p o tassium  p e rc h lo ra te  has been  p o in te d  o u t b y  S i m 
c h e n  [10].

A d e ta ile d  s tu d y  o f th e  decom position  o f lith iu m  p e rch lo ra te  h as  been  
ca rried  o u t b y  M a r k o v it z  and  B o r y t a  [11]. D ecom position  s ta r ts  a t  te m p e r
a tu re s  h igh  above th e  m elting  p o in t o f lith iu m  p e rch lo ra te , a t  ab o u t 390°; i t

* P a r t  I I I :  Z. p h y s. Chem. N. F . 57, 1 (1968).
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12 SOLYMOSI: THERMAL STABILITY OF CHLORINE OXY-SALTS, IV

is o f  a u to c a ta ly tic  c h a ra c te r  an d  follow s th e  P ro u t— T o m p k in s  ra te  eq u a tio n . 
F o r  th e  ac tiv a tio n  en e rg y  o f th e  acce lera tio n  period  an d  fo r th e  dece le ration  
s tag e  52.2 kcal an d  62 k ca l re sp ec tiv e ly , h av e  been  m easu red .

T h e  purpose o f th e  p re se n t s tu d y  h as  been to  fo rm  a general p ic tu re  
a b o u t th e  s ta b ility  o f p e rch lo ra tes , a b o u t th e  role of s tru c tu ra l  and  p h y sica l 
p ro p e rtie s  in  d e te rm in in g  th e  s ta b ili ty , an d  to  a sce rta in  th e  possible m e c h a 
n ism  o f th e  decom position . To th is  end , d e ta iled  k in e tica l m easu rem en ts h av e  
b e e n  m ade concerning th e  decom position  of a lkali p e rch lo ra tes  and  som e b iv a 
le n t  m e ta l p e rch lo ra tes , su p p lem en ted  w ith  d ifferen tia l th e rm a l a n a ly tic a l 
in v es tig a tio n s , m easu rem en ts  an d  ca lcu la tio n s of th e  p h y sica l p ro p ertie s  an d  
b o n d in g  o f th e  com pounds. In  th e  p re se n t p a p e r we re p o r t  on th e  re su lts  o b 
ta in e d  w ith  alkali p e rch lo ra tes .

Experim ental

P rep ara tio n  o f perch lorates

(a) L iC 104: H C 104 w as ad d ed  to  L i2C 0 3 in  e q u iv a le n t am o u n t, a n d  L iC 104 was recry sta llized  
fro m  th e  solu tion .
(b) N aC 104: com m ercial p u re  N aC I0 4 was rec ry s ta llize d  from  red is tilled  w a ter, d ried  a t  110°, 
a n d  pow dered .
(c) K C 1 0 4: M erck c.p. p ro d u c t  w as used.
(d ) R b C 1 0 4: H C 104 w as ad d ed  to  ( B D H )  R b N 0 3. T he so lu tion  w as e v ap o ra ted , an d  th e  o b 
ta in e d  solid  several tim es recry sta llized .
(e) CsC104: A h o t so lu tion  o f Cs2S 0 4 (B D H )  w as p o u red  in to  a  so lu tio n  of B a(C 104)2 w ith  
c o n s ta n t  s tirr in g . T he p re c ip ita te  o f B a S 0 4 w as filte red  off and  CsC104 w as recry sta llized  from  
th e  f i l t r a te .

M easuring  procedure

T h e  k inetic  m easu rem en ts  w ere pe rfo rm ed  in  th e  a p p a ra tu s  show n in  Fig. 1. A sm all 
g lass b o a t  w as used to  ho ld  th e  su b stan ce  to  be in v es tig a te d . B efore th e  ex p erim en t th e  r e a c t 
ing  vessel w as ev acu ated  to  10- 4— 10-5  to rr , keep ing  th e  b o a t w hich  co n ta in ed  th e  su b s tan ce , 
in  th e  cold  p a r t  o f th e  vessel. A t th e  s ta r t  o f th e  m easu rem en t th e  b o a t w as pushed  in to  th e  
h e a te d  p a r t  o f th e  vessel b y  m ean s of a m ag n e t. T he pressu re  o f gases fo rm ed  in  th e  decom posi
t io n  w as co n tinuously  m easu red  b y  glass o r m ercu ry  m anom eters.

T h e  th e rm o g rav im etric  a n d  d ifferen tia l th e rm a l analyses o f th e  com pounds w ere m ade  
w ith  a P a u l ik —P a u l ik — E r d e y  d e riv a to g rap h .

Results

O f th e  alkali p e rch lo ra tes  th e  decom position  of th e  l ith iu m  an d , e sp e 
c ia lly , of th e  p o tassium  sa lt h ad  been  th e  su b jec t o f a d e ta iled  k in e tic  s tu d y . 
H o w ev er, for a b e tte r  com parison  w ith  th e  stab ilities  o f o th e r  a lkali p e rch lo 
ra te s , o u r experim en ts w ere also e x ten d ed  to  th e  s tu d y  of decom position  o f  
lith iu m  an d  p o tassium  p erch lo ra tes .
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Fig. 1. V a cu u m  a p p a ra tu s  for s tu d y in g  th e  d eco m position  o f p e rch lo rates

F ig. 2. a -t cu rv es o f  th e  decom position  o f  l ith iu m  p e rch lo ra te . 1. 430.5°C; 
2. 425°C; 3. 420°C; 4. 415°C ; 5. 411°C

D ecomposition o f  lith iu m  perchlorate

T he m elting  o f l ith iu m  p erch lo ra te  occurs a t  247°; th e  decom position  o f 
th e  com pound  ta k e s  p lace  w ith  a m easu rab le  ve lo c ity  on ly  a t  a b o u t 400°. 
F ig . 2 show s som e x  — t curves.

<% =  PtlPF, P t is th e  pressure m easu red  a t  t tim e , p j  is th e  fina l p ressu re .

Acla Chim. Acad. Sei. Hung. 57, 1968•'
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T h e re a c tio n  is p receded  b y  a c o m p a ra tiv e ly  long tim e  lag . T h e  cu rves 
a re  a u to c a ta ly tic . T h e  ra te  m ax im um  a p p e a re d  a t  ab o u t 5 0%  conversion . T h e  
d ecom position  o f lith iu m  p erch lo ra te  is rep re sen ted  b y  E q . 1,

LiC104 =  LiCl +  2 0 ,  (1)

b u t  som e ch lorine (1 — 2% ) was also fo u n d  in  th e  gaseous p ro d u c t. To e s tab lish  
w h e th e r  th e  decom p o sitio n  goes th ro u g h  th e  fo rm atio n  o f ch lo ra te  an d  ch lo rite , 
th e  reac tio n  w as s to p p e d  a t  d ifferen t tim e s  a n d  analysis of a sam ple  carried  o u t. 
I n  th e  in itia l p e rio d  o f th e  decom p o sitio n  ab o u t 1.5 — 2 .5 %  lith iu m  c h lo ra te  
w as fo und . L ith iu m  ch lorite , h ow ever, w as n o t d e tec ted .

T h e  P ro u t— T o m p k in s  ra te  e q u a tio n  w as used  to  ca lcu la te  th e  ra te  co n 
s ta n ts .

log — =  k 1|21 +- C1;2 (2)
1 — a

T h e  ap p licab ility  o f  th e  equa tion  is i l lu s tra te d  b y  F ig . 3.
T h e  te m p e ra tu re  dependence o f  th e  ra te  co n stan ts  o f th e  accelera tion  

p e rio d  w as 52.6 k c a l, w hile 41 kcal w as o b ta in e d  for th e  decay  period . T h e  r a te  
c o n s ta n t of th e  la t t e r  period w as also d e te rm in ed  b y  a f irs t  o rd er eq u a tio n ,

l o g — ------ =  k 3.A t +  C2 (3)
1 — ot

w hich  described  th e  decom position  a f te r  a  =  0.4 (F ig. 3). T he va lu e  o f th e  a c t i 
v a tio n  energy  in  th is  case is 43.9 k ca l.

T able  I

K in e tic  data o f  the thermal decom position o f  lith ium  perchlorate

T emperature, 
°C k t  • 102(min.-1) k 3 • 102(mm.-1) k x ■ 10* (min.-1)

430.5 3.08 1.58 1.3

426 2.11 1.08 0.9

425 2.05 1.06 0.93

420 1.5 1.0 0.61

415 1.25 0.67 0.52

411 1.06 0.71 0.53

A ctiva tion  en erg y , kcal/mole 52.6 41.0 43.9

F requency  fa c to r  (m in .-1) 6.58 • 1014 8.83 • 1014 5.12 • 10й

kp, a  =  0.01— 0.45 
fc2; a  =  0.45— 0.95 
fej; a  =  0.4— 0.93
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T h e  a c tiv a tio n  energy  o b ta in e d  fo r th e  acce lera tion  period  is n ea r to  th a t  
o b ta in e d  b y  M a r k o v i t z  and  B o r y t a , w hile  th e  a c tiv a tio n  energy  of th e  d ecay  
perio d  in  ou r e x p e rim e n ts  ap p ea red  to  b e  m u ch  low er.

K in e tic  d a ta  a re  con ta ined  in  T ab le  I .

Decomposition o f  sod ium  perchlorate

T he d eco m position  of sodium  p e rc h lo ra te  has been  s tud ied  in  th e  ra n g e  
490—515°. a  — t cu rv es  are p lo tte d  in  F ig . 4.

T h e  re a c tio n  is a u to c a ta ly tic . T h e  r a te  m ax im u m  is sh ifted  to w a rd s  th e  
la te r  ph ase  o f decom position  (a =  0.38 — 0.68), as th e  reac tio n  te m p e ra tu re  is

F ig. 3. K in e tical a n a ly s is  o f th e  decom position  o f lith iu m  p e rch lo ra te  by  th e  P ro u t-T om pkins  
e q u a tio n  1. 420° C; 2. 426° C; 3. 430.5° C

Fig. 4. a-t cu rv es o f th e  decom position  o f sod ium  p erch lo ra te . 1. 515°C; 
2. 510°C; 3. 505°C ; 4. 500°C; 5. 490°C
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16 SOLYMOSI: THERMAL STABILITY OF CHLORINE OXY-SALTS, IV

in c reased . T h e  d ecom position  is p receded  b y  a  tim e  lag o f a few m in u tes  on ly , 
w h ich  is p ra c tic a lly  in d e p e n d e n t of th e  te m p e ra tu re . T he reac tio n  ta k e s  p lace 
acco rd in g  to  th e  e q u a tio n :

N aC 104 =  N aC l +  2 0 ,  (4)

N o  tra c e s  o f ch lo rine w ere found . A m a th e m a tic a l analysis of th e  a  — t cu rves 
w as a tte m p te d  b y  th e  P ro u t— T o m p kin s  e q u a tio n , w hich described  th e  com 
p le te  reac tio n  (F ig . 5).

T h e  a c tiv a tio n  en erg y  o f th e  acce le ra tio n  period  is 57.3 k ca l, w hile th a t  
o f  th e  decay  perio d  is 57 k ca l. T he m a th e m a tic a l analysis of th e  decay  p e rio d

F ig . 5. K in e tical an a ly sis  o f  th e  decom position  of sodium  p erch lo ra te  b y  th e  P rout- 
T o m p kin s  eq u a tio n . 1. 515°C; 2. 510°C ; 3. 505°C; 4. 500°C; 5. 490°C

w as perfo rm ed  b y  th e  f irs t o rder e q u a tio n  and  b y  th e  “ c o n trac tin g  cu b e ’’ 
fo rm u la :

1 _ ( 1 _ я )1/з =  k .t (5)

T h e  f irs t  o rd er e q u a tio n  y ie lded  a s tr a ig h t  line in  a ra th e r  n a rro w  ran g e  o f  th e  
decom position  (a =  0.5 — 0.85) only. T h e  v a lu e  of th e  ac tiv a tio n  energy  w as 59 
k ca l. E q u a tio n  (5) w as v a lid  in  th e  ran g e  cc =  0.35 — 0.9. T he te m p e ra tu re  d ep e n 
dence  o f th e  ra te  c o n s ta n ts  (fe5) gave a c tiv a tio n  energy values sim ilar to  tho se  
o b ta in a b le  from  th e  te m p e ra tu re  analysis  o f  k 2. K ine tica l d a ta  are  su m m arized  
in  T ab le  I I .

T he effect of sod ium  chloride, th e  so lid  residue of th e  decom position , w as 
also  s tu d ied . F ig . 6 show s some m easu rem en ts . T he decom position  in  th e  
p resence  of sod ium  chloride s ta r te d  w ith  m ax im u m  ra te  an d  th e  h a lf- tim e  of 
th e  reac tio n  w as con sid erab ly  decreased .
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K in etic  data o f  the thermal decomposition o f  sod ium  perchlorate

Temperature,
°C ki • 103 (min.-1) k3 • 103 (min.-1) кл • 10s (min.-1) k6 • 103 (min.- ’)

490 ил 5.8 5.05 1.91
500 14.7 8.0 7.98 3.25
505 20.0 12.9 11.6 4.20
510 25.4 15.8 16.0 5.50
515 30.6 22.3 17.0 8.43

A c tiv a tio n  energy  kcal/m ole 57.3 57.1 59.2 62.6
F req u en cy  fac to r (m in .-1 ) 2.7 • 1014 1.57 • 1014 4.89 ■ 1014 1.7 ■ 1015

k t ; a  =  0.003— 0.3 
fc„; a  =  0.3 — 0.8
fc4; a  =  0.55 — 0.95 
fc5; a  =  0.35 — 0.9

D ecom position o f  po tassium  perchlorate

T he decom p o sitio n  of p o tassiu m  p e rch lo ra te  b eg an  a t  a h igher te m p e ra 
tu r e  th a n  th a t  o f sod iu m  p e rch lo ra te . M easurem ents w ere  carried  ou t in  th e  
ra n g e  of 549 an d  576°. T h e  reac tio n  eq u a tio n  is:

K C 104 =  KC1 +  2 0 2. (6)

T h e  d ecom position  s ta r ts  w ith  a sh o rt d ece le ra to ry  p e rio d  follow ed by  an  au to - 
c a ta ly tic  reac tio n . T h e  r a te  m ax im u m  appears a t a b o u t a  =  0.5.

F ig . 6. T h erm al d ecom position  of sodium  p e rch lo ra te  in  th e  p resen ce  o f sodium  chloride a t  
500°C. 1. N aC 104: N aCl m olar ra tio  1 : 1, 2. P u re  N aC 104

2 Acta Chim. Acad. Sei. Hung. 57, 1968



18 SOLYMOSI: THERMAL STABILITY OF CHLORINE OXY-SALTS, IV

T h e  m a th em atica l t r e a tm e n t  o f  th e  a  — t curves w as d o n e  b y  th e  fo rm er 
e q u a tio n s .

T h e  f irs t o rder eq u a tio n , s im ila rly  to  th e  resu lts  o f H a r v e y  et al., y ie lded  
tw o  s tra ig h ts . A lthough  th e  ra te  c o n s ta n ts  ca lcu la ted  from  th e  second p h ase  are  
a b o u t 15 tim es la rger th a n  th o se  of th e  f i r s t  phase  p ra c tic a lly  th e  sam e a c tiv a 
t io n  en e rg y , 70 kcal, w as o b ta in e d  fo r b o th  phases. I n  th e  p re se n t case th e  
te m p e ra tu re  dependence o f  th e  r a te  c o n s ta n ts  of th e  P rou t — T o m p kin s  e q u a 
t io n  c a n n o t he e v a lu a ted . K in e tica l d a ta  are  sum m arised  in  T ab le  I I I .

T h e  effect of th e  re a c tio n  p ro d u c t h a s  been s tu d ied  in  th is  case, to o , b u t  
w as fo u n d  to  be co n sid e rab ly  less th a n  w ith  sodium  p e rc h lo ra te .

Fig. 7. a.-t cu rv es o f  th e  deco m p o sitio n  of po tassiu m  p e rch lo ra te . 
1. 570°C; 2. 565°C; 3. 560°C; 4. 549°C

F ig . 8. K in e tical analysis o f th e  d ecom position  o f potassium  p e rch lo ra te  b y  th e  f i r s t  o rder
eq u atio n . •  560° С, о  555°C

Acta Chim. Acad. Sei. Hung. 57, 1968



SOLYMOSI: THERMAL STABILITY OF CHLORINE OXY-SALTS, IV 19

Table II I

K inetic  data o f  the thermal decomposition o f  p o ta ss iu m  perchlorate

Temperature,
°C k3 • 10* (min.-1) fc4 • 103 (min.-1) fc5 • 103 (min.-1)

549 5.1 8 4

555 9 13 6.3

560 5.8 17 8.92

565 10.8 26.2 11.5

570 16 28 14.6

575 20 31.7 18.1

A ctivation  energy , kcal/m ole 69.05 71.5 75.4

Frequency fa c to r  (m in .-1 ) 1.16 • 1015 1.05 • 1017 5.54 • 1017

k 3; a  =  0 — 0.15 
fc4; a  =  0.3 — 0.9 
fc6; a  =  0.28— 0.95

F ig . 9. K inetical an a ly sis  o f  th e  decom position  of p o tass iu m  p e rc h lo ra te  b v  th e  fo rm ula  
l - ( l - a )1/3 =  h bt. 1. 575°C; 2. 565°C; 3. 560°C ; 4. 549°C

D ecom position o f  rub id ium  perchlorate

T h e  decom position  o f ru b id iu m  p e rch lo ra te  w as s tu d ie d  in th e  range  
547 to  569°. The re a c tio n  beg an  im m ed ia te ly , w ith o u t a  tim e-lag , and  resu lted  
in  th e  fo rm ation  o f ru b id iu m  chloride.

R bC 104 =  RbCI +  2 0 ,  (7)

T h e  decom position  — as in  th e  case o f p o tassiu m  p e rc h lo ra te  — s ta r te d  w ith  
a slow decay  period.
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I n  th is  case, to o , th e  reac tio n  cou ld  be  read ily  described  b y  tw o  firs t 
o rd e r eq u a tio n s , from  a  =  0.01 to  a  =  0.28 and  from  a  =  0.4 to  a  =  0.93. T he 
ra te  c o n s ta n ts , especially  k 2, as th e  fu n c tio n  o f 1/T  show ed som e sc a tte r in g . T he 
a c tiv a tio n  energies a re : 70.5 an d  66.8 kcal. T he decom p o sitio n  w as su r
p ris in g ly  well described  b y  th e  P rout — T o m p kin s  eq u a tio n , w h ich  y ie lded  a 
s tra ig h t  line p rac tica lly  covering  th e  w hole decom position  (a =  0 .0 6 —0.96). T he 
v a lu e  o f  th e  ac tiv a tio n  en erg y  is 71.3 kcal.

I n  th e  range a  =  0 .2 —0.95, i.e. fo r th e  second decay  p rocess, E q . (5) 
gave  a s tra ig h t line. T h e  va lu e  o f th e  ac tiv a tio n  energy  is 72 k ca l.

time (min)
Fig. 10. oi-t cu rv es o f th e  decom position  of ru b id iu m  p e rch lo ra te .

1. 569°C; 2. 566°C ; 3. 563°C; 4. 558°C; 5. 556° C; 6 . 552°C ; 7. 547°C

F ig . 11. K inetical an a ly sis  o f th e  d ecom position  of ru b id iu m  p e rch lo ra te  b y  th e  f irs t o rder 
eq u atio n . 1. 566°C; 2. 563°C; 3. 556°C

Acta Chim. Acad. Sei. Hung. 57, 1968
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SO 100
lime (min)

F ig. 12. K inetical a n a ly s is  o f  th e  decom position  of ru b id iu m  p e rch lo ra te  by  th e  Prout-Tom p- 
k in s  equation . 1. 569°C ; 2. 563°C; 3. 558°C

Fig. 13. T he th erm al d eco m position  of ru b id iu m  p e rch lo ra te  in  th e  presence o f ru b id iu m  
chloride. 1. R bC 104: R bC l m olar ra tio  1 : 1; 2. m o lar ra tio  10 : 1; 3. P u re  R hC 104

T h e add ition  o f  ru b id iu m  ch lo ride  to  ru b id iu m  p e rch lo ra te  a lte red  th e  
c h a ra c te r  o f th e  reac tio n  h ere  too, an d  co n sid e rab ly  in c reased  th e  ra te  o f decom 
position . T he effect o f  ru b id iu m  ch lo rid e  is i llu s tra te d  b y  F ig . 13. K in e tica l 
d a ta  are  sum m arized  in  T ab le  IV.

D ecom position o f  cesium  perchlorate

T h e decom position  te m p e ra tu re  o f  cesium  p e rch lo ra te  w as low er th a n  th a t  
o f ru b id iu m  p erch lo ra te , an d  even low er th a n  th a t  o f  p o ta ss iu m  perch lo ra te . 
M easurem ents were ta k e n  betw een  528 a n d  558°. T h e  decom position  e q u a tio n  is:

CsCI04 =  CsCl +  2 0 2 (8)
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Table IV

K inetic  data o f  the therm al decomposition o f  rub id ium  perchlorate

Temperature,
°C • 102 (min.-1) k3 • 103 (min.-1) fc4 • 103 (min.-1) fc5 • 108 (min.-1)

547 0.92 1.14 5.94 2.84
552 1.25 1.66 9.1 4.09
556 1.45 1.66 7.93 4.25
558 2.05 2.96 11.5 5.06
563 2.26 3.25 16.6 6.97
566 2.53 3.44 16.4 8.15
569 2.52 3.64 18.7 8.40

A c tiv a tio n  energy kcal/m ole 71.3 70.4 66.8 72.3
F re q u e n cy  facto r (m in .-1 ) 1.03 • 10” 8.19 • 1015 4.28 • 1015 4.02 • IO16

fc,; a  =  0.03—0.85 fc4; a =  0.40—0.92
fc3; a =  0.01—0.28 a =  0.20—0.95

50 100
lime (mini

Fig. 14. а-t cu rves o f th e  decom position  of cesium  p e rch lo ra te .
1. CsC104; C sC l(2 :l)  534°C; 2. 558°C; 3. 542°C; 4. 538°C; 5. 534°C

T h e  p rocess of th e  d eco m p o sitio n  is s im ilar to  th a t  of ru b id iu m  p e rch lo ra te . 
T h e  r a te  m ax im um  ap p ea red , a t  each  te m p e ra tu re , a t  ab o u t « = 0 .4 5 .  T he m a th e 
m a tic a l analysis o f  th e  decom p o sitio n  curves w as carried  o u t b y  th e  fo rm er 
e q u a tio n s . B y  p lo ttin g  th e  re su lt  accord ing  to  th e  f irs t o rd e r eq u a tio n , a well 
d e fin e d  s tra ig h t can  be o b ta in e d  on ly  a t  ab o u t « = 0 .2 3 . T h e  a c tiv a tio n  energy  
o f  th e  decom position  fo r th is  p h ase  is 68.7 kcal.

B etw een  « =  0.35 — 0.95 th e  decom position  was well described  b y  E q . (3). 
T h e  v a lu e  of th e  a c tiv a tio n  en erg y  is 57 kcal. T he P rou t— T o m p k in s  eq u a tio n , 
in  th e  ran g e  a  =  0.05 — 0.93 e x c e p t a t  528°, y ielded  one s tra ig h t line.

Acta Chim. Acad. Sei. Hung. 57, 1968



SOLYMOSI: THERMAL STABILITY OF CHLORINE OXY-SALTS, IV 23

B ecause o f th e  difficulties in  e v a lu a tin g  th e  in itia l p h ase , we also a t te m p t
ed  to  determ ine th e  ac tiv a tio n  e n e rg y  from  th e  te m p e ra tu re  d ependence  of 
th e  tim es elapsed b e tw een  th e  d iffe re n t phase o f decom p o sitio n , cc =  0.025 to
0.05. T h e  a c tiv a tio n  energies th u s  o b ta in ed  ra n g e d  fro m  67 to  70 kcal.

Cesium  ch lo ride  m ark ed ly  acc e le ra te d  th e  re a c tio n  (F ig . 14). K in e tica l 
d a ta  a re  show n in  T ab le  Y.

F ig . 15. K inetical a n a ly s is  o f th e  d eco m p o sitio n  of cesium  p e rch lo ra te  b y  th e  P rou t-T om pkins  
e q u a tio n . 1. 558°C; 2. 542°C; 3. 538°C; 4. 534°C

T ab le  V

K inetic  data o f  the therm al decomposition o f  cesium  perchlorate

Temperature,
°C kl • 102(min.-1) k3 • 103 (min.-1) fc4 ■ 103 (min.-1) k6 ■ 10s (min.-1)

528 (1.27) (0.763) 13.5 5.45
534 2.13 1.85 15.4 7.14
538 2.45 2.63 17.9 8.08
542 3.21 3.03 25.1 10.8
558 5.35 8.5 41.3 20.0

A ctiv a tio n  energy, kcal/m ole 52.0 68.7 (48.3) 57.1
F req u en cy  facto r (m in .-1 ) 2.68 ■ 1012 8.44 ■ 1016 (1.25 • 1011) 2.12 • 1013

kp,ot =  0.1 — 0.70 
k 3; oc =  0.01— 0.25 
fe4; a =  0.52—0.91 
k5; a =  0.30— 0.95
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__________ I_________ I__________ I--------------  — I--------------1----------------- i-------------- i—  — I---------------- 1----------------- 1---------------1—

0 40 80 120 40 60 80 100 40 60 30 100
lime [mini lime (mini lime (min)

F ig . 16. D erivatog ram s o f p o tass iu m  p e rch lo ra te . H e a tin g  ra te  6 °/m in . 1. P u re  KC104, 
2. K C 104:KC1, 50:50, 3. K C 104:KC1, 70:30 m ole-%

0 40 80 120 0 40 80 120 160 0 Í0  30 120 160
time(min) lime (min) time(min)

F ig . 17. D erivatog ram s o f ru b id iu m  perch lo ra te . H e a tin g  ra te  6 °/m in . 1. P u re  R bC lO j, 
2. R bC 104:R hC l, 50:50, 3. R bC 104:R hC l, 70:30 m ole-%
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D erivatographic investigations

In  th e  in tro d u c tio n  it  was m en tio n ed  th a t  th e  m e th o d  of d iffe ren tia l 
th e rm a l analysis w as  w idely  ap p lied  in  th e  s tu d y  of th e  th e rm a l p ro p e rtie s  of 
p u re  alkali p e rch lo ra tes . The p r im a ry  aim  of th e  p re se n t in v es tig a tio n s  w as to  
d e te rm in e  th e  e ffec t ex e rted  b y  a lk a li chloride ( th e  solid  decom position  
p ro d u c t)  on th e  m e ltin g  p o in t a n d  th e  s ta b ility  of th e  com pounds. In v e s tig a 
tio n s  w ere done w ith  p u re  p e rc h lo ra tes  an d  w ith  m ix tu re s  c o n ta in in g  10, 30 
a n d  50 m ole-%  ch lo rid e . Some o f th e  d a ta  are  show n in  F igs 16 an d  17, an d  in  
T ab le  V I.

Table VI

Thermal behaviour o f  alkali perchlorates in  the presence o f  a lka li chlorides 
D eriv a to g rap h ic  investig a tio n s

LiC104:
LiCl,

mole-%

Melting
point,

°C
t , °c*

NaCIO,:
NaCl,

mole-%

Melting
point,

°C
t ,  ° c *

CsC104:
CsCl,

mole-%

Melting
point,

°C
t ,  °c*

100 : 0 247 450 100 : 0 471 507 100 : 0 571 570

90 : 10 243 420 90 : 10 428 500 90 : 10 500 480

70 : 30 246 390 70 : 30 415 485 70 : 30 447 460

50 : 50 251 390 50 : 50 423 485 50 : 50 550 500

* T em p era tu re  o f th e  onset of decom position  
T he heating  r a te  w as 6°/min.

T he resu lts  in d ic a te  th a t ,  w ith  th e  excep tion  o f l i th iu m  p e rch lo ra te , th e  
ch lo rides m ark ed ly  low er th e  m e ltin g  p o in t of p e rch lo ra tes  an d  also th e  te m 
p e ra tu re  a t w hich  decom position  beg ins. A dd ition  o f lith iu m  chloride to  
l ith iu m  p erch lo ra te  in fluences th e  m e ltin g  p o in t on ly  s lig h tly , b u t  it  also ex e rts  
a m ark ed  effect on  th e  decom position  of th e  sub stan ce .

Structure a n d  p h ysica l properties

P rio r to  d iscussing  th e  k in e tic  re su lts , and  in te rp re tin g  th e  d ifferences in 
th e  s tab ility  o f p e rch lo ra tes , th e  m o s t im p o r ta n t d a ta  on  th e  s tru c tu re  an d  
p hysica l p ro p erties  o f p e rch lo ra tes  w ill be sum m arized .

T he cry sta l s tru c tu re  of a lk a li p e rch lo ra tes  a t low  te m p e ra tu re  is rhom bo- 
h ed ra l, and a t  h ig h  te m p e ra tu re  is cubic . L ith iu m  p e rc h lo ra te  is an  excep tion  
as i t  m elts in  th e  low  te m p e ra tu re  m odification .

T he la ttic e  c o n s ta n ts  o f th e  com pounds, th e  C l— О a n d  0  — 0  d istances 
are  given accord ing  to  B e a e k e n ’ s  a n d  H a r a n g ’ s  m easu rem en ts  in  T ab le  V I I  
[12]. In  order to  e s tab lish  a co rre la tio n  betw een  th e  s ta b il i ty  and  s tru c tu ra l 
p ro p ertie s  of p e rch lo ra tes , th e  so-called  “ free-space”  o f  th e  perch lo ra tes  has
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b e e n  ca lcu la ted . T h is c h a ra c te ris tic  can  be defined  as th e  d ifference betw een  th e  
v o lu m e  of th e  c ry s ta l p e r  ion p a ir  c a lcu la ted  from  th e  d e n s ity  (a va lu e  o b ta in ed  
fro m  X -ra y  ex p erim en ts) an d  th e  com bined  volum es o f th e  ions as ca lcu la ted  
fro m  accep ted  ionic ra d ii  [13]. F o r  th e se  ca lcu la tio n s th e  v o lu m e  of th e  p e r
c h lo ra te  ion was ta k e n  as 33.2 Á 3 ta k in g  th is  ion  to  be a n e a r ly  reg u la r t e t r a 
h e d ro n  w ith  th e  ch lo rine  a to m  in  th e  cen tre . T h e  m ean  o f th e  c h lo rin e—oxygen 
d is ta n c e  was ta k e n  as 1.46 Á . I t  ap p ears  from  th e  ta b le  t h a t  th e  “ free space”  
in creases  from  lith iu m  to  caesium  p e rch lo ra te .

T h e  m elting  p o in t o f th e  com pounds increases from  lith iu m  to  ru b id iu m , 
b u t  th e  m elting  p o in t o f  caesium  p e rc h lo ra te  is low er th a n  t h a t  o f p o tassium  
p e rc h lo ra te . T he m ag n e tic  su sc e p tib ility  a n d  d en sity  of th e  com pounds increase 
w ith  th e  size of th e  ca tio n .

T here  is n o t, h o w ever, a n y  m ark ed  d ifference in  th e  re fra c tiv e  indices of 
th e  com pounds. T h e  so lu b ility  of th e  su b stan ces  in  w a te r  does n o t show  an y  
p a r t ic u la r  tre n d  ( th a t  o f  sodium  p e rch lo ra te  be ing  th e  la rg e s t) , b u t  i t  decreases 
in  o rgan ic  so lvents fro m  lith iu m  to  caesium . A n e x trem e ly  la rg e  decrease of 
so lu b ility  appears fo r p o ta ss iu m  p e rc h lo ra te . Some c h a ra c te r is tic  d a ta  are 
l is te d  in  Table V II .

Table VII

Some data o f  the structure and p h ysica l properties o f  alkali perchlorates

Compound
Cryst.
trans.,

°C

Melting
point,

°C

Radius
of

cation,
Á

Diets

Cl—0
Á

ince

O—O
Á

Lattice
param
eter,

a

Free 
space 

ion pair
A*

Density
Refrac

tive
index

L iC 104 — 247 0.68 37.5 2.40 1.4700

N aC IO , 305 471 0.98 0.85 1.39 7.08 43.0 2.49 1.4651

KCIO., 300 585 1.33 1.26 2.06 7.50 47.8 2.51 1.4746

RbClO., 270 588 1.49 1.30— 1.48 2 .1 2 -2 .4 2 7.70 54.6 3.01 1.4708

CsC104 221 571 1.65 1.35— 1.53 2.2—2.51 7.98 64.1 3.32 1.4781

Discussion

D ecom position products

T h e decom position  of a lkali p e rch lo ra tes  ta k e s  p lace a t  h ig h  te m p e ra tu re , 
b u t ,  w ith  th e  ex cep tio n  o f lith iu m  p e rc h lo ra te , th e  decom positions occur in  
a re la tiv e ly  narro w  te m p e ra tu re  ran g e  (500—575°). T h e  a lk a li perch lo ra tes  
decom pose  accord ing  to  th e  e q u a tio n :

MC104 =  MCI +  2 0 2 (1)
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T h e  only ex cep tion  is lith iu m  p e rch lo ra te , as here a sm all a m o u n t o f  ch lorine 
is also w hich ind ica tes  th e  occurrence o f th e  follow ing reac tio n :

2 LiCIO, =  L i20  +  Cl2 +  3.5 0 2 (2)

T he fac t th a t  th e  decom position  o f a lka li perch lo ra tes , in  c o n tra s t to  a n u m b e r 
o f d iv a len t m eta l p e rch lo ra tes , ta k e s  p lace b y  th e  f irs t re a c tio n , is in  accordance  
w ith  th e rm o d y n am ic  considera tions, as i t  was show n b y  M a r k o v it z  [23].

K inetica l characteristics o f  the reactions

T he decom position  reactions a re  preceded  b y  a sh o rt tim e  lag , th e  len g th  
o f w hich  decreases w ith  an  in crease  in  te m p e ra tu re . T h e  decom position  of 
lith iu m  an d  sodium  p erch lo ra tes  is a ch a rac te ris tic  a u to c a ta ly tic  re a c tio n , 
w hich  is well described  b y  th e  P ro u t— T o m pkins  eq u a tio n . T h e  decom position  
o f  p o tass iu m , cesium  an d  ru b id iu m  p erch lo ra tes  s ta r t  w ith  a sh o rt decelera- 
to ry  period , follow ed b y  an  acce lera tio n  an d  th en  a n o th e r  d ece le ra to ry  re a c 
tio n . B o th  d ece le ra to ry  reac tions f i t  th e  f irs t-o rd e r r a te  law . T h e  v a lu e  of 
th e  ra te  c o n s ta n t (fe4) of th e  second decay  period  is m u ch  la rg e r (b y  a b o u t one 
o rd e r of m ag n itu d e) th a n  th e  ra te  c o n s ta n t for th e  f ir s t  p e rio d  (k 3). T h e  decel
e ra to ry  reac tio n  a fte r  th e  ra te  m ax im a  also f its  th e  c o n tra c tin g  cube 
fo rm u la  b u t  we do n o t th in k  th a t  th is  has any  p h ysica l m eaning . I t  shou ld  be 
m en tio n ed  th a t  th e  m a th em a tica l analysis o f th e  decom position  o f ru b id iu m  
a n d  cesium  p erch lo ra tes  b y  th e  P ro u t— T om pkins  e q u a tio n  re su lte d  in  
one s tra ig h t line fo r th e  w hole decom position , in  sp ite  o f th e  d iffe ren t stages 
o f th e  reac tio n  m en tio n ed  above. T h is, in  our opinion, is on ly  fo rtu ito u s , and  
does n o t re flec t th e  com plex c h a ra c te r  o f th e  decom position .

On th e  basis  o f th e  m elting  p o in ts  an d  th e  decom position  te m p e ra tu re  of 
th e  substances i t  w as expec ted  th a t  lith iu m  p erch lo ra te , an d  sod ium  p e r
ch lo ra te , p a r t ly  decom pose in  th e  m o lten  phase. I t  w as observed , how ever, 
t h a t  p o ta ss iu m , ru b id iu m  an d  cesium  perch lo ra tes  also m elted  in  th e  course 
o f  th e ir  decom position , m uch below  th e  m elting  p o in ts  o f  th e  p u re  su b stan ces. 
T h e  p ro b ab le  reason  fo r th is  is t h a t  ch lo ride form ed d u rin g  th e  decom position  
gives an  eu tec tic  w ith  th e  rem ain in g  p erch lo ra te . T h e  com positions o f th e  eu 
tec tic s  p ro d u ced  w ith  p erch lo ra tes  an d  chlorides w ere n o t  es tab lish ed , b u t  th e  
m a rk e d  effect o f th e  presence of ch lorides on th e  m e ltin g  p o in ts  an d  s ta b ili
tie s  of p erch lo ra tes  w ere well e x h ib ite d  b y  th e  d iffe ren tia l th e rm a l analysis 
(T able  Y I).

C onsidering th ese  fac ts , th e  a u to c a ta ly tic  c h a ra c te r  o f th e  decom position  
o f perch lo ra tes  seem s to  he in  som e connection  w ith  th e ir  m eltin g . T he 
in itia l Jong decay  period  in  th e  decom position  o f  p o ta ss iu m , ru b id iu m  and  
cesium  p e rch lo ra tes  can  be a t t r ib u te d  to  th e  slow decom position  in  th e  solid 
s ta te . H ow ever, due  to  th e  effect o f  th e  reac tio n  p ro d u c ts  (chlorides), th e  m elt-
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in g  o f  perch lo rates so o n  begins an d  co n seq u en tly  th e  r a te  o f decom position  
increases. ( I t  has long  b e e n  k n o w n  th a t  th e  m e ltin g  o f solids gives rise to  a g rea t 
in c rease  of th e  d eco m p o sitio n  ra te .)  A fte r com plete  liq u id ifica tio n , th e  ra te  o f 
decom position  co rre sp o n d s  again  to  th e  f irs t-o rd e r  ra te  law . W h en  th e  chlorides 
w ere  m ixed in  ad v a n c e  w ith  th e  p e rch lo ra te  sa lts , th e  process o f decom position  
ch an g ed . The p e rc h lo ra te s  m elted  a t th e  v e ry  beg inn ing  o f th e  decom position , 
th e  au to ca ta ly tic  c h a ra c te r  of th e  reac tio n  w as m issing, a n d  th e  decom position  
s ta r te d  w ith  m a x im u m  ra te .  A ccordingly , th e  c a ta ly tic  e ffec t o f chlorides is 
a p p a re n t. The fa c t, h o w ev er, th a t  th e  d ecom position  o f l i th iu m  p erch lo ra te , 
w h ich  occurs in  th e  m o lte n  phase , is also a u to c a ta ly tic , a n d  nevertheless, 
l i th iu m  chloride ac c e le ra te s  th is  decom position , in d ica te s  t h a t  chloride m ig h t 
h a v e  some effect on th e  m o lte n  phase reac tio n  in  th e  o th e r cases, too.

M echanism  o f  decom position

T he values o f a c t iv a tio n  energy , ca lcu la ted  from  th e  te m p e ra tu re  d ep en 
d en ce  of th e  ra te  c o n s ta n ts  o b ta in ed  b y  d iffe ren t k in e tica l eq u a tio n s , fell in  th e  
ra n g e  of 60—70 k ca l. I n  acco rdance  w ith  th e  re su lts  of ea rlie r a u th o rs , th e  a c ti
v a t io n  energies for th e  so lid  an d  m olten  p h ase  decom positions do n o t differ 
m a rk e d ly , b u t in  th e  la t t e r  case th e  freq u en cy  fac to r  is m u ch  larger. T h is 
in d ic a te s  th a t  th e  m e c h a n ism  of th e  decom position  o f p e rch lo ra tes  is essen
t ia l ly  sim ilar, an d  th e  r a te  de te rm in in g  s te p , in d e p e n d e n tly  o f th e  phases, is 
th e  sam e for every  co m p o u n d . T h e  la rger freq u en cy  fa c to r  o b ta in e d  in th e  m ol
te n  perch lo ra tes is m o st lik e ly  th e  re su lt of th e  la rg e r m o b ility  o f th e  perch lo ra te  
io n . T h e  decom position  o f  p e rch lo ra tes  is p ro b a b ly  com posed from  th e  follow 
in g  reactions. In  th e  f i r s t  s tep

MClO j MC103 +  —  0 2 (3)
2

m e ta l chlorate an d  o x y g e n  are  form ed. T h e  m e ta l ch lo ra te  th e n  decom poses 
p a r t ly  in to  chloride a n d  o x ygen :

M C103 ^ M C 1  +  — 0 2, (4)
2

a n d  p a r tly  d isp ro p o rtio n a te s  in to  p e rch lo ra te  an d  chloride:

M C103 ^  —  MC104 +  —  MCI (5)
4 4

T h e  occurrence of th is  l a t t e r  reac tion  is in d ic a te d  b y  ou r experim en ts w ith  
ch lo ra te s  [14]. A bove 500° th e  th e rm al decom position  o f a lkali ch lorates
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(R eac tio n  4) is ra p id , nevertheless th e  fo rm a tio n  o f p e rch lo ra te  (R e a c tio n  5) 
w as observed  even  a t  th is  te m p e ra tu re . I t  is also possib le  th a t  th e  d ecom posi
tio n  of ch lo ra te  in to  ch lo ride  does n o t ta k e  p lace in  one s tep , b u t  f irs t c h lo rite  
is form ed w h ich  th e n  decom poses in to  ch lo ride:

M C103 ^  M C102 +  - i -  0 2 (6)

k.
MC102 MCI +  0 2 (?)

W hile th e  ch lo ra te  in te rm e d ia te  w as fo u n d  in  every  alkali pe rch lo ra te , ch lo rite  
was n o t d e te c te d  a t  all. T he  m ost lik e ly  e x p lan a tio n  fo r th is  seem ed to  be  
th a t  a t  h igh  te m p e ra tu re s  chlorites w o u ld  decom pose ex trem ely  ra p id ly  in to  
chloride a n d  ox ide. W e h a v e  show n [15], how ever, t h a t  a lk a li ch lorites do n o t 
decom pose even  in  th is  te m p e ra tu re  ra n g e  in to  oxygen  an d  chloride, b u t  in 
s tan ta n e o u s ly  d isp ro p o rtio n a te  in to  c h lo ra te  and  ch loride:

M CIO, ^ —  M CIO, - f  —  M CI.
3 3 3

(8)

C onsidering th a t  a lka li ch lorates a re  less s tab le  com pounds th a n  p e rch lo 
ra te s  (k2^>k1) a n d  th a t  th e ir  am o u n t n e v e r  exceeds 2 — 3 %  d uring  th e  re a c tio n , 
it  can  be  assum ed  th a t  th e  decom position  of all a lka li perch lo ra tes (R e a c tio n  
3) is th e  ra te -d e te rm in in g  step . T h is s te p  invo lves th e  ru p tu re  o f th e  C l—О 
bond . T he d issocia tion  energy  of th e  Cl — О b o n d  (a b o u t ^  60 kcal) is in  good 
ag reem en t w ith  th e  a c tiv a tio n  energies fo u n d  ex p erim en ta lly .

A fu r th e r  p ro o f fo r th is  m echan ism  can  be o b ta in e d  b y  ca lcu la tin g  th e  
en d o th erm ic  h e a t  o f th e  reac tio n  of th is  s te p  [7]. O n th e  basis o f th e  s ta n d a rd  
en th a lp y  of fo rm a tio n  of perch lo ra tes  a n d  ch lo ra tes , a n d  assum ing  on ly  a s lig h t 
d ifference in  th e ir  h e a t capacities , we g e t fo r A H °  th e  va lu es  lis ted  in  th e  fo u r th  
colum n o f T ab le  У  I I I .  T h e  values are  m u ch  less th a n  th e  ac tiv a tio n  energ ies 
de te rm in ed  ex p e rim en ta lly . H ow ever, w hen  th e  fo rm a tio n  of a tom ic  o x y g en  
(A H f  =  59.2 kcal) is assum ed , th e  d a ta  show n in th e  la s t  colum n are o b ta in e d . 
T hese va lues, w ith  th e  excep tion  of t h a t  fo r lith iu m  p erch lo ra te , ag ree v e ry  
well w ith  th e  m easu red  ac tiv a tio n  energ ies.

B esides th e  ru p tu re  o f th e  Cl—О b o n d , one can  suppose th a t  th e  e lec tro n  
tra n s fe r  re a c tio n  be tw een  th e  anion a n d  th e  ca tio n  is th e  ra te  d e te rm in in g  s te p  
of th e  decom position :

M+ +  С10Г =  M +  C104 (9)

T he e lec tro n  tra n s fe r  re a c tio n  p lays a n  im p o r ta n t p a r t  in  th e  d ecom position  
of a n u m b e r of ionic com pounds, such  as a lk a li azides [16]. O f th e  p e rch lo ra tes ,
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th e  decom position  o f am m onium  p e rc h lo ra te  was supposed  to  ta k e  place 
b e tw een  200— 300° accord ing  to  th is  m ech an ism  [17].

T h e  energy re q u ire d  for th e  tr a n s fe r  o f an  electron from  th e  an ion  to  th e  
c a tio n  in  ionic c ry s ta ls  can  be ca lcu la ted  fro m  spectroscopic d a ta . T he ca lcu 
la t io n  was p erfo rm ed  on  p o tassium  p e rc h lo ra te . T he ab so rp tio n  edge o f a lk a li 
p e rch lo ra tes  is a b o u t 6 eV [18]. T h e  low  freq u en cy  d ielectric  c o n s ta n t (K )  o f 
p o ta ss iu m  p e rch lo ra te  is 5.9, an d  its  re f ra c tiv e  in d ex  (n) is 1.4746. F ro m  th ese  
d a ta ,  b y  th e  fo llow ing  equa tion

E T =  E 0 ; K 0 =  n 2
A

(w here  E 0 is th e  o p tic a l ac tiv a tio n  en e rg y , K 0 — th e  h igh freq u en cy  d ie lec tric  
c o n s ta n t)  th e  th e rm a l ac tiv a tio n  en e rg y  w as found  to  be  2.21 eV (51 kca l). 
S ince th is  value is m u ch  less th a n  th e  a c tiv a tio n  energy of th e  decom position ,

Table УШ

Compound A  H °  
MC104

A  H °
mcio3 A H °  reaction A  H °  reaction

LiClOj -  91.77 — 70 21.7 80.9
N aC 104 — 92.18 -85 .7 6.5 65.7
K C 104 - 1 0 3 .6 -  93.5 10.1 69.3

R bC 104 — 103.87 — 93.8 10.0 69.2

CsC104 — 103.86 — 96.0 7.8 67.0

w e are  o f th e  o p in ion  th a t  the  p o ss ib ility  o f an  e lectron  tra n s fe r  reac tio n  can  
be  excluded . T h e  decom position  p ro d u c ts  (ch loride an d  oxygen) also m ake 
an  e lec tro n  tra n s fe r  reac tio n  un like ly  b ecau se  in th is  case ch lorine dioxide an d  
ch lo rin e  should h a v e  been  form ed in  th e  decom position  o f th e  p e rch lo ra te  
ra d ic a l or in th e  re a c tio n  betw een  th e  a lk a li m e ta l an d  th e  p e rch lo ra te  rad ica l.

I t  should be m en tio n ed  here t h a t  th e  th e rm a l decom position  of sod ium , 
p o ta ss iu m  and  caesium  perch lo ra tes h as  b een  s tu d ied  b y  C a b a n e  an d  B é n a r d  

[19], an d  th e y  h av e  fo u n d  28, 30 an d  35 k c a l a c tiv a tio n  energies. T hese values 
ag reed  w ith  tho se  m easu red  for th e  se lf-d iffusion  of th e  p e rch lo ra te  ion in  th e se  
com pounds. F ro m  th is  re su lt it  w as co n c lu d ed  t h a t  th e  ra te  d e te rm in in g  process 
o f th e  th e rm a l d ecom position  was th e  d iffu sio n  of th e  p e rch lo ra te  ion. In  th e  
p re se n t case th e  v a lu es  of a c tiv a tio n  en e rg y  are  m uch la rg e r. As C a b a n é  

a n d  B é n a r d  p erfo rm ed  th e  k in e tica l m easu rem en ts  in  th e  ranges 330 — 420°, 
3 7 5 —480° and  388 — 470°, w here th e re  a re  o n ly  v e ry  sligh t decom positions, 
i t  is v e ry  p robab le  t h a t  th e  ac tiv a tio n  energ ies th e y  o b ta in ed  re fer to  th e  s u r 
face  reactions.
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Factors in fluenc ing  the stab ility  o f  a lka li perchlorates

I n  sp ite  o f th e  fa c t th a t  th e  te m p e ra tu re  ran g e  o f th e  decom position  o f 
a lkali p erch lo ra tes  is re la tiv e ly  n a rro w , th e re  are  w ell defined  d ifferences b e 
tw een  th e  decom position  te m p e ra tu re s  o f th ese  com pounds. T o  ch arac te rize  
th e  s ta b il i ty  o f th e  su b stan ces , th e  te m p e ra tu re  values h av e  b een  ca lcu la ted  
from  th e  A rrh en iu s  d iag ram s, w here  th e  ra te  c o n s ta n t o f th e  decom positions 
(fc5) reaches th e  va lu e  o f  5 • 10 “ 3. T h is ch a rac te ris tic  te m p e ra tu re , as i t  can  be 
seen fro m  T ab le  IX , increases from  lith iu m  to  ru b id iu m  b u t  i t  is low er fo r 
cesium .

A s fac to rs in flu en c in g  th e  s ta b ili ty  of p erch lo ra tes  one m u s t consider 
th e  s tru c tu ra l  p ro p e rtie s  o f th e  com pounds, th e ir  p hysica l c o n s ta n ts  an d  th e  
c h a ra c te r  o f th e  p rev a ilin g  bonds. T hese p ro p erties  are  su m m arized  in  T ab le  
V I I .  Som e o th e r d a ta  on th e  p o la rizab ility  of th e  ca tio n , ca tio n  po lariz ing  
pow er, th e  effective e lec tric  fie ld  s tre n g th  of th e  ca tio n s, th e  ionic c h a ra c te r  o f 
th e  b o n d s, th e  p o la r ity  o f th e  Cl — О bo n d  and  th e  io n iza tio n  p o te n tia l o f a lkali 
m e ta ls , a re  given in  T ab le  IX .

Table IX

Some characteristic data o f  the cations and the type o f  bonding in  a lka li perchlorates

Compound
Ionization
potential,

eV

Polariza
bility 

of cation

Polarizing 
power of 
cation, 

e/r
F *

Ionic 
character 

of the 
bond,%

Polariza
bility 

of oxygen 
ion
%

t
°C

LiC 104 5.390 0.03 1.667 2.915 67.8 20.3 410

N aC 104 5.138 0.41 1.053 2.407 68.9 25.3 508

K C 104 4.339 1.33 0.752 1.661 73.2 25.4 547

R bC 104 4.176 1.98 0.676 1.423 74.1 30.1 560

CsC104 3.893-
3.34 0.592 1.303 75.5 26.1 526

Z *
F *  =  —— ; w here F *  =  effec tive  e lectric  fie ld  s tre n g th  of th e  cation

Z *  =  effective n u c lear charge (L akatos [20])
t0 =  ch arac te ris tic  te m p e ra tu re , w here  Zc5 =  5 • 10_ 3/m in .

T h e  ionic c h a ra c te r  o f th e  bon d  w as calcu la ted  b y  Sa n d e r s o n ’s m eth o d  [21] an d  th e  
p o la rizab ility  o f oxygen ion b y  L akatos [22].

E v a lu a tin g  th e  s ta b ili ty  o f p e rch lo ra tes  in  th e  lig h t of th e se  d a ta , i t  can  be  
s ta te d  th a t  th e  m ore ionic a co m p o u n d , th e  g rea te r  its  s ta b ili ty . T he effective 
electric  fie ld  s tre n g th  o f th e  ca tio n s a ffec ts  th e  s ta b ili ty  o f  p e rch lo ra tes  in  a 
s im ila r w ay . E sp ec ia lly  in  th e  case o f d iv a len t m e ta l p e rc h lo ra tes  th is  p ro v ed  
to  be  a  m ore co n v en ien t basis  to  ch a rac te rize  th e  effect o f th e  ca tio n s th a n  th e ir  
p o la riz in g  pow er. T h e  increase  of th e  effective electric  fie ld  s tre n g th  of th e  c a t 
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ions re su lts  in  a d ec rease  of th e  te m p e ra tu re  o f th e  decom position . T he only 
e x c e p tio n  is cesium  p e rc h lo ra te , as its  ch a ra c te ris tic  te m p e ra tu re  is low er 
th a n  th a t  of th e  p o ta ss iu m  sa lt. T h e  sam e s ta b ility  o rd e r w as fo u n d  b y  M a r k o - 
v i t z  et al. [3] using  th e  te c h n iq u e  o f d iffe ren tia l th e rm a l analysis  an d  th e rm o 
g ra v im e try . T he s tr ik in g  b e h av io u r o f cesium  p e rch lo ra te  w as ex p la in ed  b y  its  
lo w er m elting  p o in t c o m p ared  to  t h a t  o f  th e  p o ta ss iu m  a n d  ru b id iu m  sa lts . 
S ince th e  m elting  o f th e  com pounds, as p ro v ed  b y  g enera l experience, resu lts  
in  a n  increase in  th e  decom p o sitio n  r a te  of th e  solids, th is  la s t ex p lan a tio n  
seem s p robab le . I n  o u r  opin ion , how ever, th e  orig in  of th e  s tran g e  b eh av io u r 
b o th  in  m elting  an d  s ta b il i ty  of cesium  p e rch lo ra te  is to  be fo u n d  in  th e  large size 
o f th e  cesium  ion an d , co n seq u en tly , in  its  m ore m ark ed  p o la rizab ility . T his is 
re fle c ted  in  th e  p o la r ity  o f  th e  Cl—О b o n d  w hich is less in  th e  case o f cesium  
p e rc h lo ra te  th a n  in  ru b id iu m  p e rch lo ra te  (T able IX ) .

I t  is w o rth -w h ile  n o tin g  th a t ,  on  th e  basis o f th e  d a ta  lis ted  in  T ab les 
V I I  a n d  IX , th e  o rd e r o f  s tab ilitie s  is opposite  to  t h a t  o f th e  so-called “ free 
sp a c e ”  o f th e  co m p o u n d s. T h is “ free space”  p ro v ed  to  be a v e ry  im p o rta n t 
fa c to r  in  th e  rad io lysis  o f  ino rgan ic  com pounds [13]. A la rg e r “ free space”  as 
a ru le , also m eans a la rg e r  G va lue . T h is  can  be ex p la in ed  b y  th e  fac t th a t  th e  
a la rg e r  “ free space”  assu res an  easier escape of th e  gaseous p ro d u c ts  form ed 
in  rad io lysis . I n  th e  p re se n t case i t  follows from  th e  d iv e rg e n t ru n  of th e  
“ free  space”  an d  s ta b i l i ty  o f th e  com pounds t h a t  th e  fav o u rab le  effect of 
in c reas in g  th e  “ free  sp a c e ”  is o v erco m p en sa ted  b y  th e  change in  th e  p ro p erties  
o f  th e  com pounds fo u n d  p rev io u sly  as decisive fo r th e  decom position . In  o th e r 
w o rd s, in  th e  th e rm a l deco m p o sitio n  o f a lka li p e rch lo ra tes  th e  fo rm ed  gaseous 
p ro d u c ts  escape m ore  easily , co m p ared  to  th e  chem ical reac tio n . F ro m  th ese  
re su lts  i t  also can  be  d ed u ced  th a t  th e  m echan ism s o f th e  th e rm a l decom posi
t io n  an d  of reactions o ccu rrin g  on th e  effect of ra d ia tio n  are  d iffe ren t. T h erm al 
deco m p o sitio n  ta k e s  p lace  m o stly  on  th e  c ry s ta l su rfaces a n d  a t  th e  in terfaces 
b e tw een  th e  solid re a c tio n  p ro d u c ts  a n d  th e  p e rc h lo ra te , w hile th e  reactions 
e ffec ted  b y  ra d ia tio n  m a y  occur in side  th e  c ry s ta ls  as w ell. T h u s th e  escape of 
th e  gaseous p ro d u c ts  is m ore  im p o r ta n t  in  th e  la t te r  case.

*

T h e  au th o r w ishes to  express his th a n k s  to  Mr. Gy. B r a u n  an d  Mrs. F . T akács for 
th e ir  h e lp fu l assistance in  th e  ex p erim en ts.

SU M M A RY

T h e  decom position  of lith iu m  an d  so d iu m  p e rch lo ra te  occur in  th e  m o lten  phase , while 
t h a t  o f  th e  perch lo ra tes  o f p o tass iu m , ru b id iu m  an d  cesium  s ta r t  in  th e  solid ph ase  h u t  co n ti
n u e  in  th e  m olten  phase . T h e  m eltin g  of th ese  p e rch lo ra te s  d u r in g  th e  decom position  is ascrib 
ed  to  eu tec tic  fo rm atio n  b e tw een  th e  p e rch lo ra te  an d  th e  re a c tio n  p ro d u c ts . T he decom posi
t io n  o f th e  f irs t tw o sa lts  is w ell described b y  th e  P rou t-T om pkins  eq u a tio n . T he decom posi
t io n  o f th e  o th er co m pounds f i ts  w ith  tw o f i r s t  o rd e r eq u ations. T he f ir s t  one re fers to  th e  slow
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solid  s ta te  re ac tio n , a n d  th e  second one to  th e  m uch  fa s te r  m o lten  phase  decom position . The 
ac tiv a tio n  en ergy  o f th e  re ac tio n s  fell in to  th e  range  of 60— 70 kcal. I t  is assum ed  th a t  th e  ra te  
d e term in ing  s tep  in  th e  d ecom position  of a lka li p e rch lo ra te  is th e  ru p tu re  o f Cl—О bond.

Some d e riv a to g ra p h ic  a n d  k in e tic  m easu rem en ts w ere also carried  o u t concerning the  
effec t o f th e  re ac tio n  p ro d u c ts  on  th e  decom positions. F ro m  th e  k in e tic  d a ta  th e  s ta b ility  order 
o f th e  com pounds h as  been  d e te rm in e d  an d  th is  o rder is d iscussed  on th e  basis o f th e  collected 
p h y sical and  chem ica l c o n s tan ts  o f th e  cations and  th e  c h a ra c te r  o f th e  bonds.
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Introduction

In  a p rev io u s p a p e r  we re p o rte d  a s tu d y  on th e  ch a rac teris tic s  o f  th e  
decom positions o f  a lk a li p erch lo ra tes  a n d  on  th e  fac to rs  w hich d e te rm in e  
th e  th e rm a l s ta b il i ty  o f  these  sa lts  [1]. I t  h as  been  fo u n d  th a t  th e  s ta b ility  o rd e r  
of th e  com pounds is de te rm ined  b y  th e  ionic c h a ra c te r  o f  th e  bond  a n d  th e  
effective e lec tric  f ie ld  s tre n g th  of th e  ca tio n s. In  th e  p re se n t p ap er we g ive an  
accoun t o f th e  re su lts  o f our in v estig a tio n s ex te n d e d  to  th e  perch lo ra tes o f som e 
d iv a len t m e ta ls , i.e. b a riu m , m agnesium , lead , cad m iu m  a n d  zinc.

T h e  d e c o m p o s itio n  o f th e  p e r c h lo ra te s  o f  d iv a le n t  m e ta ls  h as  n o t  y e t  
b ee n  s tu d ie d  k in e t ic a l ly  a n d , in  g e n e ra l,  th e r e  a re  v e r y  few  d a ta  a b o u t  th e  
s ta b i l i ty  o f  th e  a b o v e  co m p o u n d s . Z in o v j e v  andTsHUDiNOVA [2] s tu d ie d  t h e  
d e c o m p o s itio n  o f  t h e  p e rc h lo ra te s  o f  a lk a l i - e a r th  m e ta ls  b y  m e a n s  o f  d if fe re n 
t ia l  th e rm a l  a n a ly s is  a n d  th e rm a l g r a v im e tr y .  O n  th e  th e rm o g ra m  o f m a g n e 
siu m  p e r c h lo ra te  th e y  fo u n d  e x o th e rm ic  e ffec ts  a t  410  a n d  499°. T h e  r e a c t io n  
b e g a n  as  so o n  as  th e  f i r s t  e x o th e rm  a p p e a re d .  T h e  d e c o m p o s itio n  o f  b a r iu m  
p e rc h lo ra te  s t a r t e d  a t  480°, b u t  th e  s a l t  h a d  m e lte d  p re v io u s ly .

Experim ental

M aterials

M agnesium  p e rc h lo ra te :  T he com m ercial sa lt (S ter lin g )  w as d ried  a t  200° C u n til  i t  
reached  c o n s ta n t w eigh t,

H ariu m  p e rch lo ra te : Riedel p .a. p ro d u c t w as u sed , w hich  h a d  been  dried  a t  250°.
C adm ium  p e rch lo ra te : A so lu tion  of sod ium  h y d ro x id e  p .a .  w as p o u red  in to  an  a q u eo u s  

so lu tion  o f cad m iu m  n i tr a te  p .a . w hile c o n s ta n tly  s tirr in g . T he cad m iu m  h y d rox ide  w as f i l te r 
ed off an d  d ried  a t  140— 150°. T his p ro d u c t w as d isso lved  in  e q u iv a le n t perchloric  acid , a n d  
th e  cadm ium  p e rch lo ra te  w as c rystallized . T h e  m a te ria l  o b ta in e d  w as pu rified  b y  sev e ra l 
recrysta lliza tio n s . T he cad m iu m  p erch lo ra te  co n ta in in g  w a te r  o f c ry s ta lliz a tio n  was d e h y d ra te d  
a t  200°. T h e  p re p a ra tio n  o f zinc p e rch lo ra te  w as s im ilar to  t h a t  o f  cad m iu m  perch lo ra te .

In  th e  p re p a ra tio n  o f lead  perch lo ra te , lead  c a rb o n a te  w as u se d  as th e  s ta r tin g  m a te r ia l,  
i t  was ad d ed  in  sm all q u a n tit ie s  to  perch loric  acid . T h e  so lu tion  w as s lig h tly  w arm ed a n d  c o n 
s ta n tly  s tirred . T he c ry s ta lliz ed  lead  p e rch lo ra te  w as tw ice  recry sta llized  from  distilled  w a te r , 
dried  in  v acu u m  fo r 3 to  4 h rs. a t  100— 115°, a n d  f in a lly  fo r 4 h rs. a t  200°.

M easuring procedure

As th e  p e rch lo ra te s  d e h y d ra ted  in  th e  above  w ay  were e x tre m e ly  hydroscopic, b e fo re  
th e  k in e tic  ex p erim en ts  th e y  w ere p re -tre a te d  a t  150° in  th e  re ac tio n  vessel for 30 m in u te s  in  
vacuum .
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T h e  k in e tic  m ea su re m e n ts  w ere done in  th e  sam e  w ay  as in th e  case o f  a lka li pe rch lo 
ra te s . T h e  chlorine and  ch lorine  d ioxide form ed d u rin g  th e  reac tion  w ere frozen  o u t  by  liqu id  
a ir  in  a  cooled vessel, a n d  o n ly  th e  p ressure  o f th e  o x y g en  was m easu red . A t th e  end o f th e  
e x p e rim e n t, th e  ch lorine  a n d  ch lorine  dioxide w ere  de te rm in ed  io d o m etrically .

Experimental results

B a riu m  perchlorate

T h e decom p o sitio n  o f bariu m  p e rc h lo ra te  was s tu d ied  in  th e  range 
4 4 0 —480°. A ccord ing  to  th e  gas an a ly sis , b a riu m  p e rch lo ra te , s im ilarly  to  
a lk a li p e rch lo ra tes , decom poses in to  ch lo rid e  an d  oxygen:

BaC104 =  B aC l2 +  2 0 2. (1)

I n  o rd e r to  d e te c t a n y  in te rm e d ia te  p ro d u c t th a t  m ig h t have  fo rm ed  
d u rin g  th e  decom position , th e  ex p e rim en t w as in te rru p te d  a t  d iffe ren t tim es, 
a n d  an  analysis o f a sam ple  was p erfo rm ed . I n  th e  in itia l p h ase  o f th e  reac tio n  
a  few  p e r cen ts of b a r iu m  ch lo ra te  w as fo u n d , w hich  h ad  decom posed  before th e  
d ecom position  of b a r iu m  p erch lo ra te  w as com plete . T he a  — t curves w ere 
d iffe re n t from  tho se  o f a lk a li p e rch lo ra tes . A fte r  a sh o rt tim e  lag , an  ex trem ely  
ra p id  reac tio n  to o k  p lace , d u ring  w hich a b o u t 50%  of th e  m a te r ia l decom posed. 
T h is  p h ase  was follow ed b y  a v e ry  slow re a c tio n . This b e h a v io u r is c h a ra c te r
is tic  especially  of ex p erim en ts  p erfo rm ed  a t  h igher te m p e ra tu re s , e.g., in  th e  
ra n g e  4 5 0 —480°. A t 440° an d  445° th e  e x te n t  of th e  fa s t  reac tio n  was essen
t ia l ly  sm aller, w hile t h a t  of th e  slow decom position  w as con sid erab ly  large. 
T h e  a  — t curves o b ta in e d  a t  d iffe ren t te m p e ra tu re s  a re  p lo tte d  in  F ig . 1.

Ю 50 Ю0 150 200 250
dim  in

Fig. 1. a -t curves o f th e  decom position  o f b a r iu m  perch lo rate  (1) 480° C; (2) 469° C; (3)
455° C; (4) 450° C; (5) 445° C; (6) 440° C
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T h e ra te  co n stan ts  w ere ca lcu la ted  b y  m eans of th e  Prout — T o m p k in s  
e q u a tio n :

log — =  k 12 ( + C 1; (2)
1 — a

a n d  th e  f irs t-o rd e r eq u a tio n :

lo g —  -----=  k3t +  C2 . (3)
1 — x

T he resu lts  b y  th e  Prout — T o m p k in s  eq u a tio n  are  show n in F ig . 2.

F ig . 2. K in e tica l ana ly sis  o f th e  decom position  0f  b a r iu m  p e rch lo ra te  b y  th e  P ro u t-T o m p k in s  
eq u a tio n . (1) 480° C; (2) 465° C; (3) 455° c ; (4) 450° C; (5) 445° C; (6) 440° C

Fig. 3. K in e tica l analysis o f th e  decom position  o f b a r iu m  p erch lo ra te  b y  th e  f irs t-o rd e r
eq u atio n . (1) 480° C; (2) 469° C; (3) 465° C; (4) 450° C
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T h e  f irs t  s tra ig h t a lm o st com pletely  re flec ts  th e  ra p id  phase o f th e  decom 
p o sitio n , w hile th e  second  refers to  th e  ran g e  o f  a =  0 .4 —0.95. T he a c tiv a tio n  
energy  o f  th e  f irs t p e rio d  is 60.2 kcal, a n d  t h a t  o f  th e  slow period  is 52.2 k ca l.

T h e  f irs t-o rd e r e q u a tio n  p ro v ed  to  h e  su itab le  fo r describ ing th e  second 
period  only .

T h e  value  o f th e  a c tiv a tio n  energy  is 46 .7  kcal. M athem atica l analysis of 
th e  d ecay  period  w as a tte m p te d  b y  th e  “ c o n tra c tin g  cube”  fo rm ula :

1 — (1 — <x)1/3 =  k41, (4)

an d  s tra ig h ts  w ere o b ta in e d  in  th e  ran g e  o f  a  =  0.45 — 0.9.

F ig . 4 . E ffec t of b a r iu m  ch lo ride  on th e  d eco m p o sitio n  of b a riu m  p erch lo rate . T he m o la r 
ra tio s  o f  b a riu m  p e rch lo ra te  to  b a riu m  chloride a re  in d ic a te d  on  th e  curves (1) 455° C; (2) 

458° C; (3) 455° C; (4) 455° C; (5) 455° C

I t  was assum ed  t h a t  th e  pecu lia r ru n  o f  th e  a  — t curves could be due  to  
th e  e ffec t o f th e  re a c tio n  p ro d u c ts  fo rm ed . To exp lo re  th is , th e  effect o f b a riu m  
ch lo rid e  p rev io u sly  ad m ix ed  to  b a riu m  p e rc h lo ra te  w as s tud ied  in  d e ta il. T he  
p  — t curves o b ta in e d  in  th e  presence o f d iffe ren t q u a n titie s  of b a riu m  ch lo ride  
are  show n in F ig . 4 .

W ith  th e  a d d itio n  of b a riu m  ch lo rid e  th e  reac tio n  s ta r te d  so m ew h at 
so o n er, w hile th e  r a te  o f th e  acce lera tio n  perio d  decreased. A t a b a riu m  p e r 
c h lo ra te :  b a riu m  ch lo ride  m olar ra tio  o f 5 : 1 th is  decrease w as la rger th a n  5 0 % . 
H o w ev er, th e  second  period  of th e  d eco m position  of th e  b a riu m  p e rch lo ra te  
to o k  p lace  a t  a p ra c tic a lly  u n ch an g ed  ra te . In  a m ix tu re  of 1 : 1 m o lar ra tio , 
th e  in itia l ra p id  p h a se  w as ra th e r  sh o rt, w h ile  th e  follow ing reac tio n , in  w hich  
d ecom position  to o k  p lace  a t a m ark ed ly  h ig h e r ra te  th a n  in  th e  p rev ious case, 
b ecam e  p e rc e p tib ly  longer. K ine tic  d a ta  a re  sum m arized  in  T ab le  I .
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Table I

K in e tic  data fo r  the decom position o f  barium  perchlorate

No. Temperature,
°C k x • 102 (min.-1) k 2 - 103 (min.-1) k3 • 104 (min.-1) fc5 • 104 (min.-1)

87 440 2.64 3.03 8.6 5.7
90 445 (3.26) 3.15 13.1 7
86 450 5.38 2.34 13 8.3
88 455 9.29 2.63 17 9.7
89 460 12.4 3.2 22 11
91 465 15.2 3.4 25 12.7
93 469 16.7 4.8 32 16
85 480 31.1 9 55 26

A ctiva
kca]

tio n  en erg y 60.2 52.2 46.7 (41.5)

F re q u e n cy  fa c to r ,
m in . 1 1.11 ■ 1017 1.19 • 1013

ОONCO 2.77 • 10”

kp, a. - 0.02— 0.4 
fc2; a  =  0.4— 0.9

fe j; a  =  0.4—0.5 
kp, a  =  0.45—0.9

M agnesium  perchlorate

T h e k in e tic  m easu rem en ts  were m ade betw een 368 an d  400°. A ccording 
to  th e  analysis o f  th e  gaseous an d  solid p ro d u c ts  of th e  reac tio n , th e  decom po
s itio n  o f m agnesium  p e rch lo ra te  can  be  cha rac terized  b y  tw o  reac tio n s:

Mg(C104)2 =  MgCl2 +  4 0 2 

Mg(C104)2 =  MgO +  Cl2 +  3.5 0 2.

( 5 )

( 6 )

As ca lcu la ted  from  th e  q u a n ti ty  o f  th e  chlorine fo rm ed , ab o u t 3 5 %  of 
th e  su b stan ce  decom poses accord ing  to  th e  second reac tio n . N o trace s  o f ch lo 
ra te  could  be d e te c te d , b u t  som e u n d ecom posed  m agnesium  p e rch lo ra te  was 
fo u n d  in  th e  residue . T he ru n  o f th e  « — t cu rves was ra th e r  irreg u la r, especially  
f ro m  a  =  0.5. T h is in d ic a te d  th e  com plex  n a tu re  of th e  re a c tio n , a n d  fo re 
sh ad o w ed  th e  d ifficu lties o f th e  m a th e m a tic a l evaluation  o f  th e  decom position .

O f th e  k in e tic  eq u a tio n s , th e  f ir s t  o rder and  th e  “ c o n tra c tin g  tu b e ”  
fo rm u la  w ere fo u n d  to  be  th e  b e s t app licab le . These eq u a tio n s , as i t  is seen 
in  F ig . 6 give rise  to  a s tra ig h t b e tw een  a  =  0 .1 —0.7.

T h e  te m p e ra tu re  d ependence  o f th e  r a te  constan ts  sa tis fied  th e  A rrh en iu s  
e q u a tio n . T he a c tiv a tio n  en erg y  is 41 k ca l. K inetic  d a ta  are  su m m arized  in  
T a b le  I I .
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Table II

K in etic  data fo r  the decomposition o f  m agnesium  perchlorate

No. Temperature,
°C k 3 • 103 (min.-1) fc5 • 103 (min.-1)

15 382 6.0 4.1

14 386 5.9 4.35

13 392 7.84 5.2

11 400 13.3 7.53

10 408 19.2 12.8

A ctiva tion  energy , kcal. 41.2 40.1

F requency  fa c to r , m in . -1 3.31 ■ 10u 8.33 • 1010

k 3 ; a, — 0.07— 0.75 fc5 ; a  =  0.10— 0.70

F ig. 5. а -t curves o f th e  decom position  of m ag n esiu m  p e rch lo ra te . (1) 408° C; (2) 400°
(3) 386° C; (4) 382° C

Fig. 6. K in e tic a l analysis o f th e  decom position  of m ag n esiu m  perch lorate
b y  th e  1—(1—a)V3=  fe5t eq u atio n . (1) 408° C; (2) 400° C; (3) 392° C; (4) 382° C
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C adm ium  perchlorate

T he decom position  of cad m iu m  p erch lo ra te  was s tu d ie d  in th e  ran g e  
b e tw een  377 an d  403°. T he solid  residue of th e  decom position  consisted  of 
cad m iu m  chloride a n d  a sligh t a m o u n t of cadm ium  oxide. T h e  decom position  
can  be  described  b y  th e  follow ing tw o  eq u a tio n s:

Cd(C104)2 =  CdCl2 +  4 0 2 (7)

Cd(C104)2 =  CdO +  Cl2 +  3.5 0 2. (8)

T he q u a n ti ty  o f th e  ch lo rine  form ed show s th a t  th e  decom position  
occurs accord ing  to  th e  second reac tio n  up  to  a b o u t 3 % . T races of cad m iu m

F ig . 7. а -t curves o f th e  decom position  o f cadm ium  p e rch lo ra te  (1) 403° C; (2) 400° C; 
(3) 396° C; (4) 392° C (5) 385° C; (6) 381° C; (7) 377° C

Fig. 8. К  m etical ana ly sis  o f th e  decom position  o f cadm ium  p e rch lo ra te  b y  th e  Prout-Tompkins
eq u atio n . (1) 396° C; (2) 385° C; (3) 381° C

Acta Chim. Acad. Sei. Hung. 57, 1968



42 SOLYMOSI: THERMAL STABILITY OF CHLORINE OXY-SALTS, V

Table III
K inetic  data fo r  the decomposition o f  cadm ium  perchlorate

No. T emperature,
°C fc3 • 103 (min.-1) k b • 10я (min.-1)

9 377 7.1 1.4

8 381 7.6 2.4

5 385 10.6 3.05

6 392 14.2 4.95

2 396 18.3 6.03

7 400 24.6 8.31

1 403 28.8 9.57

A ctivatio n en erg y , kcal. 54.0 54.7

Frequency  fa c to r , m in . -1 1.16 • 1014 5.07 • 10' 5

=  0.3— 0.9 fc5 ; a  =  0.3—0.95

c h lo ra te  were no t fo u n d . T he decom position  is a u to c a ta ly tic , an d  it is preceded 
b y  a tim e  lag. T he ra te  m ax im u m  ap p ea red  a t  ж =  0.2 — 0.3 d epend ing  on th e  
te m p e ra tu re . T he ra te  c o n s ta n ts  w ere ca lcu la ted  b y  m eans o f th e  previous 
e q u a tio n s . A t h ig h er te m p e ra tu re s , E q . (4) y ie ld ed  s tra ig h ts  in  th e  range 
o f  «  =  0.3 — 0.95 an d  th e  f irs t-o rd e r eq u a tio n  in  th e  range  o f a  =  0 .2 3 —0.8.

A t lower te m p e ra tu re s , i.e. below  392°, a k in e tica l analysis  o f th e  m easu re
m e n ts  w as m ore d iff icu lt, since th e  ab o v e  ra te  eq u a tio n s , especia lly  th e  first- 
o rd e r  eq u a tio n , w as v a lid  only  fo r a n a rro w er range  o f th e  decom position .

T h e  k ine tica l an a ly s is  o f th e  a  — t curves w as also a t te m p te d  b y  th e  
P ro u t—T om pkins  e q u a tio n . T he eq u a tio n  d id  n o t give sa tis fa c to ry  resu lts  for 
th e  acceleration  p e rio d , b u t  it  well described  th e  decay  perio d  of th e  decom po
s itio n  (F ig . 8). F ro m  th e  te m p e ra tu re  d ependence  o f  th e  ra te  co n s ta n ts  ca l
c u la te d  b y  th e  “ c o n tra c tin g  cu b e”  fo rm u la , an  a c tiv a tio n  energy  o f 54.7 kcal 
w as o b ta in ed . The te m p e ra tu re  d ependence  of th e  P rout—T o m p kin s  ra te  con
s ta n ts  (к 2) y ielded 54 k ca l.

In  th is  case, also, th e  effects o f cad m iu m  ch lo ride  an d  cad m iu m  oxide, 
i.e . th e  solid residues o f  th e  decom position , on th e  re a c tio n  w ere s tu d ie d . O f th e  
tw o  m ate ria ls  cad m iu m  chloride h a d  an  acce lera ting  effect.

T h e  k inetical re su lts  are show n in  T ab le  I I I .

Z inc  perchlorate

O f th e  p e rch lo ra tes  s tu d ied , th e  decom position  o f zinc p e rch lo ra te  s ta rte d  
a t  th e  low est te m p e ra tu re . T he reac tio n  w as in v e s tig a te d  in  th e  ran g e  280—310°. 
H e re , th e  decom position  can  be ch a ra c te riz e d  again  b y  tw o  eq u a tio n s:

Zn(C104)2 =  Zn(Cl)2 +  4 0 2 (9)

Acta Chim. Acad. Sei. Hung. 57, 1968



SOLYMOSI: THERMAL STABILITY OF CHLORINE OXY-SALTS, V 43

Zn(C104)2 =  ZnO  +  Cl, +  3.5 0 2. (10)

The reac tio n s ta k e  p lace to  a lm o st th e  sam e e x te n t .  T he x  — t cu rves are 
p lo tte d  in  F ig . 9. T he gas fo rm a tio n , in  co n tra s t to  th e  case of cad m iu m  p e r
ch lo ra te , s ta r te d  a fte r  a few m in u te s  tim e  lag. To d e te rm in e  th e  ra te  c o n s ta n t, 
th e  f irs t-o rd e r eq u a tio n  was u sed . I t  is va lid  b e tw een  x  =  0.04 — 0.75.

The ac tiv a tio n  energy  is 38.2 k ca l. E q u a tio n  (3) describes th e  decom posi
tio n  in a sim ilar ra n g e : in  th is  case th e  ac tiv a tio n  en e rg y  is 40.0 kcal.

Fig. 9. а -í curves o f  th e  decom position  o f zinc p e rch lo ra te , (1) 310° C; (2) 300° C; 
(3) 296° C; (4) 290° C; (5) 285° C

Fig. 10. K in e tical analysis o f th e  d ecom position  of zinc p e rch lo ra te  b y  th e  f irs t  o rd e r eq u atio n
(1) 303° C; (2) 290° C; (3) 285° C
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Table IV
K in etic  data fo r  the decomposition o f  zinc perchlorate

No. T emperature, 
°C k3 • 103 (min.-1) • 10s (min.-1)

31 285 4.8 2.57

30 290 5.17 3.05

27 296 6.8 4.70

28 303 11.5 7.24

29 308 14.2 8.40
32 310 20.8 12.4

A ctiva tion  e n erg y , kcal. 38.2 40.7
F requency  fa c to r , m in . -1 3.73 • 1012 2.11 • 1013

/c3 ; a =  0.04— 0.75 fc5 ; a  =  0 .01— 0.75

F o rm atio n  o f z inc ch lo ra te  was n o t o b serv ed  du ring  th e  reac tio n . F rom  
s tu d y in g  th e  effect o f  th e  reac tio n  p ro d u c ts , i t  ap p eared  t h a t  zinc oxide h ad  
p ra c tic a lly  no in fluence  on th e  decom position , while zinc ch lo ride  defin ite ly  
in h ib ite d  th e  re a c tio n  in  a 1 : 1 m olar ra tio . K in e tic  resu lts  a re  sum m arized  
in  T a b le  IV.

Lead perchlorate

T h e decom position  of lead  p e rch lo ra te  w as stu d ied  in  th e  tem p era tu re  
ra n g e  of 320—355°. T h e  decom pisition  occu rred  m ain ly  b y  th e  reaction

P b(C 104) =  P bC l2 +  2 0 2 (11)
a n d  th e  reaction

P b(C 104)2 =  PbO  +  Cl2 +  3.5 0 ,  (12)

Table V
K in e tic  data fo r  the decomposition o f  lead perchlorate

No. Temperature,
°C k 3 • 103 (min.-1) k b • 103 (min.-1)

23 330 4.01 2.24

22 336 5.69 3.04

20 340 7.64 4.64

19 345 9,05 6.00

17 350 11.82 8.85

18 355 16.14 10.32

A c tiv a tio n  en erg y , kcal. 42.4 46.3

F req u en cy  fa c to r , m in . -1 9.76 • 1012 6.07 • 1013

; a  =  0.005— 0.86 a n d  a  =  0.15—0.7 resp . ; a  =  0.04— 0.7
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p lay ed  a lesser ro le. N o tra n s itio n a l fo rm a tio n  of lead  ch lo ra te  was found . T he 
ru n  o f th e  x  — t cu rve  is s im ilar to  t h a t  of zinc pe rch lo ra te .

T he m a th e m a tic a l analysis of th e  curves was done b y  th e  above ra te  
eq u a tio n s. A t h ig h er te m p e ra tu re s  th e  firs t-o rd e r e q u a tio n  described th e  
reac tio n  p rac tica lly  from  its  beg in n in g  to  x  =  0.86. A t low er te m p e ra tu re s  tw o  
stages w ere o b ta in ed . T he f irs t an d  lo n g er phase w as v a lid  in  th e  range  x  =  
— 0 .15—0.7. E q u a tio n  (3) y ie lded  a s tra ig h t in  th e  ran g e  x  =  0 .04—0.7.

T he v alue  of th e  a c tiv a tio n  energ ies is 42.4 kcal, an d  46.3 kcal, resp ec
tiv e ly .

T he k ine tic  d a ta  are  show n in T ab le  Y.

F ig. 11. a -t curves o f th e  d ecom position  of lead  p e rch lo ra te .
(1) 355° C; (2) 330° C; (3) 345° C; (4) 340° C; (5) 336° C; (6) 330° C

Fig. 12. K in e tical ana ly sis  o f th e  d ecom position  of lead  p e rch lo ra te  b y  th e
1— (1—oc)1/ 3 -= k5l e q u a tio n . (1) 355° C; (2) 345° C; (3) 340° C; (4) 336° C; (5) 330° C
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Discussion

T he decom position  o f  th e  p e rch lo ra tes  of th e  d iv a le n t m e ta l ions in v e s ti
g a te d  to o k  place a t  a low er te m p e ra tu re  th a n  th a t  o f a lka li p e rch lo ra tes . O n th e  
basis  o f th e  ch a ra c te ris tic s  o f th e  decom positions, th e  m a te ria ls  can  be d iv ided  
in to  th ree  groups:

(a) In  th e  case o f  b a r iu m  p e rch lo ra te , th e  b eh av io u r d iffers from  th a t  o f 
o th e r  perch lo ra tes b y  its  ex trem ely  fa s t reac tio n  ta k in g  p lace  a fte r  th e  sh o rt, 
slow  decom position . I n  th is  fa s t period  a b o u t 50%  of th e  m a te r ia l is consum ed. 
I t  could  be supposed  t h a t  th e  accelera tion  o f th e  reac tio n  w as due to  th e  m e lt
in g  o f  th e  m ateria l. T h e  m elting  p o in t o f th e  pu re  m a te ria l is 472°. A ccording 
to  o u r observations, h ow ever, bariu m  p e rch lo ra te  m elts a t  a b o u t 450° du ring  
th e  in itia l p a r t  of decom position . This show s th a t  for reduc ing  th e  m elting  p o in t 
o f b a riu m  p e rch lo ra te , a co m p ara tiv e ly  sm all q u a n tity  o f b a riu m  chloride is 
su ffic ien t. I t  m ay  m ean  t h a t  th e  eu tec tic  com position  is sh ifted  tow ards b a riu m  
p erch lo ra te . A fte r a decom position  of a b o u t 50% , th e  m a te r ia l becom es s tab le  
ag a in , and  th e  ra te  o f  decom position  decreases; th is  is p ro b a b ly  due to  th e  
accu m u la tio n  of b a r iu m  chloride, an d  to  th e  co n seq u en t reso lid ification  o f 
b a r iu m  p erch lo ra te .

R esu lts in  acco rd an ce  w ith  th e  ab o v e  considera tions w ere also o b ta in ed  
w h en  b a riu m  ch lo ride  w as f irs t adm ixed  to  th e  b a riu m  perch lo ra te . In  th e  
p resence  of b a riu m  ch lo ride  th e  decom position  began  sooner; how ever, b a riu m  
ch lo ride defin ite ly  in h ib ite d  th e  deve lopm en t of th e  fa s t reac tio n , and decreased  
its  e x te n t. T his e ffec t becam e g rea te r w ith  th e  increase o f th e  q u a n ti ty  o f 
b a r iu m  chloride.

(b) Special a t te n t io n  m u st be g iven  to  th e  b eh av io u r of m agnesium  p e r 
ch lo ra te . In  th e  course  o f  th e  reac tio n  th e re  w as no p h a se  change, an d  th e  
reac tio n  occurred  th ro u g h o u t in  th e  solid . D esp ite  th is , th e  ru n  of th e  x  — t 
cu rves w as ra th e r  ir re g u la r , w hich w as p ro b a b ly  due to  th e  fa c t th a t  th e  decom 
p o sitio n  to o k  p lace stepw ise  (see la te r).

(c) T he decom positions of th e  p e rch lo ra tes  o f le ad , cadm ium , an d  zinc 
a re  sim ilar, being  m ild ly  a u to c a ta ly tic . A ll th e  th ree  m a te ria ls  m elted  in  th e  
course of th e  reac tio n .

T he b eh av io u r o f  th e  m ateria ls  described  above also appeared  in  th e  
k in e tic  ev a lu a tio n  o f  th e  decom position . T he Prout—T o m p k in s  eq u a tio n  gave 
tw o  s tra ig h ts  ch a rac te riz in g  th e  decom position  of b a r iu m  p erch lo ra te . O ne 
re fe rred  to  th e  fa s t  m o lten -p h ase  reac tio n , an d  th e  o th e r  to  th e  m uch slow er 
so lid-phase decom position . T he m onom olecular decay  eq u a tio n  and  th e  “ co n 
tra c tin g  cube”  fo rm u la  seem ed to  be su itab le  only  fo r describ ing  th e  second , 
slow decom position . A fte r  th e  in itia l r a te  m ax im um , how ever, these  eq u a tio n s  
described  th e  decom position  of th e  p e rch lo ra tes  of m agnesium , cad m iu m , 
lead  an d  zinc, to  a b o u t x  — 0.8.
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Sim ilarly  to  th e  ch a rac teris tic s  of a lkali p e rch lo ra tes , th e  decom position  
p ro d u c ts  of b a riu m  an d  cadm ium  perch lo ra tes are, a lm o st exclusively , m e ta l 
ch loride and  oxygen . O nly  5 .5 %  chlorine w as found  even  in  th e  decom position  
o f  lead  p e rch lo ra te . T he m ain  reac tio n  eq u a tio n  is:

Me(C104)2 =  M eCl, +  4 0 2.

Table VI
Equivalent heats o f  fo rm ation  fo r  chlorides and oxides (kcal.)

Chlorides Нгэв/п Oxides H?„/„

B aC l2 — 102.78 BaO —66.5 — 36.28

MgCl2 — 76.6 MgO — 71.83 — 4.75

CdClj — 46.5 CdO — 30.6 - 1 5 .9

ZnC l, -  49.7 ZnO — 41.7 — 8.0

PbC I2 — 42.92 PbO — 26.2 — 16.72

n  =  v a len cy  of th e  cations.

T he decom position  o f m agnesium  an d  zinc p e rch lo ra tes  likew ise y ie ld  
ch loride an d  oxide, b u t  here  th e  process

M e(C104)2 =  MeO +  Cl2 +  3.5 0 2
also occurs.

T he d irec tion  of th e  decom position  of d iv a len t m e ta l perch lo ra tes  is in  
acco rdance  w ith  th e  ex p e c ta tio n  of M a r k o w i t z  [6]; n am ely , if  th e  free energy 
d a ta  are  n o t av a ilab le , th e  eq u iv a len t en tha lp ies of fo rm a tio n  of th e  possible 
re a c tio n  p ro d u c ts  m ay  be u sed  as guides to  fo rm u la tin g  th e  ex p ec ted  reaction  
resid u e . As T ab le  V I show s, th e  eq u iv a len t h e a t o f fo rm a tio n  o f b ariu m , ca d 
m iu m  an d  lead  ch lorides, is m uch  g rea te r (negative) th a n  th a t  o f th e  oxide. 
In  th e  case o f m agnesium  and  zinc p e rch lo ra tes , w hen  th e  decom position  is 
b i-d irec tio n a l, th e  d ifference betw een  th e  h e a t of fo rm a tio n  of th e  chlorides 
a n d  oxides is essen tia lly  sm aller.

In  c o n tra s t to  a lka li perch lo ra tes , th e  a c tiv a tio n  energies o f th e  decom 
p o sitions o f th e se  sa lts  d iffer considerab ly  from  each o th e r. T he value of th e  
a c tiv a tio n  energy  o b ta in e d  for th e  decom position  o f b a riu m  an d  cadm ium  p e r
ch lo ra tes  w as n ea rly  60 kcal. T h is was th e  case w hen  th e  decom position  to o k  
p lace  in  th e  d irec tio n  o f th e  fo rm atio n  o f chloride an d  oxygen . A n a c tiv a tio n  
energy  of ab o u t 40 kcal. w as o b ta in ed  in  th e  o th e r th re e  cases, w hen  th e  decom 
p o sitio n  w as b i-d irec tio n a l. H ere , as w ith  a lkali p e rch lo ra tes , i t  m ay  also be 
assum ed  th a t  th e  f irs t  s tep  o f th e  decom position  is th e  fo rm a tio n  of ch lo ra te :

M e(C104)2 =  Me(C103)2 +  0 2 (1)
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w h ich  is follow ed b y  th e  reac tio n s

M e(C103)2 =  M e(C102) +  0 2 (2)

a n d  M e(C102)2 =  MeCl -)- 2 0 2. (3)

In  add itio n  to  th e  above  p rocesses, th e  d isp ro p o rtio n a tio n  o f ch lo ra tes 
to  p e rch lo ra tes  can  also ta k e  p lace:

4 M e(C103), =  3 M e(C104)2 +  MeCl2. (4)

F o rm a tio n  of ch lo ra te  w as d e te c te d  on ly  in  th e  decom position  o f b a riu m  
p e rc h lo ra te . No ch lo ra te  o r ch lo rite  w as found  in  th e  decom position  of th e  
re s t o f  th e  perch lo ra tes . V ery  few  d a ta  are  know n in th e  l i te ra tu re  concern ing  
th e  s ta b ili ty  of ch lo ra tes an d  ch lo rites.

A ccording to  our in v es tig a tio n s , b a r iu m  chlorite  is c o n v e rted  in to  b a riu m  
c h lo ra te  in  th e  range  130— 160° w ith o u t gas evo lu tion , w hile above 195° it 
ex p lo d es  [3]. The decom position  of b a r iu m  ch lo ra te  begins a t  a b o u t 400°, b u t  
as w ell as th e  decom position , th e  tra n s fo rm a tio n  to  b a riu m  p e rch lo ra te  also 
ta k e s  p lace  [4]. T he d ecom position  o f th e  lead  ch lo ra te  s ta r ts  a t  195°, an d  a fte r 
a  lo n g  in d u c tio n  period , i t  ta k e s  p lace  a t  a v e ry  h igh ra te  [4]. T h e  explosion 
o f  le ad  ch lorite  occurs a t  112° [3].

T h e  stab ilities  o f th e  ch lo ra tes o f zinc and  cadm ium  are  n o t know n, b u t 
considering  th e  above d a ta  i t  is possib le t h a t  th e  above reac tio n s (2), (3) and  
(4) a re  in  every  case fa s te r  th a n  th e  f ir s t  s tep . So it  seem s v e ry  likely  th a t  th e  
ra te -d e te rm in in g  s tep  is th e  f irs t one, w h ich  involves th e  ru p tu re  o f th e  C l—0  
b o n d . T h is m echanism  is v a lid  f irs t o f all fo r th e  decom position  of b a riu m  and  
cad m iu m  perch lo ra tes .

T h e  decom position  o f th e  re s t  o f th e  p e rch lo ra tes  is m ore com plex. 
Z in o v j e v  and  T h s u d in o v a  [2 ], on th e  basis of th e rm o g rav im e tric  an d  D TA  
in v es tig a tio n s , described  th e  decom position  of m agnesium  p e rch lo ra te  b y  th e  
fo llow ing reaction  schem e:

0 C I0 3 x M g—ОСЮ 3
2M g< =  C 1,07 +  0 <  (5)

ЧХЛОз x M g - 0 C 1 0 3

C120 7 =  CL +  3.5 0 2 ( 6)

/M g 0 C 1 0 3 /M g C l
0 <  = 0 \  +  2 0 2 (7)

x M g0C 103 x MgCl

O ur experim en ts  p erfo rm ed  w ith  m agnesium  p e rch lo ra te  u n d e r  iso th e r
m ic  conditions seem  to  su p p o rt th e  stepw ise  decom position . In  th e  o th e r cases,
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n e ith e r  th e  d e riv a to g rap h ic  s tud ies (no t ex p o u n d ed  in  d e ta il here), n o r th e  
m easu rem en ts co n d u c ted  u n d e r iso therm ic co n d itions p o in t to  a stepw ise 
decom position .

A ccording to  th e  above schem e, 2 m oles o f p e rch lo ra te  give 1 m ole of 
chlorine. T he q u a n t i ty  of ch lorine found  d u ring  o u r ex p e rim en ts  was in  every  
case sm aller th a n  th is , w hich  m eans th a t  e ith e r reac tio n s  (1), (2) an d  (3) ta k e  
p lace para lle l to  th e  above, or t h a t  th e  chlorine fo rm ed  reac ts  w ith  th e  m e ta l 
oxide:

MgO +  CI2 =  MgCl2 +  - * 0 2 . (8)

Table VII

Som e characteristic data o f  the cations and compounds

Compound
Melting
point.

°C

Radius
of

cation,
A

Ionization
potential,

eV

Polari
zability

of
cation

F *

Ionic
char
acter

of
the

bond,
n,

Refractive
index °c

Ba(C104)., 470 1.35 10.00 2.5 45.1 1.5327 440

Mg(C104)., 600 0.78 15.03 — 5.444 35.7 — 393.1
Cd(C104).. 1.03 16.90 1.8 5.750 22.6 1.486 392.6

Zn(C104) ,, 0.83 17.96 0.8 6.654 19.6 1.501 297.8

Ph(C10,).. 1.25 15.03 4.9 3.876 17.3 1.587 341.9

Z*
F *  =  —— w here F * =  e ffective  e lectric  field  s tre n g th  of th e  cation  

r~
r =  rad iu s  o f ca tio n
Z* =  effective  n u c lea r charge
t0 =  c h a rac te ris tic  te m p e ra tu re  w here k s — 5 • 10 :,/m in .

I t  is n o t possib le  to  e v a lu a te  th e  k inetics an d  th e  d e ta iled  m echan ism  o f 
th e  decom position  o f m agnesium  an d  zinc p e rch lo ra te  on th e  basis of th e  m eas
u rem en ts  p erfo rm ed  u n til  now . T h is can  only  be  done w hen  i t  is tech n ica lly  
possib le  to  have  a con tin u o u s re g is tra tio n  of th e  q u a n t i ty  o f th e  chlorine fo rm ed , 
in  ad d itio n  to  m easu rin g  th e  p ressu re  of th e  oxygen . (A t p re se n t th e  decom po
sition  o f th e  m a te ria ls  is follow ed b y  m easuring  on ly  th e  p ressu re  of th e  oxygen  
form ed.) One m u st also lea rn  th e  ch arac teris tics  o f th e  reac tio n s betw een  ch lo
ride  an d  oxygen , a n d  oxide an d  ch lorine, respective ly .

To describe th e  s ta b ility  of th e  perch lo ra tes , th e  te m p e ra tu re  v alue  w as 
also ca lcu la ted  w here  th e  ra te  c o n s ta n t of th e  d ecom position  is 5 • 10~3/m in . 
As a basis fo r com parison , th e  ra te  co n stan ts  of th e  “ c o n tra c tin g  cu b e”  fo rm ula  
w ere chosen, as th e y  can  be  d e te rm in ed  sa tis fac to rily  in  every  case. T he 
s ta b ili ty  o rder o f th e  d iv a len t p erch lo ra tes  was th e  fo llow ing: b a riu m  — m ag n e
s iu m — cad m iu m —le a d —zinc .
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S om e d a ta  concern ing  th e  b o nds an d  th e  ch a rac te ris tic s  o f th e  cations 
a re  su m m arized  in T ab le  V I I .

T h e  s tu d y  of a lka li p e rc h lo ra tes  has rev ea led  th a t  th e  s ta b ili ty  of th e  
co m p o u n d s  is de term ined  b y  th e  ionic c h a ra c te r  o f th e  b o n d  b e tw een  th e  m eta l 
ion  a n d  th e  com plex an io n , an d  th e  p o la riz ing  pow er of th e  ca tio n s . T h is con
c lu sio n  is va lid  — w ith  th e  ex cep tio n  o f lead  p e rch lo ra te  — fo r th e  d iv a len t 
m e ta l p e rch lo ra tes , an d  also  w hen  co m p arin g  th e  th e rm a l b e h a v io u r  o f alkali 
a n d  d iv a le n t m etal p e rc h lo ra tes . T h e  s ta b ili ty  o f th e  sa lts  decreases w ith  th e  
d ec rease  in  th e  p ercen tage  o f  ionic c h a ra c te r  o f th e  bo n d  an d  w ith  th e  increase 
o f th e  effective electric fie ld  s tre n g th  o f th e  ca tions.

I n  our earlier e x p e rim e n ts  th e  decom position  o f s ilver p e rc h lo ra te  was 
also s tu d ie d  [5]. T he ion ic  c h a ra c te r  o f  silver p e rch lo ra te  is 3 6 .2%  an d  th e  
e ffec tiv e  electric fie ld  s tre n g th  o f th e  silver ion  is 3.394. O n th e  basis  o f th e  
a b o v e , th e  s tab ility  o f s ilv e r p e rch lo ra te  m u s t fa ll be tw een  th a t  o f  b a r iu m  and 
l i th iu m  perch lo ra te . T h e  c h a ra c te ris tic  te m p e ra tu re  d e te rm in ed  from  th e  
k in e tic  d a ta  was 420°, w h ich , accord ing  to  ex p ec ta tio n s, is, in d eed , b e tw een  th e  
c h a ra c te r is tic  te m p e ra tu re s  of th e  decom positions of th e  above tw o  com pounds.

T he au th o r’s th an k s  a re  d u e  to  M r. Gy. B r a u n  a n d  Mrs. F . T akács fo r th e ir  assistance  
in  th e  ex p erim en ts.

SU M M A RY

T h e  therm al decom position  o f b a riu m , m agnesium , cadm ium , z inc  a n d  lead  perch lo 
ra te s  h a s  b een  studied . B a riu m  a n d  cad m iu m  p e rch lo ra te s  decom posed to  ch lo ride  an d  oxygen, 
w h ile  th e  decom position o f th e  o th e r  sa lts  re su lted  in  chlorides, oxides a n d  d iffe re n t gases. 
T h e  decom position  of th e  su b s ta n c es  can  be  described  b y  d iffe ren t e q u a tio n s , a n d  th e  ra te  
c o n s ta n ts  an d  th e  ac tiv a tio n  energ ies o f th e  re ac tio n  h av e  been  ca lcu la ted . T he s ta b ili ty  o rder 
o f  th e  p e rch lo ra te  salts has also  b een  d e te rm in ed  an d  i t  decreases in  th e  o rd e r: b a r iu m —m agne
s iu m - c a d m iu m —lea d —zinc. T h is  o rd e r is in te rp re te d  b y  th e  effective e lectric  fie ld  s tren g th  
o f th e  ca tio n s and th e  ionic c h a ra c te r  o f  th e  com pounds.
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In tro d u c tio n

I n  tw o  p rev ious papers [1, 2 ], th e re  w as discussed th e  co rre la tio n  b e tw een  
th e  freq u en cy  an d  v ib ra tio n a l fo rm  o f ra d ia l sk e le ta l v ib ra tio n s  an d  in -p lane  
C H  b en d in g  m odes. I n  th e  p re sen t w o rk  th e  co rre la tio n  ex is tin g  b e tw een  th e  
freq u en cy  an d  v ib ra tio n a l form  o f th e  o u t-o f-p lan e  CH v ib ra tio n s , an d , on th e  
o th e r  h a n d , th e  spectroscopic  p ro p e rtie s  o f  th e  su b s titu e n ts  w ill be tre a te d . 
Y o u n g ,  D u  V a l l  an d  W r i g h t  [3] called  a t te n tio n  to  th e  an a ly tic a l im p o rtan ce  
o f th e  sp ec tra l range betw een  1700 an d  2000  c m -1 . T h is is th e  reg ion  w here th e  
c o m b in a tio n  tones, an d  occasionally  th e  o v erto n es o f th e  o u t-o f-p lan e  CH v i
b ra tio n s  ap p ear. S ince th e  ou t-o f-p lane  C H  frequencies them selves are  f irs t  o f 
all ch a ra c te ris tic  o f th e  site  of su b s ti tu tio n , th e  frequencies a n d  in ten s itie s  o f  
th e ir  co m b in a tio n  to n es are ra th e r  c o n s ta n t in  th e  in fra red  sp ec tra .

T h e  re la tio n  betw een  th e  o u t-o f-p lan e  C H  v ib ra tio n  o f th e  low est fre 
qu en cy , th e  so-called um brella  v ib ra tio n , an d  th e  n u m b er o f th e  a d ja c e n t 
u n su b s titu te d  hydrogens of th e  a ro m a tic  rin g  has been  d iscovered  b y  a n u m b e r 
o f w ell-know n resea rch  w orkers. T h e ir  re su lts  h av e  been  su m m arized  b y  
B e l l a m y  [4]. T he freq u en cy  of th e  u m b re lla  v ib ra tio n  o f b en zen e  is 673 c m -1  
(acco rd ing  to  B r o d e r s e n  and  L a n g s e t h  [5 ]) . In  m o n o su b s titu te d  benzene  
d e riv a tiv e s , w here th e re  are five u n s u b s ti tu te d  a d jacen t h y d ro g en  a to m s, th e  
co rrespond ing  freq u en cy  range is 730 — 770  c m -1 , accord ing  to  Cq l t h u p  [6] 
(d isregard ing  s tro n g ly  e le c tro n -a ttra c tin g  su b s titu e n ts ) . T h e  u m b re lla  v ib ra 
tio n  freq u en cy  of oriA o-d isubstitu ted  benzenes is found  be tw een  735 an d  770 
c m -1  (fou r ad jacen t hydrogens), w hile fo r m e ia -d isu b stitu ted  a n d  r ic - tr isu b s ti-  
tu te d  benzene de riv a tiv es  th e  co rrespond ing  freq u en cy  range is 750 — 810  c m -1 . 
In  th e  la t te r  ty p e  th e re  are only th re e  a d ja c e n t hydrogens left u n s u b s titu te d . 
In  th e  cases of p a r  a-Ai-, asym -tri-, a n d  o rfA o -te trasu b stitu tio n  (tw o  a d ja c e n t 
h yd rogens), th e  freq u en cy  range is 8 0 0 — 860 c m -1 , while f in a lly  in  all th o se  
su b s titu tio n  ty p es w here  only iso la ted  h y d ro g en s  can  be fo u n d , th e  u m b re lla  
v ib ra tio n  occurs be tw een  860 and  900  c m -1 . V a n  B in s t , D a v is , S m it  an d
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M a r t i n  [7] de te rm in ed  th e  in te rac tio n  force c o n s ta n ts  o f th e  um brella  v ib ra 
tio n  in  d ifferen t so lv en ts . A ccording to  th e ir  ca lcu la tio n s, e.g. in  CS2 as th e  
so lv en t, th e  frequency  va lu es  are th e  fo llow ing, in  th e  o rd e r of th e  decreasing  
n u m b e r six to  one o f  a d ja c e n t u n s u b s titu te d  h y d ro g en s: 675, 716, 736, 762, 
804 an d  865 c m -1 .

52 VARSÁNYI: CHARACTERISTIC NORMAL VIBRATIONS OF BENZENE DERIVATIVES, II I

Interpretation of the frequency course according to the principle of orbital
follow ing

In  th e  u m b re lla  v ib ra tio n  all h y d ro g en  a to m s m ove in  th e  sam e phase . 
I f  th e  carbon  atom s p rese rv e  th e ir  sp2 p la n a r  h y b rid iz a tio n  s ta te  d u rin g  th e  
v ib ra tio n , th e  C — C b o n d s  m ust be “ b e n t” . T he b en d in g  o f th e  bonds, how ever,

F ig . 1

does n o t involve an  essen tia l decrease o f th e  o rb ita l overlap  (the o rb ita ls  “ fo l
low ”  one an o th e r), so t h a t  th e  force c o n s ta n t o f th e  ou t-o f-p lane  v ib ra tio n  is 
sm alle r th a n  i t  is in  th o se  m odes w here  th e  a d ja c e n t hydrogens are  d isp laced  
ou t-o f-p lane  from  th e ir  equ ilib rium  p o sitio n s. In  th e  la t te r  case th e  C —C b o n d  
d irec tions will te n d  a p a r t  while th e  p la n a r  h y b rid  sp2 ch a rac te r is re ta in e d , 
w h ich  leads to  an  increase  of th e  force c o n s ta n t.

In  order to  p ro v id e  a s e m i-q u a n tita tiv e  exp lic it descrip tion  of th e  o rb ita l-
N

follow ing, a p a ra m e te r  can  be defined: J S  A j A ^  w here М,- a n d A ; are th e  v ib rá 
lni
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tio n a l am p litu d es o f th e  tw o a d jacen t hydrogens, resp . belonging to  th e  i - th  
C — C b o n d , and  th e  su m m ation  e x te n d s  over th e  N  n u m b e r of th e  C — C b o n d s 
co n n ec tin g  th e  u n su b s titu te d  a d ja c e n t m e th in e  groups. W hen th e  presence o f 
m ore th a n  one s u b s titu e n t gives rise to  m ore th a n  one iso la ted  m eth in e  chains 
in  th e  a ro m a tic  ring , th e  p a ram ete r sh o u ld  be com ple ted  b y  th e  exp ression : 

N / é ]
x  =  ^  A j A j  1 -)- — - , w here d — 0, i f  th e re  is no second m eth ine  chain , w hile 

i = i  3

Ö =  1 if  th e re  is such  a chain. The l a t t e r  case occurs on ly  fo r p a ra  d isu b s ti tu 
tio n . F ig . 1 depicts th e  six  ou t-o f-p lane  CH v ib ra tio n s  o f benzene using  n o r 
m alized  am p litu d es, a n d  th e  co rrespond ing  x  values a re  given. T he freq u en cy  
d a ta  are  ta k e n  from  th e  w ork of B r o d e r s e n  an d  L a n g s e t h  [ 5 ] .

T h e in te rp o la tio n  form ula g iven  below  rep roduces v e ry  well th e  o u t-o f
p lan e  C H  frequencies o f benzene:

v0 =  932.5 -  56.9 x  -j— j x  — 1.8 |(x — l ^ j c m “ 1 (1)

T he ca lcu la ted  va lu es  are: v011 =  673 .5 ; r 010 =  846.7; r 017 =  967.1; an d  
v05 =  989.7 c m -1 .

The effect o f substitution on the frequencies of the perpendicular CH vibrations

K r o s s , F a s s e l  a n d  M a r g o s h e s  [ 8 ]  have re p o rte d  th a t  th e  freq u en cy  o f  

th e  u m b re lla  v ib ra tio n  increases w ith  th e  — M  effect o f th e  s u b s ti tu e n t. 
A ccord ing  to  th e ir  in te rp re ta tio n , th e  sp 2 h y b rid ized  g round  s ta te  in te ra c ts  
w ith  th e  sp 3 s ta te  in  th e  ou t-of-p lane C H  v ib ra tio n s , in  w hich th e  hyd ro g en  
w ould n o t he found  in  th e  plane of th e  rin g . T he in te ra c tio n  resu lts in a decrease  
of th e  b en d in g  freq u en cy  and  force c o n s ta n t . I f  th e  я -e lec tron  d ensity  is red u ced  
on th e  ca rb o n  a to m  ca rry in g  the h y d ro g e n , th e  in te ra c tio n  energy is red u ced  
as w ell, w hich  can  be  described il lu s tra tiv e ly  b y  say in g  th a t  th e  a c tiv a tio n  
energy  fo r th e  tra n s it io n  in to  th e  s p s s ta te  is increased , w hereby  th e  b o n d  
becom es m ore rig id  to w ard s  bending, th e  force c o n s ta n t an d  th e  freq u en cy  a re  
increased . T he decisive role of th e  я -e lec trons is p ro v ed  b y  th e  o b se rv a tio n  
th a t  a lth o u g h  th e  cyano  and  nitro  g ro u p s have  sim ilar e lec tronegativ ities, th e  
cyano  g roup  is n eg a tiv e  due m ainly  to  in d u c tiv e  effect, w hile th e  n itro  g roup  
has in  ad d itio n  a v e ry  im p o rta n t — M  effect, so t h a t  th e  la t te r  gives rise  to  a 
g re a te r  increase o f th e  frequency  of th e  u m b re lla  v ib ra tio n . A sim ilar tre n d  in  
th e  frequencies can be  observed fo r th e  o th e r ou t-o f-p lan e  CH v ib ra tio n s .

M a r g o s h e s  an d  F a s s e l  [9] e s tab lish ed  fo r m onoatom ic  s u b s titu e n ts  
th a t  th e  freq u en cy  can  be linearly  c o rre la ted  w ith  th e  reduced  m ass o f th e  
s u b s ti tu e n t. T he on ly  m ino r defect in  th is  th e o ry  is t h a t  it  also applies to  d eu te -  
robenzene, a lth o u g h  th e  778 cm -1 fre q u e n c y  of th e  la t te r  does n o t belong  to
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th e  u m b re lla  v ib ra tio n . T h e  above re la tio n  does n o t hold  for p o ly a to m ic  su b s ti
tu e n ts .  A sim ilar o p in io n  was exp ressed  b y  T h o m p s o n  e t  al. [10, 11], w ho o b 
ta in e d  725 c m -1  fo r  m o n o su b s titu tio n  u s in g  an  in fin ite ly  large  reduced  m ass 
in  th e  calcu lations.

B e l l a m y  [12] d rew  a para lle l b e tw e e n  th e  frequencies o f th e  carbony l- 
a n d  um bre lla  v ib ra tio n s  of ca rbony l d e riv a tiv e s . B y  sim plify ing  th is  th e o ry ,

5 4  VARSÁNYI: CHARACTERISTIC NORMAL VIBRATIONS OF BENZENE DERIVATIVES, III
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F i g .  2b
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i t  can  be  s ta te d  t h a t  th e  lower th e  c a rb o n y l freq u en cy  of th e  s u b s titu e n t co n 
ta in in g  th e  ca rb o n y l group, i.e. th e  g re a te r  its  — M  effect, th e  h ig h e r th e  
freq u en cy  o f th e  u m b re lla  v ib ra tio n . U n fo r tu n a te ly , th is  is n o t alw ays tru e ,  an d  
th e  ap p lica tio n  o f  th is  th eo ry  to  th e  u m b re lla  v ib ra tio n  of benzoy l ch lo ride , 
m e th y l b en zo a te  a n d  e th y l b en zo a te  le d  to  som e fallacious assignm ents b y  th e  
above a u th o r .

G r i f f i t h s  a n d  D e r w i s h  [13] in te rp re te d  th e  effect o f n eg a tiv e  s u b s ti
tu e n ts  on  th e  fre q u e n c y  of th e  u m b re lla  v ib ra tio n  b y  an  e lec tro s ta tic  s te ric  
effec t. T h e y  co rrec ted  th e  force c o n s ta n t  w ith  th e  te rm  e'fj • e ^ / r 3, in  w h ich  
exp ression  e#  an d  ej^ a re  th e  ch a rg es  o f th e  h y d ro g en  an d  th e  s u b s ti tu e n t , 
resp ., w hile  r  is th e  d is tan ce  b e tw een  th e m . P lo ttin g  v2 as a fu n c tio n  o f  e^j/r3, 
one o b ta in s  a s tra ig h t line.

B e l l a m y  [14] p lo tte d  th e  su m  o f th e  H am m ett a values of th e  s u b s ti
tu e n ts  fo r meta  a n d  p a ra  d isu b s titu tio n  an d  fo r sy m m etric  tr isu b s ti tu t io n  as 
a fu n c tio n  of th e  freq u en cy ; on th e  b as is  o f som e availab le  values he fo u n d  a 
n e a rly  lin e a r  re la tio n sh ip . The slope o f  th e  th re e  s tra ig h t lines w as a p p ro x i
m a te ly  th e  sam e.

A ccord ing  to  th e  p resen t in v e s tig a tio n , i t  is n o t possible to  give su ch  a 
s tra ig h t co rre la tio n  be tw een  th e  H a m m ett a  va lues an d  th e  freq u en cy  o f th e  
u m b re lla  an d  o th e r  ou t-o f-p lane C H  v ib ra tio n s , as i t  could be ex p ec ted  on  th e  
g ro u n d  o f th e  p a p e r  o f  B e l l a m y  [14]. A s an  illu s tra tio n , F ig . 2 show s th e  f re 
quencies o f  th e  u m b re lla  v ib ra tio n  o f  m ono-, an d  d isu b s titu te d  benzene d e r iv 
a tives as a fu n c tio n  o f th e  H am m ett a  v a lu es . I t  is seen th a t  th e  d esc rip tio n  o f 
th e  freq u en c ies  as a lin e a r  func tion  o f  th e  a  v a lues is a v e ry  rough  a p p ro x im a 
tio n . I t  w as fo u n d  t h a t  th e  frequenc ies can  be  b e t te r  co rre la ted  w ith  th e  so- 
called “ spectroscop ic  m o m en ta”  g iv en  b y  P l a t t  [15]. These m o m en ta  a re  p ro 
p o rtio n a l to  th e  in te n s ity  sq u are -ro o t o f  th e  f irs t  u ltra v io le t b an d  sy stem s of 
s u b s ti tu te d  benzenes, an d  as such  th e y  a re  unam b ig u o u sly  re la te d  to  th e  
tra n s it io n  m o m en ts . A ccording to  ex p e rien ce , th e  in te n s ity  of th e  in te ra c tio n s  
b e tw een  th e  s ta te s  sp 2 an d  sp3 an d  th e  spectroscop ic  m om en ta  are  co rre la ted . 
T he m ore  p o sitiv e  th e  spectroscopic m o m e n t o f th e  su b s titu e n t, th e  low er th e  
freq u en cy  o f  n o t on ly  th e  um brella  v ib ra t io n  b u t  also of th e  ou t-o f-p lan e  C H  
v ib ra tio n s  in  general.

S ince th e  effect o f  th e  s u b s ti tu e n t increasing  th e  in te rac tio n  b e tw een  th e
s ta te s  sp 2 an d  sp 3 influences the  c a rb o n  a to m s, fo r th e  ch a rac te riza tio n  o f  th is

6

effect we m a y  in tro d u c e  a p a ra m e te r  re la te d  to  th e  carbon  a to m s: y =  ^
j = i

\A j_ i  -f- 2 A j  -j- A j+i\, w here A j is th e  a m p litu d e  of th e  j - t h  carbon  a to m , n o r 
m alized  fo r th e  a m p litu d e  of th e  h y d ro g e n  a tta c h e d  to  i t  while A j_ i an d  A j +1 
den o te  th e  a m p litu d es  o f th e  a d ja c e n t c a rb o n  a to m s. F o r th e  am p litu d e  o f  th e  
carbon  a to m  c a rry in g  th e  su b s titu e n t, th e  a r ith m e tic a l m ean  of th e  a m p litu d es  
of th e  tw o  a d ja c e n t ca rb o n  atom s, n o rm a lized  w ith  resp ec t to  th e  h y d ro g en ,
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w as ta k e n . (In  f irs t ap p ro x im a tio n  th e  a m p litu d e  of th e  carbon  a to m  carry ing  
th e  su b s titu e n t w as considered  equal to  zero .) T hus, e.g., fo r th e  10a (17a) 
v ib ra tio n  of 2 ,6 -d isu b s titu te d  benzenes (F ig . 3) we hav e : for C— 1 0; fo r C — 2 
an d  C — 6 2; for C—3 a n d  C — 5 2.5; an d  f in a lly  fo r C—4 0 again . In  th is  case 
У =  9.

T h e q u a n tity  p ro p o rtio n a l to  th e  n u m b e r  o f su b s titu e n ts  w as ta k e n  in to  
a cco u n t as an  a d d itiv e  te rm  to  th e  av erag e  spectroscopic  m o m en tu m . I t  w as 
also ta k e n  in to  acco u n t th a t  su b s titu e n ts  o f id en tica l o rien ta tio n  effect in  
meta  positions b rin g  a b o u t a lte rn a tin g  p o la r ity  on th e  carbon  a tom s, re su ltin g  
i n a  s ta te  of h igher energy  and  in  a s tro n g e r  in te rac tio n  w ith  th e  sp s s ta te .

* о

56 VARSÁNYI: CHARACTERISTIC NORMAL VIBRATIONS OF BENZENE DERIVATIVES, II I

0
F ig . 3

C onsidering  all th e se  a spec ts , th e  fo llow ing in te rp o la tio n  fo rm ula  is p roposed  
fo r all ou t-o f-p lane C H  v ib ra tio n s  o f all b en zen e  derivatives:

v =  v0 ----- —  (Ю н +  5m +  M ) ,  (2)
16

w here  v0 is th e  freq u en cy  defined in  E q . (1), n is th e  n u m b er of su b s titu e n ts , m  
is th e  n u m b er of p a irs  o f su b s titu e n ts  in  th e  meta  positions h av in g  th e  sam e 
o rie n ta tio n  effect, a n d  M  is th e  average  spectroscop ic  m om en tum .

M onosubstitution

I n  th e  case o f a light*  su b s titu e n t th e  ou t-of-p lane C H  v ib ra tio n s  o f  
m o n o su b s titu te d  benzenes can  be tra c e d  b a c k  to  no rm al v ib ra tio n s  5, 10a, 10b, 
11 a n d  17a of benzene  (17b is s tro n g ly  coup led  to  16b, and  can  be qualified  
as a C X  v ib ra tio n ). I n  th e  case of h eav y  su b s titu e n ts , v ib ra tio n  10b is classified 
as C X  m ode, th ere fo re  in s tead  of th e  la t te r  i t  is v ib ra tio n  17b th a t  is considered  
as ou t-o f-p lane  CH v ib ra tio n . In  benzene th e  v ib ra tio n a l form s of 10b and  17b

* A su b s titu e n t is called  “ lig h t”  if  its  a to m ic  w eigh t is less th a n  25 [1]. C o n trary  to  
w h a t h as been s ta te d  in p a p e r  [1], w here i t  w as th e  m ass of th e  f irs t a to m  t h a t  was im p o r ta n t 
in p o ly a to m ic  su b s titu e n ts , in  th e  p resen t case th e  to ta l  m ass of th e  whole su b s ti tu tin g  group  
shou ld  be  considered ow ing to  th e  stronger coup ling  of th e  out-of-p lane v ib ra tio n s. E x cep tio n s  
a re  th o se  su b s titu en t g ro u p s (e.g., e th y l g roup) in w hich  free ro ta tio n  is possible ab o u t th e  
f irs t a to m , since th e  e x tre m e ly  low freq u en cy  o f th ese  c an n o t couple w ith  th e  ou t-o f-p lan e  
CX v ib ra tio n .
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are  d ifferen t, b u t  i f  zero am plitude  is ca lcu la ted  fo r th e  hydrogens in  po sitio n s 
3 an d  5, th e  form s o f th e  tw o v ib ra tio n s  w ill becom e id en tica l. T his m eans t h a t  
in  v ib ra tio n  10b (17b) depending on  th e  su b s titu e n t, th e  am p litu d e  d irec tio n s 
of th e  hydrogens in  positions 3 a n d  5 can  be d iffe ren t as com pared  w ith  th e  
o th e r  hyd rogen  a to m s. B e l l , T h o m p s o n  an d  VÁGÓ [10] ca lcu la ted  th e  n o rm a l 
coo rd inates of th e  out-of-p lane v ib ra tio n s  accord ing  to  th e  valence force fie ld  
m odel. T he schem e fo r th e  CH v ib ra tio n s  o f sy m m etry  can  be seen in F ig . 4.

+ 0,79 - 1,08 + 1,35

F i g .  4

T he f irs t figure co rresponds to  v ib ra tio n  5, th e  second one to  norm al m ode 10b, 
w hile th e  th ird  fig u re  corresponds to  v ib ra tio n  11. In  n o rm al m ode 10b, how 
ever, th e  am p litu d es o f th e  hydrogens in  positions 3 an d  5 are  sm aller b y  tw o  
orders of m ag n itu d e  th a n  those o f th e  o th e rs , so th a t  b y  a sligh t change th e  
form  o f th e  v ib ra tio n  can  transfo rm  to  t h a t  o f 17b. I t  is also im p o rta n t to  p o in t 
o u t th a t  th e  a m p litu d e s  of th e  o rtho -positioned  h y d ro g en s are essen tia lly  
sm aller th a n  tho se  o f  th e  o ther th ree  H -a to m s  in  th e  “ u m b re lla”  v ib ra tio n  11. 
T he v ib ra tio n a l f o r m s / ,  g, h, i and j  g iv en  b y  W h i f f e n  [16] are  show n in F ig . 
5. T he v ib ra tio n a l fo rm s given by  S c h m id , B r a n d m ü l l e k  an d  N o n n e n m a c h e r  
[17] are  v e ry  sim ilar to  those given b y  B e l l  e t  al. H ere  ag a in  th e  3 ,5-positioned 
hydrogens in  v ib ra tio n  10b have m u c h  sm aller a m p litu d es  th a n  th e  o th e rs ,
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a n d  th e  s itu a tio n  is s im ila r for th e  h y d ro g en s  in  positions 2 a n d  6 in  v ib ra tio n  
11 (F ig . 6). B o g o m o lo v ’s v ib ra tio n a l fo rm s [18] are  show n in F ig . 7. T h e  figures 
d isp la y  th e  sam e ch a rac te ris tic s  as all th e  cases d iscussed so fa r . S h im a n o u c h i , 
K a k i u t i  an d  G am o  [19] pub lished  th e  re la tiv e  am plitudes o f th e  ou t-o f-p lane  
C H  v ib ra tio n s  of sy m m e try  bv  acco rd ing  to  w hich  F ig . 8 h as  b e e n  here  co n 
s tru c te d . T here is no  g re a t difference in  th e  am p litu d es o f th e  h y d ro g en s in  v i 
b ra t io n  11, b u t  th e  h y d rogens in po sitio n s 3 an d  5 have  again  th e  sm allest am p li
tu d e s  in  v ib ra tio n  10b. T he am p litu d es in  F igs 4 and  8 are n o rm alized  w ith  
re sp e c t to  th e  am p litu d es  of th e  u m b re lla  v ib ra tio n , ta k e n  as u n its .
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- 0 ,0 5  - 0 ,0 6 2  + 0 ,070

F ig .  7

F ig , 8

MONO
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In  F ig . 9 th e  frequencies of th e  ou t-o f-p lan e  C H  v ib ra tio n s o f m onosub- 
s ti tu te d  benzene  d eriv a tiv es , ta k e n  from  th e  l i te ra tu re , a re  given, w hile  o n  th e  
o rd in a te  ax is  th e  spectroscopic m o m en tu m  is p lo tte d . T h e  averaged  n o rm alized  
am p litu d es are  g iven  for each n o rm al v ib ra tio n , to g e th e r  w ith  th e  co rre sp o n d 
ing x  an d  у  v a lu es . T he eq u a tio n  o f th e  s tra ig h t lines derived  from  E q . (2) 
is th e  fo llow ing:

M = — —  (* — ?0) — (M n  +  5m) (3)
У

Disubstitution

In  p a ra  d isu b s titu tio n  th e  v ib ra tio n a l form s are  g iven  b y  th e  sy m m e try  
p roperties o f th e  p o in t group V h. T he  am p litu d es  o f  th e  fo u r ou t-o f-p lane  CH 
v ib ra tio n s, th e ir  x  an d  у  values, and  l i te ra tu re  freq u en cy  d a ta  w ith  th e  s tra ig h t 
lines given b y  E q . (3) are  show n in  F ig . 10.

F ig . 11
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In  meta d isu b s titu tio n  B e l l , T h o m p s o n  a n d  V ágó  [10] gave , in  th e  o rd er 
of decreasing  frequencies , th e  v ib ra tio n a l fo rm s calcu la ted  b y  th e  use o f th e  
va len ce  force fie ld  fo r b1 sy m m etry  v ib ra tio n s  (F ig . 11). The a m p litu d e  d irec
tio n s  of th e  h y d rogens are th e  sam e in  th e  second and th ird  fo rm s b u t  th e  
ab so lu te  values a re  d ifferen t. T he m idd le  (10b o r 17b) is essen tia lly  th e  o u t-o f
p lan e  v ib ra tio n  of th e  hydrogen  in  p o sitio n  1, w hile th e  r ig h t-h a n d  figu re  is 
th e  in -p h ase  v ib ra tio n  of th e  3,4,5 h y d ro g en s (11). In  Fig. 12 th e  sam e v ib ra -
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31 -152

F ig . 13

F ig . 14
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tio n s  are given w ith  th e  am p litu d es ca lcu la ted  b y  Sh im a n o u c h i , K a k iu t i  an d  
G a m o  [19]. I t  can be seen th a t  in  th e  opinion of th e  above  au th o rs , th e  v ib ra 
tio n  in w hich th e  a m p litu d e  of th e  hyd rogen  in  p o sitio n  1 is p red o m in a tin g  
corresponds to  th e  fo rm  of v ib ra tio n  10b. A ccording to  b o th  T h o m p s o n  et al. 
an d  S h im a n o u c h i et a l., th e  h y d ro g en  in position  1 v ib ra te s  w ith  a sm all b u t  
opposite  am plitude  as com pared  w ith  th e  correspond ing  v ib ra tio n  in  benzene. 
In  F igs 11 and  12 th e  am p litu d es a re  norm alized w ith  re sp ec t to  th e  u m b re lla

-0,074

F ig . 16

F ig . 17

♦ 0,063
-0,044

-0,044

v ib ra tio n  of benzene. In  F ig . 13, th e  v ib ra tio n a l form s ca lcu la ted  b y  N o n n e n - 
m a c h e r  an d  M e c k e  [20] are sh o w n  fo r m efa-difluoro- a n d  d ich lorobenzene. 
T h e  am plitudes are g iven  in  0.001 Ä  u n its . F ig. 14 gives th e  l i te ra tu re  freq u en cy  
d a ta , schem atic  am p litu d es, x  an d  у  p a ram e te rs , an d  th e  s tra ig h t lines acco rd 
ing  to  E q . (3) as well. In  o rder to  g ive  a consisten t re p re se n ta tio n , th e  co rrec tion  
5m is ca lcu la ted  in  each  case for th e  ax is in te rsec tio n  o f th e  s tra ig h t lines; b u t  
w h en  th e  tw o su b s titu e n ts  have d iffe re n t o rien ta tio n  effects, in  o rd er to  com 
p e n sa te  fo r th is , th e ir  M  values w ere  also corrected  b y  5m.

In  ortho d isu b s titu tio n  th e  p h a se  com binations of th e  fo u r h y d rogens are
g iven: —1—1—I—)-, -----—, -\------- 1-----an d  -|------------!~. I n  th e  v ib ra tio n s  10a an d
17a of benzene th e  am p litu d es  o f th e  hydrogens in  po sitio n s 1,4 are  zero, b u t  
in  th e  above typ es a f in ite  a m p litu d e  v a lu e  has been  a t t r ib u te d  to  th e m .
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K a t r it z k y  and  J o n e s  [21] gave th e  sch em atic  v ib ra tio n a l fo rm , denoting  
th e m  b y  IX  —X I I ,  a lth o u g h  n o t  in  th e  r ig h t sequence, since th e y  p u t  th e  form  
o f v ib ra tio n  5 in to  th e  th i rd  p lace accord ing  to  a decreasing  freq u en cy  order, 
in  sp ite  o f th e  fac t th a t  th is  has th e  h ig h est freq u en cy  o f th e  fo u r v ib ra tions. 
B e l l , T h o m p s o n  an d  V á g ó  [10] gave on ly  th e  d iag ram  fo r th e  tw o  v ib ra tio n s 
o f  b1 sy m m etry , in d ic a tin g  also th e  re la tiv e  m ag n itu d es  o f th e  am plitudes 
(F ig . 15). V ery sim ilar re la tiv e  am p litu d es h av e  been  g iven  b y  S h im a n o u c h i , 
K a k i u t i  and  Gam o  [19] (F ig . 16). T he correspond ing  ca lc u la ted  frequencies
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ORTHO-Df.

a re  9 5 0  an d  740 c m -1 , in  th e  sequence o f  th e  figures. B o g o m o lo v  [22] gave 
th e  am p litu d es of all fo u r  v ib ra tio n s  in  Á  u n its  fo r ortho-xylene  (F ig . 17). 
T h e  schem atic  v ib ra tio n a l form s an d  li te ra tu re  freq u en cy  d a ta , to g e th e r w ith  
th e  s tra ig h t lines accord ing  to  E q . (3) for o ri/w -d isu b stitu ted  benzenes are show n 
in  F ig . 18.

Trisubstitution

T here  are only a few  freq u en cy  d a ta  av a ilab le  fo r th e  ou t-o f-p lane  CH 
v ib ra tio n s  of tr is u b s ti tu te d  benzene d e riv a tiv e s . T h e  sch em atic  v ib ra tio n a l 
fo rm s, frequencies an d  s tra ig h t  lines fo r sy m m etric  t r is u b s ti tu t io n  are show n 
in  F ig . 19.

F ig . 20 shows som e o f th e  frequencies , th e  v ib ra tio n a l form s assigned, 
a n d  th e  s tra ig h t lines fo r som e v ic inally  tr is u b s ti tu te d  benzenes. T he o u t-o f
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p lan e  C H  v ib ra tio n a l form s, fo r sy m m e tric  tr isu b s ti tu tio n , given b y  B e l l ,  
T h o m p s o n  an d  VÁGÓ [10], are show n in  F ig . 21. T he f ir s t  o f th ese  is th e  o u t-  
o f-phase v ib ra tio n  o f th e  a d jacen t h y d ro g en s , and  th e  th ird  one is th e  in -p h ase  
m ode o f  th e  sam e. T h e  v ib ra tio n  show n in  th e  m iddle co rresponds to  th e  o u t-o f-

SYM-TRI

VIC-TRI.
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p lan e  v ib ra tio n  o f th e  iso la ted  hydrogen  a to m . T h e  sequence o f th e  figures is 
t h a t  o f decreasing freq u en c ies . T he v ib ra tio n a l fo rm s given b y  Co l e  and  T h o m p 
s o n  [11] are so m ew h at d iffe ren t, specifically  th e  am p litu d es of th e  tw o ad jacen t

- 1,23 + 0,34  +1,15

F ig . 21

+ 1,57

+ 1,

+ 2,18 

F ig . 22

* 0,41

ASYM-TRI.

hydrogens are in -p h a se  in  th e  ou t-o f-p lane  v ib ra tio n  o f th e  iso la ted  hydrogen- 
T h e  sam e au th o rs  h o ld  th e  view  th a t  th e  h y d ro g en  in  p o sitio n  4 v ib ra tes  w ith  
a sm all am p litu d e  b u t  in  opposite  p h ase  in  th e  v ib ra tio n  o f low est frequency . 
T h ey  ca lcu la ted  th e  freq u en cy  830 c m -1  fo r th e  in -phase  v ib ra tio n  of th e  tw o  
a d ja c e n t h y d ro g en s. T h is  is th e  sam e as th e  freq u en cy  of th e  um bre lla  v ib ra tio n
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of sy m m etry  b3u in  p a ra -d is u b s titu tio n , in  w hich m ode all hydrogens m ove in- 
p h ase . F o r th is  reaso n  it  does n o t  seem  u n justified  to  assign  th is  freq u en cy  to  
v ib ra tio n  11 in asym m etric  tr is u b s ti tu t io n , assum ing th a t  also in  th is  m ode 
th e  iso la ted  h y d ro g en  in  position  4  v ib ra te s  w ith  an  am p litu d e  o f th e  sam e

2,3,5,6-TETRA

F ig . 24

1 , 2 , 3 , 4 -T E T R 4

1,2,4 ,6-TETRA

F ig . 26 F ig . 27
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d ire c tio n . The o u t-o f-p lan e  CH am p litu d es ca lcu la ted  b y  S h im a n o u c h i, 
K a k iu t i  and Gamo [19] a re  in  accordance w ith  th is  a ssu m p tio n  (Fig. 22). 
T h e  schem atic  v ib ra tio n a l form s of a sy m m etrica lly  t r is u b s ti tu te d  benzene 
d e riv a tiv e s , th e  co rresp o n d in g  frequencies a n d  s tra ig h t line p lo ts  are show n in
F ig . 23.

Tetra- and pentasubstitution

T here  are even  less l ite ra tu re  d a ta  av a ilab le  fo r th e se  d e riva tives. T h e  
freq u en cy  graphs s im ila r  to  th e  previous ones have  th e  n u m b erin g  24—27.

In  th e  F igures h e re  th e re  are also g iven  som e spectroscop ic  m o m en ta  
t h a t  w ere no t re p o rte d  b y  P latt  [15]. T h ese  values h av e  b een  estim a ted  in  
th is  w ork  on th e  basis  o f  th e  in ten s ity  of th e  f ir s t  b a n d  sy stem  in  th e  u ltrav io le t 
s p e c tra  of th e  co m pounds concerned (excep t fo r n itro b en zen e). T h e  supp lem en
t a r y  d a ta  are su m m arized  in  T able I.

Table I

Some additional data fo r  the spectroscopic m om enta given by P latt  [15]

Substituent M Substituent M

ос.,н5 + 29 NSO -  9
n h „ + 20 C H .C N — 10
N (C H 3) 2 +20 С И Л — 12
N (C 2H 5) , +20 Ac — 15
OAc + 13 CHO — 16
SH +  6 C O N H , — 27
S C H 3 ~\~ 5 COOCH3 — 29
SC 2H 5 +  4 C O O C ,H 5 — 29
NCS +  3 C O F — 30
NCO A, +  1 CO Cl — 32
C = C H 0 C O B r — 33
CHoNCS 0 N O , — 45

C H „O H — 3

SU M M A RY

The frequency  co u rse  o f th e  out-of-p lane CH v ib ra tio n s  o f benzene  deriva tives is in te r 
p re te d  b y  th e  th eo ry  o f  o rb ita l-fo llow ing. W ith  th e  help  o f a p a ra m e te r  defined in th is  w o rk , 
th e  frequencies o f th e  o u t-o f-p lan e  CH v ib ra tio n s  o f benzene are  e x a c tly  reproduced . S u b s ti
tu e n ts  increase th e  in te ra c t io n  of th e  sta tes  sp 2 a n d  s p 3, and  th e re b y , in  general decrease th e  
frequencies. The sp ec tro sco p ic  m om entum  defined  b y  P latt  p roved  to  be th e  best c h a ra c te r 
izing  p ro p erty  for th is  e ffec t. A  general fo rm ula  h as been  e lab o ra ted  w ith  th e  help of th e  p a ra m 
e te r  contain ing  th e  sp ec tro sco p ic  m om entum  fo r all ou t-of-p lane CH frequencies o f all b e n 
zene  derivatives.
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A cta C him ica Academiae Sc ien tia ru m  Hungaricae T o m u s 57 ( 1 ) ,  p p . 69— 82 (1 9 6 8 )

SUR QUELQUES PROBLÈMES POSÉS PAR L’ÉTUDE, 
A TEMPÉRATURE ÉLEVÉE, DES ÉQUILIBRES 

LIQUIDE-SOLIDE DANS LES SYSTÈMES CONTENANT 
UN CONSTITUANT VOLATIL

R . Co h e n -Ad a d , A. T r a n q u a r d  et A. M a r c h a n d

Laboratoire de Chimie 1er Cycle I I  —- Faculté des Sciences — Lyon (6 9 )
R eçu  le 15 sep tem bre  1967

L ’é tude  des équilibres liqu ide-so lide  d ’u n  sy s tèm e  co n ten an t u n  co n s ti
tu a n t  v o la til p ré se n te  des d ifficu ltés de p lus en p lu s  g ran d es , à m esure q u e  la  
tem p é ra tu re  s ’é lève au-dessus du  p o in t d ’ébu llition  de la  so lu tion  sa tu rée , sous 
la  pression a tm o sp h ériq u e .

Ceci est d û  essen tie llem ent a u x  pressions élevées q u i se développen t d an s 
l ’encein te  c o n te n a n t le systèm e e t  q u i e n tra în e n t u n  c e r ta in  nom bre d ’in co n v é
n ien ts :

— im possib ilité , le plus so u v e n t, d ’ag ite r de faço n  efficace les m élanges;
— d é titre m e n t;
— risques de condensations su r  les p a rtie s  fro ides de l ’appareil . . .
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D an s ce tra v a il, l ’in fluence  des fa c te u rs  les p lus gênan ts a é té  é tud iée  dans 
le b u t  de préciser les ca rac té ris tiq u es  de l ’appareillage à u tilise r . D ifférents 
m odèles de bom bes d ’an a ly se  th e rm iq u e , de so lub ilité  ou de m esu re  de tensions 
de v a p e u r  ad ap tés  à l ’é tu d e  de ces systèm es o n t p û  ê tre  c o n s tru its .

T ous les calculs o n t é té  effectués d an s  le cas p a r tic u lie r  du  systèm e 
b in a ire  eau-CoCl2, rep ré sen té  d ans la  f ig u re  1, qu i a fa it l ’o b je t d ’une  é tu d e  
sous p ression  ju s q u ’à la  te m p é ra tu re  de 350° C [1].

T ro is h y d ra te s  se m a n ife s te n t: CoCl2, 6 H 20 ;  CoCl2, 2 H 20  e t  CoCl2, H 20 .  
L ’h e x a h y d ra te  donne, avec la  glace, u n e  eu tex ie  à —27,3°C p o u r  une  com posi
t io n  de 26 g de sel p o u r 100 g de m élange.

U ne p éritex ie  se m an ifeste  à -(-51,25° C co rresp o n d an t à l ’équ ilib re :

CoCl,, 6 H 20  C o C 1 2,  2 H 20  +  liq .

A u x  h y d ra te s  CoCl2, 2 H 20  e t CoCl2, H 20  co rresp o n d en t des fusions non  con
g ru e n te s  à 206,1° C e t 335° C.

Le sel an h y d re  fo n d  à 720° C.
L a so lu tion  sa tu rée  b o u t à 120,2° C sous 760 m m  de m ercu re , p o u r une  

te n e u r  de 53,7%  de CoCl2.

Calcul de la pression

U ne g rande p a r tie  d u  d iag ram m e p ré c é d e n t n ’est accessib le que p a r  une 
é tu d e  sous pression. A v a n t d ’ab o rd e r l ’é tu d e  d ’u n  te l sy stèm e , il é ta it  donc 
n écessa ire  de calculer, m êm e de façon  ap p ro x im a tiv e , l ’o rd re  de g ran d eu r des 
p ress io n s  dans les tu b e s  de m esure , de façon  à constru ire  u n  ap pare illage  possé
d a n t  u n e  résistance  m écan iq u e  su ffisan te .

D eu x  d ifficu ltés se m an ife s ten t a lors:
. d ’u n e  p a r t ,  on ne c o n n a ît rien  des p ro p rié té s  th e rm o d y n am iq u es  des m élanges 

é tu d ié s ,
. d ’a u tre  p a r t ,  un  dom aine  im p o r ta n t d u  systèm e se s itu e  au -dessus du  p o in t 

c r itiq u e  de l ’eau.
I l  es t cep en d an t possib le  de fa ire  u n  calcul grâce a u x  h y p o th èses  sim pli

f ic a tr ices  su iv an tes:
1°) — O n ad m et que  la  so lu tio n  est idéale  e t que la  p ression  de v a p e u r du  

sel est nég ligeable. Si X  est la  fra c tio n  m olaire d u  sel e t  P 0 la  p ression 
de v a p e u r s a tu ra n te  de l’eau , la  p ression  de v a p e u r  de la  so lu tion  est:

P  =  P 0( l  -  x)

2°) — L a courbe de ten sio n s de v a p e u r  d ’eau  est ex trap o lée  au-dessus de la 
te m p é ra tu re  c ritiq u e .

3°) — L a v ap eu r d ’eau  se com p o rte  com m e un  gaz p a rfa it.
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4°) — Les ré su lta ts  son t p résen tés  dans la  fig u re  1. S u r le m êm e d iag ram m e 
son t tracées  les isobares d o n n a n t les te m p é ra tu re s  des solutions s a tu 
rées en fo n c tio n  de la c o n cen tra tio n , les courbes des équilibres liq u id e  
— solide d u  systèm e CoCl2, H 20  e t la  cou rbe  e x p rim a n t la  p ression  de 
v ap eu r de la  so lu tion  sa tu ré e  en fo n c tio n  de la  com position  d u  m élange.

Ces calculs, b ie n  que trè s  a p p ro x im a tifs , co n d u isen t à  un  o rd re  de 
g ran d eu r v a lab le . O n p e u t s 'en  ren d re  com pte  en  c o m p a ra n t les ré su lta ts  q u ’ils 
fo u rn issen t avec les données ex p érim en ta les  lo rsq u e  celles-ci ex is ten t. P a r  
exem ple, p ou r le  sy stèm e  NaCl, H 20  les m esures de K e e v i l  [2] condu isen t à  
une pression de 388,7  bars p o u r u n e  te m p é ra tu re  de 600° C.

P o u r le sy s tè m e  CoCl2—H 20 ,  la  p ression  m ax im ale  a tte in te  dans le tu b e  
de m esure est de l ’o rd re  de 900 b a rs , si on ne d épasse  p as  tro p  les te m p é ra tu re s  
de fin  de fusion.

Détitrem ent des m élanges

L orsqu ’on ch au ffe  un  échan tillon  de co m position  d éterm inée  dans u n e  
encein te  h e rm é tiq u e m e n t close, u n e  m asse d ’eau  de p lu s  en p lus im p o rta n te  
se vaporise , à m esu re  que la  te m p é ra tu re  au g m en te  e t il en résu lte  u n  accro is
sem en t de la  c o n c e n tra tio n  en sel.

L a c o n c e n tra tio n  a (g p o u r cen t de m élange) de la  so lu tion  en équ ilib re  
avec la  v apeu r, à u n e  te m p é ra tu re  T ,  s’ex p rim e  p a r  la  fo rm ule:

(m -  M ) R T p 0 -  m V P n a°- +  100 m ( M V P 0 -  R T po) -  

— (m  — M ) R T p 0a0 — 100 m R T p 0a0 =  0

où p 0 es t la m asse de l ’éch an tillon  de d é p a rt e t a0 sa  co n cen tra tio n  (g de sel 
p o u r cen t), M  e st la  m asse m olaire d u  so lv an t, m  celle du  so lu té , V  est le vo lum e 
m o rt o ffert à la  v a p e u r , P 0 est la p ression  de v a p e u r  s a tu ra n te  du  c o n s titu a n t 
v o la til e t R  la  c o n s ta n te  des gaz p a rfa its .

L a figure 2 p ré se n te  les ré su lta ts  du calcul dan s le cas d u  systèm e b in a ire  
e a u —CoCl2 po u r u n  m élange de m asse  p 0 =  10 g e t  u n e  com position  de d é p a r t  
a0 =  44,5 pour c e n t de  sel.

Les courbes de d é titre m e n t o n t été tracées  p o u r d ifféren tes valeurs d u  
vo lum e m ort. L o rsq u e  V  est su ffisam m en t g ra n d , elles re n c o n tre n t le liqu idus 
du  b in a ire  eau-CoCl2.

A u cours de l ’ana lyse  th e rm iq u e  à l ’éch au ffem en t, on observe donc, 
dans ce cas, un  a c c id en t ex o th erm iq u e  co rre sp o n d a n t à l ’a p p a ritio n  d ’u n e  
phase solide, pu is , à  te m p é ra tu re  p lu s  élevée, u n  acc id en t en d o therm ique  t r a 
d u isa n t sa d isp a ritio n .

D ans la  fig u re  3 so n t tracées les courbes d ’an a ly se  th e rm iq u e  d irecte  à 
l ’échau ffem en t q u e  l ’on  p o u rra it observer, p o u r  u n  éch an tillo n  à 44 ,5%  de 
CoCl2, p o u r les v a le u rs  de 0, de 50 e t  de 1000 m l d u  vo lum e m o rt.
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Le palier A , A , A "  co rrespond  à la  péritex ie:

CoCl2, 6 H 20  ^  CoCl2, 2 H 20
à 51,25° C;

l ’accident B , B ' ,  B "  t r a d u i t  la  d isparition  des d ern iers c r is ta u x  de 
CoCl2, 2 H 20 .

Si le volum e m o rt est n u l, la  cou rbe  d ’analyse th e rm iq u e  ne  p résen te  
au c u n  a u tre  acciden t.

P o u r V  =  50 m l, au  p o in t C ', on n o te  l ’ap p a ritio n  de c r is ta u x  de CoCl2 
a n h y d re  et en D 1, nouvelle  fusion.

P o u r V  =  1000 m l, la  courbe  e s t p lus com pliquée: en  C, a p p a ritio n  de 
c r is ta u x  de CoCl2, 2 H 20 ,  en E  (206,1° C), péritex ie :

CoCl2, 2 H 20  ^  CoCl2, H 20  +  liq .
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E n  F  (335° C), p é rite x ie  du  m o n o h y d ra te  e t en D , d isp a ritio n  des dern iers 
c ris tau x  de CoCl2 a n h y d re .
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Diagram m e apparent des équilibres liquide-solide

Si on rep résen te  la  te m p é ra tu re  des acciden ts th e rm iq u es  en fonction  de 
la  com position  du  m élange  in itia l, on  o b tie n t u n  d iag ram m e (figure 4) ou le 
liq u id u s  est déform é e t d ’a u ta n t  p lus q u e  le vo lum e m o rt o ffe rt à la  v a p e u r  est 
p lu s  g ran d .

P a r  exem ple, p o u r  V  =  1000 m l, la  so lub ilité  a p p a re n te  du  sel d ev ien t de 
p lu s  en  p lus faible à m esu re  que  la  te m p é ra tu re  aug m en te , s ’ann u le  p ra tiq u e 
m e n t au-dessus de 200° C, pu is  re jo in t, su iv a n t u n e  ho rizo n ta le , la  te m p é ra tu re  
d u  fu s io n  du sel.

P o u r  V  =  50 m l, la  d é fo rm atio n  du  liqu id u s ne d ev ien t sensib le q u ’au- 
d essu s  de 200° C.

D an s tous les cas, o n  observe les paliers co rresp o n d an t au x  p éritex ies bien 
a u -d e là  de leur dom aine  n o rm a l d ’ex istence.

Dispositifs experimentaux

L ’appareillage nécessa ire  p o u r é tu d ie r  de te ls sy stem es d ó it posséder des 
c a ra c té ris tiq u e s  que n o u s avons essayé de réu n ir:

Analyse thermique

P o u r l’étude de sy s tem es c o n te n an t de l ’eau , nous avons u tilise  des tu b es  scellés en 
v é rré  lo rsque la te m p é ra tu re  n e  dépasse p as 200°C. Le vo lum e m ó rt у  e s t d u  m erne o rd re  de 
g ra n d e u r  que célúi de l’éch a n tillo n  e t  le d é ti tre m e n t re s te  assez fa ib le  p o u r  é tre  négligé.

Fig.  5
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E n tre  200 e t  500°C, de bons ré su lta ts  so n t o b ten u s  avec des bom bes en acier in o x y 
dab le  du  m odèle  rep résen té  p a r  la  figure  5 e t  d é jà  d écrite s dans des pub lica tio n s a n té rie u re s
[3], [4].

L a  bom be se com pose de deux p a rtie s  essentielles:
—  u n  corps m assif, capab le  de résister à u n e  pression  de 500 bars e t c o m p o rtan t un  f ile tag e  

e x té rie u r;

F ig .  6

—  u n  d isp o sitif  de  fe rm e tu re  co n stitu é  d ’u n  b o uchon  file té  qu i v ie n t se visser su r le corps de  
la  b o m b e  e t d ’un e  pièce cen trale . U n  an n eau  d ’acier jo u a n t  le rô le de m u ltip lic a teu r  de  
p ression  e t  u n  jo in t  de cuivre co m plè ten t l’ensem ble. Ce m ode de fe rm etu re , réalisé  su iv a n t 
les in d ic a tio n s  de B rid g m a n  [5] a  donné to u te  sa tis fac tio n . U n do ig t de g a n t a d a p té  à  la  
p ièce cen tra le  p e rm e t d ’in tro d u ire  u n  th erm o co u p le  a u  sein du  m élange é tu d ié  e t  d ’en  
su iv re  la  te m p é ra tu re .

D an s ces bom bes, le vo lum e m o rt e st assez ré d u it . O n ne p e u t pas le su p p rim er co m p lè 
te m e n t e t  ce n ’est, d ’ailleurs, pas so u h a itab le  car la  d ila ta tio n  du  m élange à  l’é ch au ffem en t 
p ro v o q u e ra it a lo rs, d an s l’ap pare il, des pressions dangereuses e t  incontrô lab les.

V ers 500°C, des prob lèm es p u re m e n t techno log iques ap p ara issen t te ls  que flu ag e  des 
m éta u x , sce llem en t de  surfaces fo rtem en t pressées l ’u n e  su r l’au tre , fusion des b ra su re s  . . . 
D eux  ty p e s  d ’ap p are ils  suscep tib les de réso u d re  ces d ifficu ltés o n t é té  é tud iés:

Le p re m ie r e s t à  chauffage  p a r  l’ex térieu r. I l  e s t rep ré sen té  su r la figure  6. I l  co m p ren d  u n  
tu b e  lab o ra to ire , en  form e de cy lindre, c ap ab le  de ré s is te r  à une  pression  de 3000 b a rs  e t  u n  
p is to n  m obile  d a n s  ce cy lind re. Le m élange à é tu d ie r, disposé dans une p e tite  cupule  en  p lo m b  
e s t p lacé  d an s le tu b e  e t com prim é p a r en fo n cem en t d u  p is to n , grâce à  u n  vé rin  p n e u m a tiq u e . 
A la  com pression , la  cupu le  de plom b e st écrasée e t  se rt de jo in t  d ’é tanchéité .
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L e tu b e  lab o ra to ire  a in s i que les deux  tu b e s  tém o in s  nécessités p a r  les m esures d ’a n a 
lyse th e rm iq u e  d ifféren tie lle  so n t  com prim és p a r  le m êm e v é rin  grâce à  u n  ré p a r t ite u r  de p re s 
sion  à  ro tu le s . L a te m p é ra tu re  e s t suivie au  m o y en  de th erm ocoup les placés sous les tu b es .

C et app are il, c o n s tru it  en acier in o x y d ab le  18/8 Mo, p e rm e t d’effec tuer des m esures 
d ’A .T .D ., sans volum e m o r t,  p o u r  des pressions p o u v a n t  a tte in d re  2500 bars. Le p lom b con
v ie n t p a rfa ite m e n t p o u r les cupu les recev an t les éch an tillo n s  m ais lim ite  la  tem p é ra tu re  d ’u til i 
sa tio n  à 327°C. D ’a u tre s  m a té ria u x , à plus h a u t  p o in t de fusion , so n t actu e llem en t à  l ’é tu d e . 
C ep en d an t, en  ra ison  des r isq u es de fluage, u n  te l  a p p a re il ne p e u t guère trav a ille r  au -d elà  de 
600° C.

Le second  ty p e  d ’ap p a re il (figure  7) e s t à  ch au ffag e  p a r  l’in té rieu r. I l  est co n stitu é  d ’une 
e n ce in te  m éta llique  m assiv e , refro id ie e x té r ie u re m e n t e t  capab le  de résis te r à  la  pression  
désirée . A  l’in té rieu r, on  p lace  u n  tu b e  scellé a u  cen tre  d ’u n  p e ti t  fo u r é lectrique tu b u la ire . 
D es passages so n t m énagés d an s l ’encein te p o u r  le d o ig t de g a n t du  couple th e rm o élec triq u e  
e t  l ’a lim en ta tio n  du  four.

L a  ten s io n  de v a p e u r  d u  m élange é tu d ié  qu i te n d  à fa ire  exploser le tu b e  e st c o n tre b a 
lan cée  p a r  une  pression e x té rieu re  de gaz com prim é d an s  l ’encein te. E n fin , l ’u tilisa tio n  de 
tu b e s  scellés en m éta l m ou  e t à  parois très  m inces p e rm e t de su p p rim er la  phase  v ap eu r.

S o l u b i l i t é s

J u s q u ’à 350° C, les m esures so n t fa ites d an s  la  b om be à ren v ersem en t m ise au  p o in t 
p a r  R o l l e t  e t B ouaziz [6 ], rep résen tée  d an s la  f ig u re  8.

E lle  est co n stitu ée  essen tie llem en t de d eu x  p a r tie s :
—  u n e  enveloppe m é ta lliq u e  A ,  B ,  C é tan ch e  p ro longée  v e rs le h a u t  e t  vers le bas p a r  deux  

to u rillo n s;

Fig, b
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— l’in té r ie u r  f a it  de tro is  élém ents, s’e m b o îta n t les u ns dans les a u tre s . Le p rem ier D  e s t u n  
ré c ip ie n t dans lequel e s t ob ten u  l ’éq u ilib re , le second E  est d estin é  à  f i ltre r  le m élange e t  le 
tro is ièm e F  se rt à  récu p érer la so lu tion  sa tu rée . L ’ag ita tio n  e s t p ro d u ite  en fa is a n t to u rn e r  
la  b om be su r son axe p a r  une série d ’im pu lsions. On sépare  le solide de la  so lu tion  sa tu ré e  
en  re to u rn a n t  la  bom be.

U n  a u tre  d isp o sitif  u tilisé est un  ap p a re il à  p ré lèv em en t d irec t [7] rep résen té  d a n s  la  
fig u re  9. I l  com p ren d  une  enveloppe m éta lliq u e  dans laquelle  l’éq u ilib re  liqu ide —  solide  e st 
réalisé  e t  u n  d isp o sitif  à p ré lèvem en t co n stitu é  p a r  une  p ip e tte  éga lem en t m éta llique  v issée su r

F ig . 9

le corps de la  bom be. L ’étan ch é ité  est o b ten u e  p a r  u n  jo in t  de té flo n , ce qui lim ite  la  te m p é ra 
tu re  d ’em ploi de ce t ap p are il. L a p ip e tte  c o m p o rte  un  f iltre  en m éta l f r i tté  e t elle est o b tu ré e , 
à son e x tré m ité  in férieu re , p a r  une m ince feuille  d ’a rg en t b rasée su r le tu b e . L ’équilibre a t te in t ,  
on f a i t  descendre  la  p ip e tte , ce qui p rovoque  le d éch irem en t de la  m em b ran e  d ’a rg en t su r u n e  
p o in te  d ’acier disposée au  fond  de l’enveloppe. L a  suppression  p ro je tte  a lors le m élange d a n s  
la p ip e tte .

M esure de la  p ression  de vapeur

D eu x  ap p are ils  so n t ac tu e llem en t en  cours d ’essais:
Le p rem ie r est rep résen té  dans la  fig u re  10 e t dérive d u  m odèle d éc rit p a r  
B e s s o u a t  [8]. I l  e st constitué  de d eu x  enceintes é tan ch es séparées p a r  u n  
sou ffle t m é ta lliq u e . L ’échantillon  est p lacé  dans le co m p artim en t ex té rieu r. 

On fa it  le v ide  dan s l ’appareil. A une  te m p é ra tu re  donnée, la  pression de v a p e u r  
de l ’éch an tillo n  p e u t ê tre  équilibrée p a r  de l ’azo te: le d ép lacem en t du  so u ffle t,
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d û  à c e tte  pression, p e rm e t, p a r  l ’in te rm é d ia ire  d ’une tige m éta lliq u e , l ’o u v e r
tu r e  ou  la  fe rm etu re  d ’u n  co n tac t é lec triq u e  ce qu i com m ande l ’in tro d u c tio n  
d ’a z o te  dans l ’en ce in te  in térieu re .

L a  lec tu re  de la  p ression  à l ’éq u ilib re  se fa it  su r un  m an o m ètre  placé su r 
la  can a lisa tio n  d ’azo te .

U n  au tre  a p p a re il (figure 11) est co n s titu é  d ’une bom be, reliée p a r  un  long  
tu b e  capillaire à u n  v o la n t de que lques litre s  p e rm e tta n t de m a in ten ir u n e  
p ressio n  fixée à l ’av an ce  p e n d a n t to u te  la  durée d ’une  m an ip u la tio n . U n  
th e rm o co u p le , p lacé  au  n iveau  de l ’éch an tillo n , p e rm et d ’en  su ivre  la  te m p é 
r a tu re .

L orsque le m élange en cours d ’é tu d e  es t chauffé p ro g ressiv em en t, sa 
te n s io n  de v a p e u r  au g m en te  ju s q u ’à a tte in d re  la  pression  ex té rieu re  im posée. 
U n e  ébullition  se p ro d u it  alors e t on o b se rv e  un  acciden t th e rm iq u e  su r la 
co u rb e  te m p é ra tu re  — tem ps. On laisse l ’éb u llitio n  se p o u rsu iv re , il y  a d é p a r t  
de so lv an t vers u n  piège e t la  te m p é ra tu re  m onte  régu iliè rem en t ju s q u ’à
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a tte in d re  u n  p a lie r co rresp o n d an t à l ’éb u llitio n  de la  so lu tion  sa tu rée . L a  f ig u re  
12 donne u n  exem ple  de courbe p o u r u n  m élange CoCl., — H.,0:

A: d isso lu tion  du  dern ier c r is ta l de d ih y d ra te ;
B :  ébu llitio n  de la  so lu tion  d iluée;
C: ébu llition  de la  so lu tion  sa tu rée ;
D : pé ritex ie  CoCl2, 2 H20 ^  CoCl2, H20 -(- liq.
E : décom position  du m o n o h y d ra te  CoCl2, H20 ^  CoCl2 -f- v ap .

F ig . 12

Si on  effectue u n e  série de m esures à pression  co n stan te  p o u r des m é lan g es  
de com position  v a ria b le , le d iag ram m e te m p é ra tu re  d ’ébullition  — com position  
p ré sen te  u n e  b risu re  lo rsque la  so lu tio n  d ev ien t sa tu rée , ce qu i p e rm e t de  
d é te rm in e r u n  p o in t de la  courbe de liq u id u s  du  systèm e.

R ésu lta ts

D an s ce p a ra g ra p h e  son t condensés quelques ré su lta ts  ob tenus sous p r e s 
sion à l ’aide des d ispositifs  décrits p récéd em m en t.

Systèm e eau-chlorure de cobalt (figure 1)

L e d iag ram m e e s t é tab li en to ta l i té  ju s q u ’à 350°C, seule res te  à d é te r 
m iner la  b ran ch e  d ’an h y d re .
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Systèm e eau-carbonate tha lleux  (figure 13)

L a  plus grande p a r t ie  du  d iagram m e n ’e s t pas accessible sous la  p ression  
a tm o sp h ériq u e . U ne é tu d e  d ’analyse th e rm iq u e  sans phase v ap eu r, à 800 b a rs , 
de la  zone concen trée a perm is de p réciser co n v en ab lem en t le d iag ram m e [9].

0 20 40 60 80 1CJ
H20 ti2co3%

Fig. 13

F u sion  du flu o ru re  d 'am m onium

Com m e l ’o n t m o n tré  E r d e y , Gâ l  e t  L i p t a y  [10], N H 4F  sublim e sans 
fo n d re  q u an d  on le chauffe  sous la  p re ss io n  a tm osp h ériq u e  e t le phénom ène 
s ’accom pagne d ’une d issociation  N H 4F  N H 3 -f- H F .

L ’acide f lu o rh y d riq u e  se recom bine p a rtie lle m e n t à N H 4F , p o u r d o n n er
N H 4F , H F .
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U ne é tude , sans p h ase  v ap eu r, sous une  pression su ffisam m en t élevée, 
p e rm e t une  d é te rm in a tio n  correcte de la  te m p é ra tu re  de fu sion : la  fig u re  14 
p ré se n te  les ré su lta ts  o b ten u s . U ne e x tra p o la tio n  ju s q u ’à la  p ression  a tm o 
sp h é riq u e  condu it à u n e  te m p é ra tu re  de fusion  de 237,5°C.

Systèm e eau-lith ine  (figure 15) [11]

L ’é tu d e  a p û  ê tre  condu ite  en to ta l i té  p a r  des m esures d ’an a ly se  th e r 
m iq u e  dans une bom be e t p a r des m esu res de solubilité  sous pression . Seul u n  
m o n o h y d ra te  se m an ifeste .

R É S U M É

L ’étu d e  des équ ilib res  liquide-solide des systèm es c o n te n a n t u n  c o n s t itu a n t  vo la til 
p ré se n te  des difficultés no m b reu ses dues à  l’a u g m e n ta tio n  de p ression  d an s les tu b es  lab o ra 
to ire .

D an s ce trav a il, l ’in flu en ce  des fa c te u rs  les p lu s im p o rta n ts  e s t exam in ée  d an s le b u t  de 
d é f in ir  l ’appareillage le m ie u x  a d ap té  a u x  p rob lèm es considérés.

D ifféren ts m odèles d ’ap p are ils  d ’an a ly se  th erm iq u e  ou de so lub ilité  sous p ression  son t 
d é c r its  e t  leurs conditions d ’em ploi précisées.

Les ré su lta ts  e x p é rim e n tau x  o b ten u s  d a n s  quelques cas p a r tic u lie rs  so n t d év eloppés 
à t i t r e  d ’exem ples.

B IB L IO G R A P H IE

1. Co h e n -Ad a d , R ., Sa id , J . ,  Sa u c ie r , M. T h . e t  Seba o un , A .: en  cours de p u b lic a tio n  aux
C. R . Acad. Sc. P a ris .

2. K e e v il  J .  Am. Chem . Soc. 64, p. 841 — 850 1942.
3. T ra n q u a r d , A.: T hèse  L y o n  1965.
4. T ra n q u a rd , A.: R ev . C him . Min. 2, p . 435 1965.
5. B r id g m a n , T he P h y s ic s  o f H igh P re ssu re , B ell and  Sons L o n d o n  1958.
6. B o ua ziz , Thèse P a ris  1961.
7. F e r l in , Thèse L y o n  1965.
8. B e sso u a t , R ., Ch a v a n e l , H ., E l b e r g , S.: P h y s . Appl. Suppl. n° 3 24, 1963 p. 39A.
9. Ca r b o n n e l , L., T r a n q u a r d , A. e t B o in o n , M. J . :  C. R. Acad. Sc. P a ris  264 p. 1180 —1967.

10. E r d e y , L ., Gâ l , S. e t  L ip t a y ; G.: T a la n ta  I I  p. 913 1964.
11. R o ll e t , A. P. e t Co h e n -A d a d , R .: R ev . C him . Min. 1 p. 451 1964.

R o g e r  Co h e n -A d a d  
A y m o n d  T r a n q u a r d  
A l a in  M a r c h a n d

L a b o ra to ire  de Chimie 1er Cycle I I  
F a c u lté  des Sciences 
L yon (69), F ran ce

Acta Chim. Acad. Sci. Hung. 57, 1968



Acta Chimica Academiae Scientiarum Hungaricae Tomus 57 (1), pp. 83—89 (1968)

К  К И Н Е Т И К Е  Д Е Г И Д Р И Р О В А Н И Я  C6H 12 
Н А Д  Н И К Е Л Е В Ы М И  К А Т А Л И ЗА Т О Р А М И

Ю. С. МАРДАШЕВ

(М о с к о в с к и й  г о с у д а р с т в е н н ы й  о р д е н а  т р и д о в о го  к р а с н о г о  з н а м е н и , п е д а г о г и ч е с к и й  
и н с т и т у т  u m . В . И . Л е н и н а )

Поступило 15. IX. 1967 г.

Кинетические уравнения, описывающие протекание гетерогенной ка
талитической реакции в проточной системе, даны в работах [1—3]. Эти 
уравнения основаны на следующих допущениях:

а) скорость установления адсорбционного равновесия больше ско
рости реакции*;

б) поверхность катализатора однородна или квазиоднородна [1]. 
Некоторое различие в подходе к методу вычисления кинетических пара
метров из опытных данных между работами [1] и [2, 3] заключается в том, 
что в последних работах не вводится постулат о квазиоднородности поверх
ности и предполагается, что решение уравнения справедливо во всем интер
вале степеней превращения у  от 0 до 1. Отсюда различны и способы решения 
кинетического уравнения в работах [1] и [2,3]. В методике [1] предпола
гается, что при небольших степенях превращения в интервале 0 <  у  <; 0,1 
или у  <  0,3 можно произвести упрощение формул, что позволяет экспери
ментально довольно просто определять кинетические параметры, напри
мер, по способу бинарных смесей. Второй способ основан на графическом 
решении кинетического уравнения путем изучения влияния изменения 
скорости потока на скорость реакции [2,3].

Постулат а) рассматривается в работах [1,4]. Рассмотрим подробнее 
постулат б). Совершенно очевидно, что поверхности реальных адсорбентов 
неоднородны. Однако, как следует из работы [5], поверхности металлов при 
хемосорбции часто ведут себя как лэнгмюровские. В случае квазиоднородной 
поверхности предполагается, что для всех участков активной поверхности:

( 1 )

Zr — относительный адсорбционный коэффициент продукта г; Хп — теп
лоты адсорбции соответственно продукта и реагирующего вещества, R  —

* Диффузионные факторы исключаются.
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газовая постоянная, Т  — температура ° К , Z 0 — энтропийный член. Если 
теплоты адсорбции линейно изменяются с заполнением поверхности (случай 
логарифмической изотермы), то для соблюдения условия (1) интервал не
однородности для реагирующего вещества и для вещества г должен быть 
одинаков.

При решении кинетического уравнения по методу [1] предполагается, 
что при небольших степенях превращения торможение образующимися 
продуктами реакции не должно искажать кинетики реакции.

Почему необходимо проводить исследование в узком интервале степе
ней превращения? Мы полагаем, что это необходимо по двум причинам: 
при исследовании скорости реакции в широком интервале степеней превра
щения мы неизбежно будем изучать реакцию на разном удалении от поло
жения равновесия. Тогда, согласно принципу линейности в термодинамике 
необратимых процессов [б], скорость реакции (скорость приближения 
системы к равновесию) должна меняться, по мере приближения системы к 
положению равновесия. Это связано с тем, что разность химических потен
циалов на разном расстоянии от равновесия различна. Далее скорость 
реакции на поверхности заполненной лишь в небольшой степени продуктом 
реакции, и на поверхности заполненной в значительной степени, должна 
быть различной. Это связано не только с эффектом уменьшения доли актив
ной поверхности, но и с эффектом значительного изменения физической 
природы поверхности. Отсюда способ решения кинетического уравнения, 
предложенный в работах [2,3], может приводить к константам, которые 
лишены того физического смысла, который в них вкладывался при выводе 
уравнения. Действительно, экспериментальное решение кинетического урав
нения по способу, предложенному в [2], часто дает константу / 3 = 1 ,  что 
лишено физического смысла. Подробный анализ обоих способов и некоторые 
кинетические особенности даны в [12].

Как показали исследования [1], кинетика дегидрогенизации над метал
лическими катализаторами не зависит от давления и для случая цикло
гексана подчиняется уравнению:

{Z2 +  3Z3) А х In — — -̂-------- (Z 2 +  3Z3 - l ) m = K ,  (2)
Л 1 — m

где Z2 — относительный адсорбционный коэффициент С6Н 6,
Z3 — относительный адсорбционный коэффициент Н2,
А 1 — скорость подачи циклогексана, m  — количество прореагировав

ших молей,
К  — константа скорости. С помощью уравнения Аррениуса по тем

пературной зависимости In К  и ln  m  нами вычислялись истинные и кажу-
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щиеся энергии активации Е  и Q. Преобразуя уравнение (2) к виду, удоб
ному для решения по способу, предложенному в [2] получаем:

где

а)

б)

^ i l n - ------ ---- ßy А х =  се ,
1 - у

о _ 3 Z 3 —  1

Z 2 -f- 3Z3

к
Z 2 +  3Z3

( 3 )

(4)

По температурной зависимости ln х  нами вычислялись энергии активации q.

Экспериментальная часть

Кинетика дегидрогенизации С6Н12 изучалась нами над Ni на различ
ных носителях при температурах 270—320°. Все катализаторы содержали 
23,5% Ni. Методика работы описана ранее [7].

Из литературы известно, что в нашем случае реакция тормозится 
С0Н 6 [8] и не тормозится Н2 [9].

В таблице 1 приведены величины Q и Е .  Нетрудно видеть, что вели
чины Q и Е  для большинства катализаторов близки. Исключение представ
ляет Ni/силикагель. Как было показано [10], это связано с зависимостью 
Z2 от степени превращения. В этом случае Z2 вычислялась по реакции со 
смесями, бедными бензолом, что соответствовало интервалу степеней превра
щения у  <; о ,1.

В статических условиях справедлива формула:

v =  4 с оН б] =  c o n s t- /5ч
dt [с6н6г

Можно показать, что в случае формального применения этого уравнения 
к нашему случаю получается формула, связывающая степень торможения 
п  с величинами Е  и Q:

—  =  п +  1 .
Q

При выводе (6) и (5) мы предполагали, что i>~exp Q_
RT

т  ~  exp  [ — Ql R T ] ;  const. ~  ex p  [  — E/RT ].

и [CeHe] ~
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Т аблица I*

Н омер
образца К атал и зато р Q

ккал /м оль
Е

ккал /м о л ь п Z2

1 N i/A I.,0 ,.............................. 9,8 12,8 0,4 3,9
2 Ni/силикагель ................. 4,8 14,0 1,8 7,3
3 N i/A U O ,.............................. 10,0 13,0 0,3 2,0
4 Ni/кизельгур..................... 11,0 13,7 0,2 2,1
5 Ni/.М..О. .............................. 10,8 13,0 0,2 2,1
6 № /-чернь............................ 7,0 13,0 0,9

* Специальными опытами было установлено, что диффузионные факторы не имели
место.

Вычисленные таким образом степени торможения приведены в таблице 
1. Нетрудно видеть, что при значительном торможении (Ni/силикагель) ве
личина кажущейся энергии активации значительно отличается от истинной. 
В этом случае при решении кинетического уравнения по способу [1] необ
ходимо проводить исследования при степенях превращения у  <^0,1; тогда 
торможение не искажает кинетики, что позволяет определить Z2.

Нетрудно видеть, что большим величинам Z2 соответствует большая 
степень торможения, что соответствует физическому содержанию этих 
констант.

В таблице 11 приведены результаты решения кинетического уравнения 
по способу [2], для двух, наиболее отличающихся друг от друга, катализа
торов. Нетрудно видеть, что энергии активации q в данном случае оказались 
практически одинаковыми и q > Е.  Последний результат связан с тем 
обстоятельством, что графическая экстраполяция, применяемая в способах 
[2, 3], не может быть осуществлена дальше равновесных значений у.  В сле
дующей графе приведены величины с учетом равновесия, которые близки 
к Q, определяемым по способу Баландина. Поскольку Z2,3 ^ /(T )  [7], по
стольку независимо от физического смысла коэффициентов уравнения (3), q 
должно быть равно Е. Однако, для этого необходимо точно знать константу 
равновесия в нашем температурном интервале 270—230°. Мы использовали 
данные работы[11], которые относятся к интервалу 230—277°. Существен
ным в данном случае является понижение величины q при учете равно
весия.

Т абли ца I I

Номер
образца

Я
к к а л /м о л ь

Я р
ккал /м оль ß - “р

2 17,0 11,0 1,0 0,8- IO-5 1,1 • ю - *
4 18,0 11,0 0,95 17,5- 10-5 47,5- 10-*
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Далее из таблицы 11 следует, что коэффициент ß из уравнения (3) бли
зок к 1. Укажем на обстоятельство, которое в нашем случае может приводить 
Kß  I. Способ (2,3) предполагает значения у >  0,5. Для катализатора Ni/сили
кагель, обнаружено Z2 = / ( у )  при у  >0 , 10 ,  причем с увеличением у  Z2 
быстро растет. В этом случае при у  ~  0,5 имеем Z2~  20— 30 [10]. Отсюда 
из уравнения 4 а) следует (Z3 0,2) ß =  0,96. В последних двух графах
таблицы II преведены величины ос, определенные графически по способу [2], 
и оср, рассчитанные из уравнения 4 б) с использованием Z и К, определен
ных по методу [1]*. Нетрудно видеть, что величины ос и оср совпадают по 
порядку. Принимая по внимание вышеизложенное о различии между 
методами [1] и [2,3], можно признать это соответствие удовлетворительным.

Т абли ца I I I

Номер
образца К  • 1 0 е .X В  %

1 21 14
2 6 4
3 20 12
4 129 65
5 33 35

Если сопоставить величины К  для рассматриваемых катализаторов, 
то относительные активности оказались приблизительно такими же, как и 
в случае, когда за активность принимался процент дегидрирования х,  см. 
табл. III. Причем наибольшее соответствие наблюдается для первых трех 
контактов, когда процент дегидрирования невелик и торможение не иска
жает результат. Относительные активности у двух последних контактов по 
К  и по х  значительно отличаются. В этом случае лучше судить об относи
тельной активности катализатора по константе скорости. В том же случае, 
когда мы желаем сопоставить активность серии катализаторов по х,  то 
сопоставление необходимо проводить в узком интервале степеней превра
щения (лучше при у  <  0,3), чтобы исключить значительное влияние тор
можения продуктами. Интересно было сопоставить относительные актив
ности по К, ос и х  для катализаторов № 2 и № 4: К(№4): К  (№ 2) =  129 : 
6 ^  22; ос (№ 4) : а (№ 2) =  17,5 : 0,8 ^  22; ж (№ 4) : х  (№ 2) =  65 : 4 ^  16.

Таким образом, сопоставление относительной активности по константам 
скорости в методах [1] и [2,3] идентичны.

Представляло интерес оценить число активных мест на единицу по
верхности, используя уравнение теории абсолютных скоростей [13]:

v _  Q Q _ ß _  __ 1/2 sh5 е~3 e ~ E /R T ________  .
s s а* 8л°-(8л31А 1в 1с)1!2(2 лМ )312(кТ)°12

* Впервые такое соответствие было обнаружено А. Е. Агрономовым на примере 
реакции разложения изо-С3Н 7ОН над ZnO.
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где Cs — концентрация активных центров,
Cg — число адсорбированных на единицу поверхности молекул, 

а ,  а *  — числа симметрии соответственно реагирующей молекулы и 
активного комплекса,

s — координационное число активного центра,
1а , 1 в , 1 с— три момента инерции молекулы, 

к  — константа Больцмана,
М — массы молекулы, 

h  — постоянная Планка,
Е  — энергия активации.

Оценим некоторые величины в формуле (7): s =  4 [13], а  =  б (D3d 
симметрия кресла молекулы С6Н12),с* =  12 ( ü gh симметрия плоского шести
угольника молекулы С6Н12), I A f ^ I B ^ I c = 5 -  10-40 г • см2 (обычная вели
чина для симметричных многоатомных молекул, небольшая погрешность в 
данном случае на скажется значительно на порядке величины Cs), Cg =  1014 
(1017)*. Для Ni/кизельгура опыт дает v =  8 • 10-10 моль • сек-1 • см-2. От
сюда Cs оказывается равным 1011 (108) на 1 см2. Эта величина намного ниже 
величины Cs ~  1015— 1014, которая обычно приводится в литературе [13, 
15]. По-видимому это связано с тем, что процесс является неадиабатическим. 
Введение трансмиссионного коэффициента л ~  10~5 приводит к хорошему 
согласию рассчетной величины Cs с данными из литературы. В работе [16] 
исследовался никель без носителя. Величина v, рассчитанная нами по дан
ным [16] для той же реакции, оказалась равной 3 • 10“ 12 моль • сек-1 • см-2. 
Рассчитывая отсюда Cs по формуле (7) (Е = 9  600 кал/моль [16]), получаем 
в адиабатическом случае Cs ~  1010(107). Аналогичный рассчет для никелевых 
катализаторов без носителя, но разного способа приготовления, по данным 
работ [17, 18] дает Cs ~  1011 — 1012. Этот результат свидетельствует в пользу 
представления о резонансно-дисперсионном характере каталитических сил 
[19]. Действительно, катализатор Ni/кизельгур содержит железо [20], 
которое должно влиять на электронное состояние никеля в данном ката
лизаторе. Т. к. концентрация активных мест на 1 см2 для массисного никеля 
и никеля на кизельгуре оказалось практически одной и той же, то можно 
думать, что роль хемосорбционной составляющей в активном комплексе 
невелика и что главную роль играют резонансные молекулярные комплексы 
[19]. В пользу этого предложения говорит также величина А ~  10—20 
ккал/моль [17, 18], характерная для молекулярных комплексов.

8 8  М А РД А Ш Е В : К  К И Н Е Т И К Е  Д Е Г И Д Р И Р О В А Н И Я  С .Н ,г Н А Д  Н И К Е Л Е В Ы М И

* Cg рассчитана по [14], Л для С6Н12, принято 10 ккал/моль, для значения в скобках 
Л =  20 ккал/моль, что соответствует опытным данным для разных образцов никелевых 
катализаторов [18].
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РЕЗЮМЕ

Для сопоставления каталитической активности по степени превращения следует 
использовать небольшой интервал степеней превращения <  0,3. Из сопоставления кон
центрации активных мест массивного никеля и никеля на кизельгуре можно предпола
гать, что главную роль в активном комплексе играют молекулярные комплексы диспер
сионно-резонансного характера.

SU M M A RY

T he degree of conversion  can  h e  u sed  fo r com parison o f c a ta ly tic  a c tiv itie s  o n ly  w hen i t  
is sm alle r th a n  0.3. T he com parison  of th e  co n cen tra tio n  o f a c tiv e  sites on  c o m p a c t nickel 
w ith  t h a t  on  N i-kieselgur leads to  th e  a ssu m p tio n  th a t  d ispersion—resonance—ty p e  m olecu lar 
com plexes p lay  an  im p o r ta n t ro le  in  th e  a c t iv a te d  complex.
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RECENT RESULTS CONCERNING THE REACTION OF 
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O ur p rev io u s com m unication  [1] d e a lt w ith  th e  cleavage of th io lsu lf in a te s  
(I) w ith  2 ,4 -d in itroch lo robenzenc (II) . O u r in v estig a tio n s show ed t h a t  th e  
co rrespond ing  2 ,4 -d in itro p h en y la ry lsu lfid e  (III) can  be iso la ted  as th e  m a in  
p ro d u c t.

A r —S—S—A r + C l — \ —N 02 -N- - C(b >  A r—S - /  ' 4 —N O 2+ [A rS O „]0 H © + C l0

" &  ) = /  /  
n o 2 n o 2

I  I I  I I I

(a) A r =  C6H 5; (b) A r =  p - C H 3 -  C6H 4; (c) A r =  p - C l - C 6H 4.

F ro m  th is  re su lt  th e  conclusion w as d raw n  th a t  th e  su lfu r-su lfu r o f  th e  
m olecule is sp lit h e te ro ly tica lly  by  th e  re a g e n t, so th a t  th e  bonding  e lec tro n  
p a ir  rem ains a t ta c h e d  to  th e  su lfur a to m  w hich  is n o t connected  to  an  o x y g en  
a to m . T h u s, i t  is th e  sulfenyl su lfur a to m  w hich  ac ts  as th e  nucleophilic  c e n tre  
in th e  th io lsu lf in a tc  m olecule, and  its  a t ta c k  in tro d u ces th e  reaction  re su ltin g  
in  th e  sp littin g  o ff  o f  th e  chloride an ion . T h is  fin d in g  seem ed to  be in c o n s is te n t 
w ith  th e  in v e s tig a tio n s  of L e a n d r i  a n d  T d h d o  [2]. T hese au th o rs  e s tab lish ed  
in  sim ilar reac tio n s  o f th io lsu lfonates (IV) th e  fo rm a tio n  o f th e  co rresp o n d in g  
2 ,4 -d in itro p h en y lary lsu lfo n es (V), an d  concluded  th a t  it  is th e  su lfony l su lfu r 
a to m  w hich  has th e  s tro n g er nucleophilic  c h a ra c te r  in  a ro m atic  th io lsu lfo n a te s .

A r - S  ; - S 0 2- A r + C l - / ^ > - N 0 2 -----► [A r—S—Cl] + A r —S 0 2— ^ > - N 0 2

/  / =
n o 2 n o 2

I V  I I  V I  V

P ro b a b ly  th e se  considerations p ro m p te d  B a r n a r d  an d  P e r c y  [3] to  
rep roduce  ou r ex p e rim en ts , repea ting  th e  reac tio n  o f pheny lbenzene- ( la )  a n d  
p -ch lo ro p h en y l-p -ch lo ro b en zen e th io ls id fin a te  (Ic) w ith  d in itroch lo robenzene . 
P rocessing  b y  c h ro m a to g ra p h y  gave th e  co rrespond ing  sulfoxides (45 a n d  8 % , 
respective ly ), su lfid es  (16 and  62% ) a n d  sulfones (0 an d  26% ) as th e  iso la ted
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m ain  p ro d u c ts . T hese au th o rs  concluded  t h a t  th e  high q u a n t i ty  o f sulfoxide 
— in d u b ita b ly  fo rm ed  b y  a p rim ary  re a c tio n  — is in d ica tiv e  of th e  s tro n g e r 
nucleoph ilic  c h a ra c te r  o f th e  su lfiny l su lfu r a to m . T he high q u a n ti ty  of su lfide 
o b ta in e d  in  our ex p erim en ts  is form ed, acco rd in g  to  th e ir  in te rp re ta tio n  b y  
th e  d isp ro p o rtio n a tio n  befo re  cleavage o f th e  tliio lsu lfin a te  m olecule in to  d isu l
fid e  a n d  th io lsu lfo n a te . T h e  su b seq u en t re a c tio n  o f these  com pounds w ith  d in i- 
tro ch lo ro b en zen e  w ould  y ield  sulfide an d  su lfone  as secondary  p ro d u c ts . A n o th e r 
p o ss ib ility  po in ted  o u t b y  B a r n a r d  an d  P e r c y  is th e  hyd ro lysis  of su lfenyl 
ch lo rid e  (A r—S —Cl), p ro d u ced  b y  p r im a ry  cleavage, w hich gives a secondary  
p ro d u c t (e.g., d isu lfide), an d  th e  la t te r  re a c ts  w ith  d in itroch lo robenzene  to  
y ie ld  sulfide.

T h e  sam e a u th o rs  also carried  o u t ex p e rim e n ts  in  w hich — as c o n tra ry  to  
o u r w o rk  — th e  reag en ts  w ere n o t used  in  eq u im o lecu la r q u a n tity . F o r  one m ole 
of th io lsu lf in a te , th e  q u a n ti ty  of th e  a ry l h a lid e  an d  of sod ium  hydro g en  c a r 
b o n a te  w as a lm ost tw o  m oles. U n d er th e se  co n d itions, th e  fo rm a tio n  of 39 %  
of su lfox ide  was o bserved  in  th e  case o f th e  d ich loro  d e riv a tiv e  (Ic).

A fte r  th e  p u b lica tio n  of th e  p a p e r o f  B a r n a r d  an d  P e r c y , we re p e a te d  
o u r e a rlie r  w ork a n d  com ple ted  th em  b y  sev e ra l m odel ex p erim en ts .

I n  th ese  m odel e x p erim en ts , we tr ie d  to  re p la ce  sod ium  hydrogen  c a rb o n a te  b y  so d iu m  
a c e ta te ,  m agnesium  oxide, a n d  sodium  hy d ro g en  p h o sp h a te , and  to  use  d in itro flu o ro b en zen e  
in s te a d  of d in itroch lo robenzene. T he reac tio n  w as n o t  in fluenced  su b s ta n tia lly  b y  th ese  re a 
g e n ts , w h ich  caused on ly  q u a n tita tiv e  changes. H o w ev er, th e  reag en ts  a n d  ex p erim en ta l con
d itio n s  re p o rte d  in o u r earlie r pu b lica tio n  p ro v ed  to  b e  th e  m ost su itab le  fo r carry in g  o u t  th e  
re a c tio n . A t lower te m p e ra tu re s  th e  reac tio n  p ro ceed s on ly  p a r tly  o r n o t  a t  all. In  th e  p r o 
cessing  o f th e  reac tion  p ro d u c ts , th e  m eth o d  o f th e  B ritish  au th o rs  w as u sed , an d  care  w as 
ta k e n  to  observe e x ac tly  all ex p erim en ta l co n d itio n s (q u a n ti ty  of ad so rb en t, com position  of 
so lv e n t, etc .).

T h e  ex p erim en ta l resu lts  re p o rte d  in  o u r earlier com m u n ica tio n  [1] 
w ere m odified  or co m p le ted  b y  th is  d iffe re n t m ode of processing.

In  o rder to  fu lly  e lucidate  th is  re a c tio n  o f th io lsu lfin a tes , f ir s t  th e  degree 
o f d isp ro p o rtio n a tio n  h a d  to  be e s tab lish ed . F o r  th is  p u rp o se , ex p erim en ts  
w ere ca rried  ou t w ith  o u r th re e  m odel co m p o u n d s u n d er th e  u su a l e x p e rim e n ta l 
co n d itio n s, how ever, in  th e  absence of a ry l h a lid e  and  sodium  h y d ro g en  c a rb o n 
a te . I t  w as found  th a t  th e  degree of d ecom position  was a b o u t 0 .5 %  fo r th e  
(p -to ly l)  com pound ( lb ) , w hile it  was 13 a n d  5 5 %  for th ep -c h lo ro p h e n y l d e r iv 
a tiv e  (Ic) and  fo r p h en y lth io lsu lfin a te  ( la ) , respective ly . T h u s th e  to ly l d e r iv 
a tiv e  is th e  m ost su ita b le  fo r d raw ing  th e o re tic a l conclusions concern ing  th e  
c leav ag e  reaction .

T h e  follow ing fac ts  have  been e s ta b lish e d  in  our in v estig a tio n s:
1. T he p ro d u c ts  o f th e  cleavage of all th e  th re e  th io lsu lfin a tes  are d istd fide  

su lfid e  an d  sulfone. Sulfoxide could be iso la te d  only  in th e  case o f th e  p - to ly l 
d e r iv a tiv e  (lb ).

2. In  th e  case o f lb ,  th e  q u a n tity  o f su lfide  (41% ) is m ore th a n  th a t  o f 
th e  su lfox ide (21% ).
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3. I n  th e  presence o f sod ium  h y d ro g en  ca rb o n a te , b u t  in  th e  absence  of 
a ry l halide, n o t d isp ro p o rtio n a tio n  b u t  hydro lysis  ta k e s  p lace u n d e r id en tica l 
ex p erim en ta l cond itions in  all cases, g iv ing  rise to  d isu lfide an d  su lfon ic  acid

( '4 ■ [i ] ) -
4. U nder id en tica l ex p erim en ta l cond itions and  in  th e  p resence o f  sodium  

h y drogen  ca rb o n a te , h a lf  th e  q u a n t i ty  o f th e  ary l su lfeny l chlorides (e.g., VI) 
is co n v erted  in to  th io lsu lfin a te , th e  o th e r h a lf  in to  d isu lfide.

On th e  basis o f th ese  ex p e rim en ta l re su lts , th e  com pounds p ro d u c e d  in 
th e  cleavage of th io lsu lfin a tes  u p o n  th e  action  of 1 m ole of d in itro ch lo ro b en 
zene an d  sodium  h y drogen  c a rb o n a te  h av e  been s tu d ied . U n d er th e se  cond i
tio n s , th e  course o f th e  reac tio n  becom es m ore persp icuous, as th e  seco n d ary  
reac tio n  of d in itroch lo robenzene in  excess is e lim ina ted . M oreover, w h en  th e  
m odel experim en ts are  m ade w ith  th e  p -m e th y l d e riv a tiv e  (lb ) , w hich  is know n 
to  suffer d isp ro p o rtio n a tio n  to  a sm all degree (0 .5% ), th is  in co n v en ien t side 
reac tio n  is also e lim ina ted .

In  th e  sp littin g  o f lb ,  th e  su lfox ide (21% ) is fo rm ed  bey o n d  d o u b t as a 
p r im a ry  reac tio n  p ro d u c t, besides su lfeny l chloride.

B o th  our p rev ious in v es tig a tio n s  [1] and  m odel ex p erim en ts  s u b s ta n tia te  
th e  fa c t th a t  th e  d isu lfide (43% ) (V III) is fo rm ed b y  th e  a lkaline  h y d ro ly s is  of 
th e  su lfenyl ch loride (VI).

T he sulfide (III)  (41% ) m ay  also be form ed b y  th e  cleavage of th e  d isu lfide 
w hen  ac ted  upon  b y  d in itro ch lo ro b en zen e , th a t  is to  say , b y  a seco n d ary  reac 
tio n . H ow ever, since 81%  of th is  d isu lfide  rem ains u n ch an g ed  in  th e  p resence  
o f sodium  h y d ro g en  ca rb o n a te  a n d  d in itroch lo robenzene , an d  o n ly  1 5 .5%  of 
su lfide  can be iso la ted , i t  follows th a t  th e  p red o m in an t p a r t  o f th e  su lfid e , th e  
d ifference (41 —15.5 =  2 5 .5 % ) is fo rm ed  b y  p rim ary  re a c tio n , b y  th e  sp littin g  
o f  th io lsu lfina te .*  T h u s, th e  q u a n ti ty  o f su lfide of th is  la t te r  o rig in  is h igher, 
b u t ,  a t  least n o t less th a n  eq u a l to  th e  q u a n ti ty  of th e  sulfoxide.

O ur m odel ex p erim en ts  show ed th a t  d in itroch lo robenzene an d  su lfin ic 
acid (VII) gave — u n d e r id en tica l ex p e rim en ta l cond itions — sulfone in  a high 
y ie ld  (96% ). On th e  o th e r h a n d , on ly  a re la tiv e ly  sm all a m o u n t o f su lfone 
(5 % ) could be iso la ted  in  th e  c leavage reac tio n . T h is ex p e rim en t p ro v es th a t  
th e  p rim a ry  reac tio n  o f th io lsu lf in a te  w ith  th e  ary l h a lid e  proceeds a t  a h igher 
r a te ,  th a n  th e  seco n d ary  reac tio n  lead ing  to  th e  su lfone. T h erefo re , th e  p re 
d o m in a n t p a r t  of th e  a ry l ha lide  reac ts  d u rin g  th e  p r im a ry  process, a n d  only  
a sm all p a r t  of i t  can  give rise  to  seco n d ary  reactions.

S im ilar ex p erim en ts  w ere ca rried  o u t w ith  th e  p h en y l- ( la ) a n d  th e  p-  
ch lo ropheny l- (Ic) th io lsu lfin a te s , w hich  d isp ro p o rtio n a te  to  a h ig h er degree. 
As c o n tra ry  to  th e  find ings o f B a r n a r d  and  P e r c y , no su lfox ide cou ld  be 
iso la ted  from  th e  reac tio n  m ix tu re  fo rm ed  in  th e  cleavage o f th e se  com pounds.

* In  th is  ca lcu la tio n , th e  d ifference be tw een  th e  m olecu lar w eigh ts o f th io lsu lf in a te  
a n d  d isulfide was n o t  ta k e n  in to  co n sid era tio n .
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T h e q u a n tity  o f su lfid e  w as found  to  b e  57 an d  6 4 .5 % , respective ly . 
F ro m  th e  correspond ing  d isu lfides 19.9 and  6 4 .5 %  of su lfide, respective ly , was 
fo rm ed  b y  th e  analogous re a c tio n .

W ith  th e  co m p o u n d s l a  an d  Ic , th e  q u a n t i ty  of su lfone w as found  to  be 
10.2 a n d  18.4% , re sp ec tiv e ly .

M ost p ro b ab ly , th e  ab sen ce  of sulfoxide fo rm a tio n  m ay  be a ttr ib u te d  to  
th e  fa c t  th a t  a lread y  b e fo re  cleavage in to  su lfox ide , th ese  tw o th io lsu lfina tes 
su ffe r hydro lysis or d eco m p o sitio n  b y  d isp ro p o rtio n a tio n  in to  d isulfide, sulfi- 
n ic  ac id  and sulfonic ac id . I t  follows th a t  th e se  th io lsu lf in a te s  are u n su itab le  
fo r  a n  in v estiga tion  o f  th e  p r im a ry  p ro d u c ts  fo rm ed  in  th e  cleavage w ith  di- 
n itroch lo robenzene . I t  is to  be  assum ed th a t  u n d e r  th e  ex p erim en ta l conditions 
a p p lie d  b y  B a r n a r d  a n d  P e r c y , th e  fo rm a tio n  o f su lfox ide in  th e  case of th e  
tw o  m en tio n ed  th io lsu lf in a te s  w as due to  th e  h ig h e r a ry l h a lid e  co n cen tra tion , 
w h ich  favours th e  c leav ag e  reac tio n  proceed ing  s im u ltan eo u sly  w ith  hydrolysis 
a n d  d isp ro p o rtio n a tio n .

W e th in k , th e re fo re , t h a t  in  th e  case o f p h en y l- an d  p -ch lo ro p h en y lth io l- 
su lf in a te s  b o th  p r im a ry  a n d  secondary  re a c tio n  p ro d u c ts  are  p resen t. W ith  
re g a rd  to  these tw o co m p o u n d s , ou r opinion agrees w ith  th e  find ings of B a r n a r d  

a n d  P e r c y .

H ow ever, th e  B r it is h  a u th o rs  did n o t in v e s tig a te  th e  sp littin g  reac tio n  
o f p - to ly lth io lsu lf in a te , b u t  considered it  to  be  analogous to  th e  reac tio n  of th e  
tw o  com pounds. In  v iew  o f  th e  fa c t th a t  th is  an a lo g y  does n o t ho ld  tru e  acco rd 
ing  to  o u r in v estig a tio n s, th e  critic ism  of th e  B ritish  au th o rs  o f our in te rp re ta 
tio n  o f  th e  reac tio n  c a n n o t be  accepted .

I t  seems p ro b ab le  o n  th e  basis of th e  ex p e rim en ta l re su lts  th a t  th e  n u c 
leo p h ilic  ch a rac te r o f th e  th io lsu lf in a te  m olecule can n o t be assigned exclusively 
to  th e  sulfenyl or th e  su lf in y l su lfu r a tom .

T h e  rem ark ab le  r e a c tiv i ty  of p - to ly lto lu e n e th io lsu lf in a te  is due p ro b ab ly  
to  th e  h y p e rco n ju g a tio n  e ffec t o f th e  p -m e th y l group (such an  effect c an n o t 
p la y  a p a r t  in  th e  case o f  th e  analogous p h en y l a n d  p -ch lo ro p h en y l derivatives). 
T h is  effect increases th e  nucleoph ilic  c h a ra c te r  o f  th e  su lfu r a to m  linked  to  th e  
a ro m a tic  group. A t th e  sam e tim e , it  is to  be  assum ed  th a t  an  increase in  th e  
nucleoph ilic  c h a ra c te r  o f  th e  su lfu r a tom s fav o u rs  cleavage m ore stro n g ly  
th a n  prom otes h y d ro ly s is  o r d isp ro p o rtio n a tio n .

T he reaction  schem e sum m arized  in  th e  follow ing ta b le  of form ulas 
illu s tra te s  th e  processes ta k in g  place in  th e  re a c tio n  o f p -to ly lto lu en e th io lsu l- 
f in a te  w ith  2 ,4 -d in itroch lo robenzene.
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Table of formulas

(R eac tio n  schem e)

-50%
->  A r— S— S—A r

II
О

A r—S 0 2—C6H 3( N 0 2)2

4 - 6 %

C„H3( N 0 2)2C1

C6H 3( N 0 2),C1

1 i

[Ar—S 0 2N a] 
VII 

hydr.

[Ar—SCI]
II
О

E xperim en ta l

(M elting p o in ts a re  u n co rrec ted )

Procedure: T h e  r e a c ta n ts  a re  dissolved in  th e  so lven ts u sin g  th e  qu an titie s , g iv en  in 
T ables I an d  II. T h e  re a c tio n  m ix tu re  is p laced  im m ed ia te ly  on  a s te a m  b a th , and re flu x ed  fo r
1 h r. A fte r ra p id  cooling  to  room  tem p e ra tu re , th e  m ix tu re  is p o u re d , w ith  s tirring , in to  a b o u t
2 1. o f w ater. A fte r  a sh o r t  p eriod  of s tan d in g , th e  solidified re a c tio n  p ro d u c t is f ilte re d  off. 
A fte r d ry ing , th e  ra w  p ro d u c t is dissolved in  a m in im u m  vo lu m e o f a 1 : 1 m ix tu re  o f ben zen e  
an d  p e tro leu m  e th e r , a n d  p o u red  in to  a ch ro m a to g rap h ic  co lu m n  (d iam eter 20— 25 m m ), 
p acked  w ith  an  a d e q u a te  q u a n ti ty  (90— 110 g fo r a b o u t 7— 10 g o f  th e  crude p ro d u c t) o f a c t i 
v a te d  silica gel. E lu tio n  is effec ted  successively w ith  p e tro leu m  e th e r , a 1 : 1 m ix tu re  o f p e tro 
leum  e th e r an d  b enzene, a n d  fin a lly , w ith  chloroform . (The so lv e n t is changed  w hen th e  e lu a te  
d rip p in g  dow n h as becom e colourless, or does n o t  c o n ta in  m ea su ra b le  qu an titie s  o f th e  su b 
stances.) T he frac tio n s  o f  id en tica l com position  are  com bined , a n d  th e  weighed su b stan ces a re  
recrysta llized  from  m e th a n o l o r e th an o l (unless o th e r  so lv en t is in d ica ted ).

Note: Y ields w ere ca lcu la ted  from  th e  re su lts  o f five  p a ra lle l experim ents, a n d  re fe r  
to  th e  crude frac tio n s . T h e  p e rcen tag e  yields —  unless in d ic a te d  o th erw ise  —  are reffered  to  th e  
com pounds la ,  l b  a n d  Ic.

A nalysis o f th e  co m pounds lis ted  in T ab le  I 
E x p erim en t No. 1.

(a) id en tica l w ith  an  a u th e n tic  sam ple.
(b) C13H 10O4N 2S (290.14). Calcd. S 11.05. F o u n d  S 1 1 .1% .
(c) C13H l 0O5N 2S (306.14) Calcd. C 50.97; H  3.29. F o u n d  C 51.30 H  3.20% .
(d) C13H 10O6N 2S (322.14) Calcd. S 9.95. F o u n d  S 9 .80% .
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Table I*

Exper
iment,

No.

Thiolsulfinate,
lb
g(M)

Dinit rochloro- 
benzene, 

g
(M)

Other
reactants,

g(M)

NaHC03
g(M)

Solvent,
ml

l 3.9
(0.015)

3.0
(0.015)

— 1.2
(0.015)

A lcohol: 
w ater 
80 : 16

о VI
2.38

(0.015)
1.2

(0.015)

Alcohol: 
w ater 
80 : 16

3 3.9 1.2 Alcohol:
(0.015) — — (0.015) w ater

80 : 16

4 3.9 _ _ _ Alcohol:
(0.015) w ater

80 : 16

5 _ 2.0 V III
2.46 0.84 Alcohol:

(0 .01) (0 .01) (0 .01) w ater
80 : 16

6 _ 2.0 V II 0.84 A lcohol:
(0 .01) 1.56 (0 .01) w ater

(0 .01) 80 : 16

* F o rm ulas o f th e  com pounds show n in  th e  tab le : VI: p —C H 3 • C6H 4 • SCI;

E x p e r im e n t No. 2 .
(a) as above.
(f) iden tical w ith  an  a u th e n tic  sam ple . 

E x p e r im e n t No. 3.
(a) as above.
(e) C15H 180 3N 2S„ (338.43). Calcd. C 53.23; 

H  5.36. F o u n d  C 53.14; H  5 .1 6 % .
E x p e r im e n t No. 4.

(a) as above
(f) 1 iden tica l w ith  an a u th e n tic  sam ple .

2 as above.
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I s o l a t e d s u b s t a n c e s

a. b. e. d. e. f.
M. p., °c

Disulfide,
g

(%)

Sulfide,
g

( % )

Sulfoxide,
g

<%)

Sulfone,
g

<%)

Sulfonic acid, 
g

(%)

Other products, 
g

(%)

0 .7 - 1
(1 8 .9 -1 7 .1 )

1.5—2.1 
(34.4-48.2)

0 . 9 - 1.0 
(1 9 .6 -2 3 )

0.2— 0.3 
(4 .1— 6.2) —

(a) 44— 45
(b) 100— 101
(c) 136— 138
(d) 185— 186

0.8
(43.3)

— — —
lb
0.8

(40.6)

(a) 44— 45 
(f)104 p e tro l, 

e ther: benzene 
( 3 : 1 )

2.1 1.8
(From  the 

aqueous 
solution)

(a) 44— 45 
(e) C h arac te ri

zation  as S- 
benzyliso th i- 
u ron ium  su l
fa te , 179— 181 
(from  aqueous 
alcohol)

0.02
(0.5)

Traces ® ix 
0.01 
(0 .2) 

©  lb
3.5

(89.7)

(a) 44—45 
( f ) ®  1 7 6 - 7 7  
( f ) ©  1 0 3 -1 0 4  
Petro l, e th e r: 

benzene 
( 3 : 1 )

2.0
(81)

p a r t ly  as 
unchanged  
substance

0.45
(15.5)

X
0.85

(4 0 % )
re fe rred  to  
d in itroch lo - 
robenzene

(a) 44—45
(b) 101
(f) 86 87

3.1
(96.2)

(d) 1 8 5 -1 8 6

IX : p —  CH3 • C6H 4 • S 0 2 • S ■ CeH 4 • CH3 • p; X: C2H 5- 0 - / ~ ^ > — N 0 2

/
N O ,

E x p e r im e n t No. 5.
(a ) as above
(b ) id en tica l w ith  a n  a u th e n tic  sam ple .
(f) id en tica l w ith  an  a u th e n tic  sam ple.

E x p e r im e n t No. 6 .
(d ) iden tica l w ith  an  a u th e n tic  sam ple .
A nalysis o f th e  com pounds lis ted  in  T ab le  I I .

E x p e r im e n t No. 1.
(a ) iden tical w ith  an  a u th e n tic  sam ple .
(b) C12H 80 4N„S (262.1). Calcd. S 11.61. F o u n d  S 11.75%
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Table II

Exper- Thiolsulfinate 
imént g 
No. (M)

Dinitrochloro-
benzene,

g(M)

Other reactants, 
g(M)

NaHC03
g(M)

Solvent,
ml

l la
2.3

(0.01)
2.0

(0 .01)
— 0.8

(0 .01)
Alcohol: w ater 

80 : 16

2 Ie
4.5

(0.015)
3.0

(0.015)
— 1.2

(0.015)
Alcohol: w ater 

80 : 16

3
— 2.0

(0 .01)

(CeH 5S) 2
2.2

(0 .01)
0.8

(0 .01)

.

Alcohol: w a ter 
80 : 16

4
— 2.0

(0 .01)

(p-ClCeH 4S ),
2.9

(0 .01)
0.8

(0 .01)
Alcohol: w a ter 

80 : 16

5 Ia
2.3

(0 .01)
— — — Alcohol: w ater 

80 : 16

6 Ic
4.5

(0.015)
— — Alcohol: w ater 

100 : 20

7* lb
0.55 0.88 0.36 E thanol: w a ter 

7 : 0.7

* U n d e r  th e  ex p erim en ta l c o n d itio n s applied  b y  B a r n a r d —P ercy  

F o rm u la  of th e  co m p o u n d  show n  in th e  tab le : X I: H O  — C6H 3( N 0 2)2;

(d) id en tica l w ith  an  a u th e n tic  sam ple.
(f) iden tica l w ith  a n  a u th e n tic  sam ple.

E x p e r im e n t No. 2.
(a) iden tica l w ith  a n  a u th e n tic  sam ple.
(b) C12H ,0 4N 2SC1 (310.6). Calcd. S 10.32. F o u n d  S 10.20% . 
(d) id en tica l w ith  an  a u th e n tic  sam ple.

E x p e r im e n t No. 3.
(a) as above.
(b) as above.
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I s o l a t e d  s u b s t a n c e s

M . p . ,  ° C
a. j  b. C. d. e. f.

Disulfide, j  Sulfide,

(%) I  (%)

Sulfoxide,
g

(%)

Sulfone,
g

(%)

Sulfonic
acid,

g
(%)

Other products 

(%)

0.5
(22.9)

1.5
(57.2)

0.3
(10.2)

— XI
0.3

(a) 60— 61
(b) 118 
(d) 157 
(f) 113

0.75
(17)

3.0
(64.5)

0.80
(18.4)

— — (a) 70— 71
(b) 120— 123 
(d) 168— 170

2.45

p a rtly  as u n 
reacted  
substance

0.55
(19.9)

(a) 60— 61
(b) 118

1.7
( - )

p a r tly  as 
u n reac ted  
substance

2.0
(64.5)

X

0.2
(a) 70— 71
(b) 1 2 0 -1 2 2  
(f) 86-  87

1.2
(55)

— — — —
la
lg

(42.7)
as u r re a c te d  

subst.

(a) 6 0 - 6 1  
(f) 67—68

0.6
(13.2)

— — —
Ic

3.6
(79.2)

as u n reac ted  
subst.

(a) 70—71 
(f) 96—98

0.1
(19.3)

0.4
(32.8)

0.2
(31.1)

0.3
(44.4)

X
O.lu

See Table I

E x p e rim e n t No. 4.
(a) as above.
(b ) as above.
(f) iden tica l w ith  a n  a u th e n tic  sam ple. 

E x p e rim e n t No. 5.
(a) as above.
(f) id en tica l w ith  a n  a u th e n tic  sam ple. 

E x p e rim e n t No. 6 .
(a) as above.
(f) id en tica l w ith  an  a u th e n tic  sam ple.

W e w ish to  th a n k  D r. E . Csapó-B artos fo r th e  analyses.
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SU M M A R Y

T h e  cleavage of benzene-, p -to lu e n e- a n d  p -ch lo robenzeneth io lsu lfin ic  acid  p h en y l-, 
p - to ly l-  an d  p -ch lo ropheny l e ste rs  w ith  2 ,4 -d in itroch lo robenzene  in  a lka li h y d ro c a rb o n a te  
so lu tio n s  w as in v estig a ted  b y  th e  a u th o rs  a n d  su b seq u e n tly  b y  B a rn a rd  a n d  P e r c y . I t  was 
fo u n d  t h a t  ex ac t conclusions concern ing  th e  d irec tio n  an d  degree o f th e  c leavage can be  d raw n  
o n ly  in  th e  case o f  th e  p - to ly l co m pound . T his co m p o u n d , as c o n tra ry  to  th e  o th e r  tw o a n a 
lo g u es , p rac tica lly  does n o t  d isp ro p o rtio n a te  u n d e r  th e  conditions o f  th e  reac tio n . U sing  an  
eq u im o lecu la r q u a n tity  o f  d in itro ch lo ro b en zen e , side reac tions, w h ich  w ould  in te rfe re  w ith  
th e  s tu d y  o f th e  course o f th e  re ac tio n , can  be  e lim in a ted . M odel e x p erim en ts  carried  o u t u n 
d e r  su ch  conditions hav e  p ro v ed  th e  p re d o m in a n t ro le  n o t  on ly  of th e  su lfox ide b u t  also o f th e  
su lfid e  fo rm ed in  th e  p r im a ry  reac tio n . I t  h a s  b een  show n th a t  th e  p rin c ip a l p a r t  of d in itro 
ch lo ro b en zen e  reac ts  a t  a  re la tiv e ly  h ig h  r a te  in  th e  p rim a ry  process, a n d  o n ly  a  sm all p a r t  is 
a v a ilab le  fo r secondary  reac tio n s. I t  is to  be  assu m ed  on th e  basis o f th ese  ex p erim en ta l re su lts  
t h a t  th e  nucleophilic  ch a ra c te r  o f  th e  th io lsu lf in a te  m olecule is n o t to  be  a tt r ib u te d  exclusively 
to  th e  S (II)  and  S(IY) su lfu r a to m s.
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ZUR ANWENDUNG  
EINIGER KONFORMATIONSREGELN 

AUF CYCEOHEXYLAMINE
К . A l t e n b u r g

( In s ti tu t  f ü r  Physikalische Chemie der Deutschen A kadem ie der W issenschaften zu  Berlin ,
B erlin -A d lersho f)

E in g eg an g en  am  16. Ju n i 1967

I. Einleitung

In  einer vorangegangenen  M itte ilu n g  [1] (im  fo lgenden  m it [1 ] z itie rt)  
w ar, ausgehend  von  einer th e o re tisc h e n  D eu tung  d er A b h än g ig k e it d e r  S iede
te m p e ra tu re n  isom erer A lkane v o n  d e r F o rm  der M oleküle [2], eine D eu tu n g  
v e rsch ied en er, zu r K o n fo rm atio n s- u n d  K o n fig u ra tio n san a ly se  cyclischer 
A lkane  b e n u tz te r  R egeln gegeben  w orden . W eite rh in  w urden  ein ige neue , 
un iv erse ll anw endbare  u n d  au ch  fü r  stellungsisom ere V erb in d u n g en  gültige 
B eziehungen  ü b e r die Z u sam m en h än g e  zwischen K o n s titu tio n  u n d  p h y s ik a li
schen  E ig en sch aften  angegeben . D a n a c h  w ird  die A b h än g ig k e it v e rsch ied en er 
p h y sik a lisch e r E ig en sch aften  v o n  d e r F o rm  der M oleküle im  w esen tlichen  d u rch  
die A bh än g ig k e it d ieser E ig en sch a ften  vom  q u a d ra tisc h e n  M itte lw e rt des 
R ad iu s  [3] eines M oleküls, d er dem  m ittle re n  T räg h e itsm o m en t eines M oleküls 
e n tsp r ic h t [4], b es tim m t.

F e l t k a m p  u . M ita rb e ite r [5] h a b e n  in  der le tz te n  Z eit eine R eihe  s te reo 
isom erer C yclohexylam ine d a rg e s te llt , deren  S ied e tem p era tu ren , D ich ten  u n d  
B rechungsind izes b e s tim m t u n d  die E rgebnisse  a n h a n d  d er A u w e r s — S k i t a - 
schen  R egeln in  der von  V a n  B ekktjm u . M ita rb e ite rn  [6] gegebenen  F orm  
d isk u tie r t. M it diesem  ex p e rim en te llen  M aterial is t es m öglich, die A nw en d 
b a rk e it  d er in  [1] gew onnenen E rg eb n isse  au f diese S to ffk lasse zu  p rü fen . E ine  
d e ra rtig e  P rü fu n g  is t von  g ru n d sä tz lich em  In te resse , d a  die C yclohexylam ine 
p o la r u n d  zum  Teil zu r B ildung  v o n  W assersto ffb rücken  fäh ig  sind . B ei e iner 
so lchen V erb indungsk lasse is t am  eh esten  ein V ersagen  d er b ish e r n u r  fü r  
u n p o la re  K ohlenw asserstoffe  g e p rü fte n  B eziehungen zu  e rw arten .

II. Zur Berechnung der quadratischen Mittelwerte der Radien der Cyclohe
xylam ine

E in e  w esentliche Rolle be i d e r  D eu tu n g  der A b h äng igke it p h y sik a lisch e r 
E ig en sch aften  isom erer V e rb in d u n g en  von  der F o rm  d e r M oleküle sp ie lt der 
q u a d ra tisc h e  M itte lw ert des R a d iu s , so daß  au f dessen B erechnung  zu n äch st 
k u rz  eingegangen sei (vgl. h ie rzu  [3]).
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D er q u ad ra tisch e  M itte lw e rt des R ad ius eines M oleküls is t du rch  folgende 
B ez iehung  defin iert:

R2 =  —  (1)
N T

H ie rb e i sind N  die Z ah l d e r  (gleichen) B au ste in e  u n d  r,- d er A b s tan d  des i-ten  
B au ste in es  vom  S c h w e rp u n k t des M oleküls. D er m it 2/3 M  (M  =  M olekular
gew ich t) m ultip liz ierte  W e r t  von  R 2 en tsp ric h t dem  m ittle ren  T räghe itsm om en t 
des M oleküls [4]. D u rc h  e lem en tare  U m fo rm u n g en  [3a] fo lg t aus Gl. (1)

R 2 =
N 2

v  ■Vc?._ _  3ij •.
‘ ]>l

( 2)

w obei Sij der A b stan d  des i- te n  vom  j - te n  B au s te in  des M oleküls ist. K en n t 
m a n  die A bstände d e r  B au ste in e  des M oleküls v o n e in an d er, so k a n n  m an den 
q u a d ra tisc h e n  M itte lw e rt des R adius e lem en ta r  berechnen , indem  m an die 
H ä u fig k e it der e inzelnen  in  einem  M olekül v o rk o m m en d en  A b stän d e  abzäh lt, 
m it  dem  q u ad ra tisch en  M itte lw e rt des A b stan d es  m u ltip liz ie rt u n d  säm tliche 
W e rte  ad d ie rt. N ach  d ie se r  M ethode w u rd en  u n te r  B en u tzu n g  des Modells 
d e r  „ fre i d rehbaren  V a len zw in k e lk e tte“  (freie D re h b a rk e it um  jede E in fach 
b in d u n g  u n te r  B e rü ck sich tig u n g  des T e traederw inke ls) fü r  eine große A nzahl 
acyclischer und  cy c lischer A lkane die q u a d ra tisc h e n  M itte lw erte  der R adien  
b e re c h n e t [3].

D ie C yclohexy lam ine un terscheiden  sich v o n  den en tsp rechenden  Cyclo- 
h ex y ld e riv a ten  in ih re m  K ern g erü st d u rch  die un te rsch ied liche  Länge der 
C — N -B indung . P rin z ip ie ll is t es m öglich, die q u ad ra tisch en  M itte lw erte  der 
R a d ie n  u n te r  B erü ck sich tig u n g  u n te rsch ied lich er B indungslängen  (und B in 
dungsw inkel) zu b e re c h n e n  [3b]. Die nu m erisch en  R echnungen  w erden dadurch  
je d o c h  w esentlich u m fan g re ich e r. D a sich die B indungslängen  der C—C- u n d  
d e r C —N -B indungen  (1 ,54 Á bzw. 1,47 Á [7]) n ic h t w esen tlich  un terscheiden , 
k a n n  m an , wie an  a n d e re r  Stelle [8] gezeigt w u rd e , in  den A m inen  näh eru n g s
w eise die q u ad ra tisch en  M itte lw erte  der R ad ien  d er C yclohexanderivate  ü b e r
n eh m en , deren C -A tom e die gleiche A n o rd n u n g  aufw eisen, wie die schw eren 
A to m e der in te ress ie ren d en  C yclohexylam ine; d. h . es e n tsp ric h t:

X -M eth y lcy c lo h ex y lam in  =  l.X -D im e th y lcy c lo h ex an
N -M etliy l-X -m eth y lcy clo h ex y lam in  =  1 -Ä thy l-X -m ethy lcyc lohexan
N .N -D im eth y l-X -m eth y lcy c lo h ex y lam in  =  1 -Isop ropy l-X -m ethy lcyclohexan  
u n d
X -te rt.-B u ty lc y c lo h ex y lam in  == l-M e th y l-X -te rt.-B u ty lcy c lo h ex an

D ie q u ad ra tisch en  M itte lw e rte  der R ad ien  d ieser C yclohexane w urden  früheren  
V eröffen tlichungen  [3d , 3e] en tnom m en u n d  sind  in  T ab . I  zusam m engestellt.
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Tabelle I

Quadratische M ittelw erte der R adien  R , bezogen a u f  die Länge einer C-C-E infachbindung  a, 
Dichte о bei 20 °C, B rechungsindex n bei 20 °C, M olrefraktion R p  u n d  gemessene bzw. berechnete 

Siedetem peraturen tsex* bzw. tstfl f ü r  C yclohexylam ine**

Substanz Form Я7»? 6
[gern-3] n

T>K d
[cm3
Mol-1] t° q

Usth
[ ° q

2-M ethyl-
cyclohexylam in

cis
trans

1,2917
1,4167

0,8710
0,8550

1,4607
1,4541

35,645
35,862

151.8
148.8

150,9
146,6

3-M ethyl-
cyclohexylam in

cis
trans

1,5260
1,3594

0,8545
0,8646

1,4518
1,4569

35,726
35,652

149,5
150,8

150,4
149,9

4-M ethyl-
cyclohexylam in

cis
trans

1,3750
1,5833

0,8695
0,8492

1,4570
1,4508

35,410
35,880

150,5
149,2

153,2
149,6

N -M ethyl-2-m ethyl-
cyclohexylam in

cis
trans

1,5967
1,6955

0,8607
0,8486

1,4570
1,4531

40,260
40,533

162.6
161,4

164.2
160.2

N -M ethyl-3-m ethyl-
cyclohexylam in

cis
trans

1,8820
1,7174

0,8396
0,8478

1,4500
1,4518

40,726
40,470

163,6
161.1

161,6
160,5

N -M ethyl-4-m ethyl-
cyclohexylam in

cis
trans

1,7394
1,9808

0,8500
0,8418

1,4531
1,4511

40,466
40,704

163,0
164,3

162,8
166,7

N .N -D im ethyl-2-m ethyl-
cyclohexylam in

cis
trans

1,7867
1,8667

0,8598
0,8448

1,4605
1,4519

45,093
45,100

178,5
170,3

178,5
170,9

N .N -D im ethy l-3-m ethy l-
cyclohexylam in

cis
trans

2,0989
1,9389

0,8406
0,8394

1,4518
1,4509

45,317
45,303

176.2
172.3

176.7
169.8

N .N -D im ethyl-4-m ethyl-
cyclohexylam in

cis
trans

1,9644
2,2222

0,8453
0,8360

1,4531
1,4490

45,177
45,321

174,5
177,3

174,9
178,1

4-te rt.-B u ty l-
cyclohexylam in

cis
trans

2,1047
2,3691

0,8716
0,8660

1,4670
1,4645

49,435
49,525

210,1
211,2

207,8
213,5

* U m  v erg le ichbare  W erte  zu e rh a lten , w u rd en  säm tliche S ied e tem p era tu ren  a u f  einen 
D ru ck  von 725 T o rr  u m g erech n e t.

** Säm tliche  ex p erim en te llen  W erte  s. [5].

Die im  fo lgenden  b e tra c h te te n  su b s titu ie r ten  C y c lohexy lam ine  ex istieren  jew eils in 
zwei verschiedenen K o n fig u ra tio n en  (trans- bzw. c is-Form ). Jed e  K o n fig u ra tio n  k a n n  g ru n d 
sä tz lich  w iederum  in  zwei versch iedenen  K o n fo rm atio n en  vorliegen: d i-äq u a to ria l oder di- 
ax ia l bzw. ä q u a to ria l-ax ia l bzw . a x ia l-äq u a to ria l. A us energetischen  G ründen  ist im  e rs ten  
Fa lle  die d i-äq u a to ria le  A n o rd n u n g  die stab ile re , im  zw eiten Fall dagegen  diejenige, bei d e r 
die g rößere G ruppe  die ä q u a to r ia le  S te llung  e in n im m t. Die s tab ile re  F o rm  h a t jew eils den  
größeren  R adius.

III. Physikalische Eigenschaften und Radius

In  [1] w aren  die Z u sam m en h än g e  zw ischen M olekülform  u n d  R ad ius e in e r
seits u n d  R ad ius u n d  physik a lisch en  E ig en sch aften  der C yclohexane a n d e re r
seits abgele ite t w orden . Im  folgenden sei gezeigt, daß diese B eziehungen  auch  
fü r  die C yclohexy lam ine gelten .
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I I I . 1 Molvolumen u n d  Dichte

A n  anderer S telle  [9] w ar gezeigt w orden , daß  die M olvolum ina d er 
M ethy lcyclohexane m it g le icher Z ahl ä q u a to r ia le r  bzw. ax ia le r M ethy lg ruppen  
lin ea r m it  dem  Q u ad ra t des R ad iu s  w achsen . F ü r  das M olvolum en V M isom erer 
M ethy lcyclohexane g ilt fo lgende B eziehung

V m  — k0 +  k n ns +  k R —— (3)
«i

H ie rb e i sind  ns die Z ah l d e r  M eth y lg ru p p en , R 2/a\  der a u f d ie  L änge a x einer 
C — C -E in fachb indung  bezogene q u a d ra tisc h e  M itte lw ert des R ad iu s  und  L j h n 
u n d  k R K o n stan ten , d ie  v o n  der K o n fo rm a tio n  der b e tre ffen d en  V erb indung  
(u n d  d e r  T em p era tu r) ab h än g en .

1 04  ALTENBURG: ANWENDUNG EINIGER KONFORMATIONSREGELN AUF CYCLOHEXYLAMINE

A bb. 1. A bhängigkeit d e r  M olvolum ina von  N .N -D im eth y l-X -m eth y lcy c lo h ex y lam in en  vom  
q u a d ra tis c h e n  M itte lw ert des R ad ius. D ie e ingezeichneten  G eraden en tsp rech en  de r Gl. (3)

T rä g t m an ana lo g  die M olvolum ina isom erer C yclohexylam ine als F u n k 
tio n  v o n  II'l<i] au f (s. A b b . 1), so liegen die P u n k te  fü r  V erb in d u n g en  m it glei
c h e r  K onfo rm ation  d e r  S u b s titu e n te n  (ae bzw . ее) a u f  (sich schneidenden) 
G e ra d e n  m it p o s itiv e r N eigung . Im  a llgem einen  liegen die P u n k te  der V erb in 
d u n g e n  der K o n fo rm atio n  ae links, die d e r  V erb indungen  d e r  K o n fo rm atio n  ее 
re c h ts  vom  S c h n ittp u n k t d er G eraden.*  I n  diesen F ällen  h a b e n  die V erb indun-

* A usnahm en sind  a u f  G ru n d  der R ad ien v erh ä ltn isse  bei den  3 -A lkylcyclohexylam inen  
m ög lich . Bei diesen V e rb in d u n g en  kön n en  d ie P u n k te  der K o n fo rm atio n  (ae) re ch ts  vom  
S c h n i ttp u n k t  liegen, so d a ß  u . U . die V e rb in d u n g  m it dem  größeren  R a d iu s  das k leinere  M ol
v o lu m en  aufw eist. D ies is t  bei den  N .N -D im eth y l-3 -m eth y lcy clo h ex y lam in en  der Fall.

E ine  derartige  U m k e h ru n g  is t n u r  bei d en  1 .3-V erbindungen zu  erw arten . Bei den  1.2- 
V erb in d u n g en  liegt die c is -V erb indung  (K o n fo rm atio n  ae) w esen tlich  u n te rh a lb  des S c h n itt
p u n k te s  der G eraden, w ä h ren d  bei den 1 .4 -V erb indungen  die trans-Verb in d u n g  (K o n fo rm atio n  
ее) w esen tlich  oberhalb  des S c h n ittp u n k te s  lieg t.

Acta Chim. Acad. Sei. Hung. 57, 1968



ALTENBURG: ANWENDUNG EINIGER KONFORMATIONSREGELN AUF CYCLOHEXYLAMINE 1 0 5

gen  d e r K o n fo rm atio n  ее größere M olvo lum ina und  d a m it k le inere  D ic h te n  als 
d ie  kon fig u ra tio n siso m eren  V e rb in d u n g e n  d er K o n fo rm atio n  ae.

Die B eziehung  (3) g ilt s in n g em äß  auch  fü r die A lky lcy c lo h ex y lam in e . 
n s e n tsp ric h t in  d iesem  F alle  d er Z ah l d e r  schw eren A tom e in  den  S e ite n k e tte n  
des C yclohexylam ins. E ine A usg le ichsrechnung  ergib t fü r  das M olvolum en der 
A lky lcyc lohexy lam ine  (bei 20 °C) fo lgende W erte  fü r die K o n s ta n te n  d e r Gl. 
(3):

Konforma
tion cm3 Mol-1 cm3 Mol-1 cm3 Mol-1

a e 72,474 10,712 26,840
ее 92,717 16,303 4,635

I I I . 2 Siedetemperatur

W ie bere its  v o n  versch iedener S e ite  [6] b e to n t und  in [1 ] th e o re tisc h b e g rü n 
d e t w u rd e , b e s te h t zw ischen d e r K o n fig u ra tio n  von C yclo h ex y lv erb in d u n g en  
u n d  deren  S ied e tem p era tu ren  kein  u n m itte lb a re r , e in d eu tig e r Z u sam m enhang .

D ie S ie d e te m p e ra tu r  (im  D ru ck b e re ich  von 100 b is 1000 T orr) e rg ib t 
sich , w ie in  [1] gezeigt w urde , aus d em  d u rch  eine stoffspezifische K o n s ta n te  
e rw e ite rten  T heorem  der k o rre sp o n d ie ren d en  Z ustände zu

t$ =  A d +  4 ,98508 M q +  37,708 —  , (4)
ai

w obei A d eine fü r  jed e  G ruppe von  iso m eren  V erb indungen  ch a ra k te ris tisch e  
(d ru ck ab h än g ig e) K o n s ta n te , M  das M olekulargew icht u n d  g =  d^0 die D ich te  
b e i 20 °C is t. F ü r  die S ied ep u n k tsd iffe ren z  zw eier isom erer V erb in d u n g en  fo lg t 
h ie rau s

Ats =  *s2 -  Gi =  4,98508 M (g 2 Qj) 4- 37,708 ( 5 )

D a, w ie in  I I I . 1 d a rg es te llt w urde , die kon figu ra tio n siso m ere  V erb in d u n g  m it 
dem  g rößeren  R ad iu s  im  allgem einen  d ie  k leinere D ich te  au fw eist, h a b e n  die 
b e id en  T erm e d er Gl. (5) versch iedenes V orzeichen. In  den  m e is ten  F ä llen  ü b e r 
w ieg t d er erste  T e rm ; die V erb in d u n g  m it  dem  größeren R ad iu s  h a t  d a n n  die 
n ied rig ere  S ied e tem p era tu r. E s sind  je d o c h  einige Fälle  b e k a n n t (s. [1] A bschn . 
3 .1), in  denen d er zw eite T erm  ü b e rw ieg t. In  diesen F ä llen  h a t  en tgegen  der 
e rw e ite rten  A u w e h s  — SKiTAschen R ege l die V erb indung  m it dem  g rö ß eren  
q u a d ra tisc h e n  M itte lw ert des R ad iu s  d ie  höhere  S ied e tem p era tu r.
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Z u r K o n fig u ra tio n san a ly se  geeigneter als die S ie d e te m p e ra tu r  sind zwei 
F u n k tio n e n , die aus Gl. (4) folgen. U n m itte lb a r  e rg ib t sich, d aß

ts — 4 ,98508  M g = f d A d +  37,708 —
«i

(6)

eine eindeutige F u n k tio n  des q u ad ra tisch en  M itte lw ertes  des R adius is t. 
A n an d e re r Stelle [10] w u rd e  w eiterh in  gezeigt, d aß  m an  in  Gl. (4) anstelle der 
D ich te  den  B rech u n g sin d ex  n bei 20° €  (fü r die D -L inie) e in fü h ren  k an n . F ü r  
die S ied e tem p era tu r g ilt d an n

ts =  A n +  10,168 M n  +  36,025 (7)

H ierau s folgt analog z u r  G l. (6)

ts -  10,168 M n  = / „ =  A n -f- 36,025
K 1

«l
( 8)

Z u r P rü fung  d er B eziehungen  (6) u n d  (8) sind  in  A b b . 2 bzw. 3 /d (R 2/a l)  
bzw . f n { R 2j a \ )  als F u n k t io n  von jfU/a^ fü r  versch iedene isom ere C yclohexyl- 
am ine  dargeste llt. D ie N eigung  der e ingezeichneten  G erad en  en tsp rich t dem  
W ert tg  ocj =  37,708 (G l. (6)) bzw. tg  a„ =  36,025 (Gl. (8)). D ie u rsp rüng lich  
fü r  acyclische A lkane ab g e le ite ten  B eziehungen  gelten  also auch  q u a n tita tiv  
fü r  die C yclohexylam ine. D ie A bbildungen  zeigen, daß  eine eindeutige Z u o rd 
n u n g  von K o n fig u ra tio n s- und  S te llungsisom eren  m öglich  ist, w enn  
A R 2/a \  =  Щ\а\ — Rf/a'i > 0 ,1  ist. Diese V orau sse tzu n g  is t fü r  säm tliche K o n 
figura tionsisom ere  e rfü llt .

W eiterh in  w u rd en  z u r P rü fung  der oben  angegebenen  Beziehungen die 
S ied e tem p era tu ren  d e r C yclohexylam ine m itte ls  Gl. (4) b erech n e t.*  In  T ab . I I  
s in d  diese W erte den  experim en te llen  W e rte n  [5] gegenübergestellt. Die V o r
zeichen der D ifferenzen  d e r berechneten  u n d  d er ex p erim en te ll b estim m ten  
S ied e tem p era tu ren  k o n fig u ra tio n siso m ere r V erb in d u n g en  stim m en  bis a u f 
einen  F a ll überein .** D ie  C yclohexylam ine v e rh a lte n  sich  bezüglich  der S iede
te m p e ra tu ren  ebenso w ie die C yclohexanderivate .***  D ies erschein t e rs tau n lich , 
da diese Am ine p o la r s in d , und  die p rim ären  u n d  se k u n d ä re n  Amine d a rü b e r  
h in au s zu r B ildung  v o n  W assersto ffb rücken  b e fäh ig t s in d . M an m uß jed o ch  
folgendes b e rü ck sich tig en . A n anderer S telle  [11] w urde  gezeigt, daß die A b-

* Die K o n s ta n te  A n h a t  dabei die W erte  — 389,30; — 441,91; — 494,35 und  — 546,21.
** Dies sind d ie 3 -M ethylcyclohexylam ine. H ie rb ei is t fo lgendes zu berücksich tigen . 

D ie D ifferenz der S ie d e te m p e ra tu ren  erg ib t sich als D ifferenz zw eier g ro ß er Zahlen. E in  F e h 
ler v o n  0.001 gern-3  bei d e r  D ich tem essung  b e d in g t eine U n s ich e rh e it d e r  berechneten  S iede
te m p e ra tu r  von 0.5°.

*** Die von F e l t k a m p  u n d  T homas [5] a n  H a n d  der A uw ERS-SxiTA schen Regel ge
fü h r te n  D iskussionen ü b e r  d a s  untersch ied liche V e rh a lten  der S iedepunk tsd ifferenzen  k o n fi
gurationsisom erer C y c lohexy lam ine  wird d am it gegenstandslos.
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Tabelle II

Vergleich der Anw endungsbereiche der verschiedenen Beziehungen zur K onstitu tionsau fklärung

Beziehung Definition
Experimentell 

z. bestimmende 
Größen

Anwendungsbereich

fd  ( K 2l a i ) Gl. (6) «s>‘ Q K onfigurationsisom ere , 
S tellungsisom ere sofern 

Л K 2/a \ >  0,1

fn  (Tifn'i) Gl. (8) ts ; n desgl.

M olrefrak tion п ;  о K onfigurationsisom ere

D ich te Q K onfigurationsisom ere*

B rechungsindex n desgl.

* A u snahm en  sind  bei den 3 -A lkylcyclohexylam inen  m öglich.

Abb. 2. D ie A b h än g ig k e it der F u n k tio n  / d (R 2/a \)  von  R 2/a f  fü r  X -M ethy lcyclohexy lam ine, 
N -M eth y l-X -m eth y lcy c lo h ex y lam in e  u n d  N .N -D im eth y l-X -m eth y lcy c lo h ex y lam in e  (von  

oben n a ch  u n ten ). Die e ingezeichneten  G eraden  en tsp rech en  der Gl. (4)

Abb. 3. D ie A b h än g ig k e it der F u n k tio n  f n(R 2/a l)  von  R 2/a \  fü r  X -M eth y lcyclohexy lam iue, 
N -M eth y l-X -m eth y lcy c lo h ex y lam in e  u n d  N .N -D im eth y l-X -m eth y lcy c lo h ex y lam in e  (von 

oben n ach  u n ten ). D ie eingezeichneten  G eraden  en tsp rech en  de r Gl. (7)
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h ä n g ig k e it d er p h y sik a lisch en  E ig en sch aften  v o n  der F o rm  d er M oleküle in 
e rs te r  L in ie  eine Folge d e r  u n te rsch ied lich en  P o ten tia le  d er a b s to ß en d en  
zw ischenm oleku laren  K rä f te  is t. D ie D ip o lk rä fte  u n d  die d u rch  die W assers to ff
b rü ck en b in d u n g en  b ed in g te n  K rä f te  beein flussen  im  w esen tlichen  die an z ieh en 
den  zw ischenm oleku laren  K rä f te . Sie f in d e n  ih ren  A usd ruck  in  den  K oeffi
z ie n te n  A j  bzw . A n d e r G l. (4) bzw . (7). B eim  V ergleich d er E ig en sch aften  
iso m ere r V erb indungen  fa llen  diese K o effiz ien ten  jed o ch  h e rau s.
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I I I . 3 Molrefraktion u n d  Brechungsindex

A u ch  M olrefrak tion  u n d  B rech u n g sin d ex  hängen  v o n  d er F o rm  der 
M oleküle ab  u n d  sind  desh a lb  prinzip ie ll z u r  K o n s titu tio n se rm ittlu n g  geeignet. 
In  e in e r v o rangegangenen  M itte ilu n g  [12] w a r  gezeigt w orden , d aß  fü r  die Mol
re f ra k tio n  R d g e sä ttig te r  K oh lenw assersto ffe  fo lgende zur Gl. (4) analoge Bezie
h u n g  g ilt:

re2 _  i  и  R*
R d = ------------------- =  R 0 -  0 ,098065 M q +  0,1726 —  (9a, b)

„ n 2 +  2  Q a f

m it
R 0 =  5,0068 nc +  0 ,3694 n H

n c bzw . n H sind  h ierbei die Z ah l der K o h lensto ff- bzw . W asse rs to ffa to m e  der 
b e tre ffe n d en  V erb in d u n g . E in  V ergleich d e r K oeffiz ien ten  d er G l. (9) m it 
d en en  d e r Gl. (4) e rg ib t, d a ß  d er E in flu ß  d e r M olekülform  a u f  die M olrefrak tion  
w esen tlich  geringer is t als a u f  die S ie d e te m p e ra tu r. Aus diesem  G ru n d e  ist 
au ch  die aus Gl. (9) fo lgende, zu den  G in . (6) bzw . (8) analoge B eziehung

R d ~b 0,098065 M q
R 1

ai
( 10)

w en ig er zu r K o n fo rm atio n san a ly se  geeignet als die B eziehung  (6) bzw . (8).* 
W ie in  I I I .  1 gezeig t w u rd e , h a t  be i K on fig u ra tio n siso m eren  im  allge

m ein en  die V erb in d u n g  m it dem  g rößeren  q u a d ra tisc h e n  M itte lw ert des R ad ius 
die k le in ere  D ich te . W egen  des n eg a tiv en  V orzeichens des D ich te te rm s add ieren  
sich  b eide  T erm e d er Gl. (9). D ie M o lre frak tion  k o n fig u ra tio n siso m ere r V er
b in d u n g e n  is t deshalb  eine e indeu tige  F u n k tio n  des q u a d ra tisc h e n  M itte lw ertes 
des R ad iu s . Von zw ei k o n fig u ra tio n s iso m eren  V erb indungen  h a t  s te ts  die m it 
dem  g rößeren  q u a d ra tisc h e n  M itte lw ert des R ad iu s  die g rößere M olrefrak tion . 
W ie T a b . I , in  der die ex p erim en te ll b e s tim m te n  M olrefrak tionen  d en  m itte ls  
G l. (9) berechneten**  gegen ü b erg este llt s ind , zeigt, is t dies s te ts  d er F all.

* U n te rsch e id e t sich  d ie G röße R2/u ; zw eier isom erer V erb in d u n g en  um  0,2 E in h e ite n , 
so b e d in g t dies einen U n te rsch ie d  von  *■' 0,035 E in h e ite n  in D ies is t  v erg le ichbar
m it  d e r  F eh lergrenze de r m eisten  M essungen d e r M olrefrak tion .

** In  diesem  F a ll i s t  R 0 in  Gl. (9b) d u rc h  e inen  T erm  4,4620 nN (nN =  Z ah l de r S tick 
s to ffa to m e) zu ergänzen.
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E s b e s te h t sch ließ lich  noch die M öglichkeit, den  B rechungsindex  u n m it
te lb a r  zu r K o n s titu tio n se rm ittlu n g  he ran zu z ieh en . L ö st m an  Gl. (9) n a c h  n  
au f, so e rh ä lt m a n

1 +  2x
m it Rp Q

M
u n d  R  г Rp  Í?;

R 2

« 1
( И )

B e tra c h te t  m an  zw ei isom ere V erb indungen , so is t n 2 n l und  q2 ^  gx. E in e  
R e ih en en tw ick lu n g  e rg ib t fü r die D ifferenz  der B rechungsindizes in  e rs te r  
N äh eru n g

dn

dg (02 ~  Pl) +  •

F ü h r t m an  die D iffe ren tia tio n  u n te r B erü ck sich tig u n g  d e r  G in. (3) u n d  (9) aus, 
so e rh ä lt m an

n 2
1 1

n í (1 — XjJ2 M
9 +  Rp ( Q 2  -  Q i )  ■ ( 12)

E in e  A b sch ä tzu n g  ze ig t, daß  bei den  h ie r  b e tra c h te te n  V erb indungen  s te ts  
j d R D )
---------  g <  R q is t . D a m it sind säm tlich e  in  Gl. (12) e ingehenden  T erm e posi-

l dg I
t iv ;  die D ifferenz d e r B rechungsindizes is t  d a m it im  w esentlichen  den  D ic h te 
d ifferenzen  p ro p o rtio n a l. F ü r  den B rech u n g sin d ex  g ilt som it sinngem äß  das 
fü r  die D ich te  in  I I I . 1 G esagte. Von k o n fig u ra tio n siso m eren  V erb indungen  h a t  
im  allgem einen  d ie  V e rb in d u n g  m it dem  größeren  q u a d ra tisc h e n  M itte lw ert des 
R ad iu s  den  k le in e ren  B rechungsindex . A usn ah m en  s ind  — analog zur D ic h te  — 
bei den  3 -A lky lcyclohexy lam inen  m öglich.

IV. Vergleich der verschiedenen Methoden

E in  V erg leich  d er in  I I I .  zu r K o n s titu tio n se rm ittlu n g  au f G rund  d e r p h y 
sikalischen  E ig en sch a ften  beschriebenen  M ethoden  (s. T a b . I I )  e rg ib t, d aß  die 
A ussagefäh igkeit d e r  F u n k tio n e n /<*(.К2/а[) [Gl. (6)] bzw . f n(R 2la\) [Gl. (8)] am  
g rö ß ten  ist. D ie Gl. (6) is t theo re tisch  fu n d ie r te r ; fü r  die p rak tisch e  A n w endung  
is t jed o ch  Gl. (8) ü b erleg en , da  die B estim m u n g  des B rechungsindex  m it v e r 
g le ichbarem  ex p erim en te llem  A ufw and m it g rößerer G enau igkeit m öglich  is t 
als die der D ich te .

D ie M o lre frak tio n  lie fert ebenfalls e indeu tige  A ussagen  über die Z u o rd 
n u n g  d er K o n fig u ra tio n siso m eren ; eine Z u o rd n u n g  d e r S tellungsisom eren  is t 
aus den  in  I I I . 3 g e n a n n te n  G ründen  n ic h t m öglich. M itte ls  D ich te  u n d  B re 
ch u n g sin d ex  k ö n n e n  ausschließlich  K o n fig u ra tio n siso m ere  zugeordnet w erd en . 
A us den  oben  g e n a n n te n  G ründen  is t d e r B rech u n g sin d ex  h ierfü r die geeig
n e te re  G röße.
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Z U SA M M E N F A S SU N G

E s w ird  gezeigt, d aß  die fü r acyclische u n d  cyclische A lkane a b g ele ite ten  B eziehungen 
zw ischen  S ie d e te m p e ra tu r, D ich te  u n d  B rech u n g s in d ex  e inerseits u n d  d em  q u ad ra tisch en  
M itte lw e rt des (T rägheits-) R ad iu s an d ere rse its  a u ch  a u f  isom ere C yclohexylam ine an w en d 
b a r sin d . D ie  M öglichkeiten  de r K o n fo rm atio n san aly se  de r C yclohexylam ine m itte ls  S iedetem 
p e ra tu r ,  D ich te , B rechungsindex  u n d  e in iger h ie rau s  ab g ele ite te r F u n k tio n e n  w erden d is
k u tie r t .
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PROTONENRESONANZSPEKTROSKOPISCHE UNTER
SUCHUNGEN UND RIUDUNG YON O-ACETYL-D-GLU- 
CONSÄURE-, -D-MANNONSÄURE- UND -D-XYLONSÄU- 

RE-(l,5)-LACTON-2,4-DINITRO-PHENYLHYDRAZON

F . R u f f ,* I . S c h u s t e r ** und Á . G e r e c s

(Lehrstuhl f ü r  Chemische Technologie der Eötvös Loránd U niversitä t, B udapest)  

E in g eg an g en  am  21. Ju n i 1967

E s w urde von uns frü h e r  besch rieb en , daß  sich bei d e r ace ty lie ren d en  R in g 
sp a ltu n g  aus den, eine P y ra n o s e -S tru k tu r  b esitzenden  0 -A cety l-2 ,4 -d in itro - 
phenyl-»hydrazonen« v o n  D -G lueose, D-M annose u n d  D -X ylose als N eb en 
p ro d u k t je  eine V erb indung  von  u n b e k a n n te r  S tru k tu r  b ild e te , w enn zum  E s
sig säu rean h y d rid  ein w enig  C hinolin  (oder P y rid in ) zugegeben  w urde  [1, 2]. 
D u rch  M ikroanalyse bzw . in fra ro t-sp ek tro sk o p isch e  U n te rsu ch u n g en  k o n n te  
fe s tg es te llt w erden , d aß  diese N eb en p ro d u k te  in dem  D in itro -p h en y lh y d raz in - 
A n te il n u r eine N H -G ru p p e  e n th a lte n , u n d  daß  das G lucose- u n d  M annose- 
D e riv a t 4, das X y lo se -D eriv a t ab e r 3 A cety lg ruppen  b e s itz t. D ie im  In fra ro t-  
S p e k tru m  dieser N e b en p ro d u k te  be i 1670 c m ^ 1 befind liche  B ande v o n  k le iner 
In te n s i tä t  w urde d er C =  N  D o p p e lb in d u n g  zu g eo rdne t. D a ab er die B ande 
d ieser D oppelb indung  im  S p e k tru m  des o ffenkettigen  O -P en taacety l-D -g lucose-, 
D-M annose- bzw . 0 -T e traace ty l-D -x y lo se -2 ,4 -d in itro p h en y lh y d razo n s bei 1600 
c m -1 erschein t, m u ß te  an g en o m m en  w erden , daß  zw ischen  diesen D o p p e lb in 
d u n g en  ch a rak te rm äß ig  ein U n te rsch ied  b esteh t.

W eitere  A ufschlüsse ü b e r  die S tru k tu r  der b e tre ffen d en  V erb indungen  
k o n n te n  von den k e rn reso n an zsp ek tro sk o p isch en  U n te rsu ch u n g en  e rw a rte t 
w erden . A uf G rund  d ieser erw iesen  sich die e rw äh n ten  N eb en p ro d u k te  als
0 -A cety l-a ld o n säu re-< (l,5 )-lac to n -2 ,4 -d in itro -p h en y lh y d razo n e . N eben  den 
A ce ty lie ru n g sn eb en p ro d u k ten  w u rd en  para lle l auch die b e tre ffen d en  O -A cetyl- 
2 ,4 -d in itro -p h en y lh y d razo n e  v o n  o ffen k e ttig e r (I) u n d  v o n  P y ra n o se -S tru k tu r  
(II) u n te rsu c h t.

V or der e ingehenden  A n aly se  d er N M R -S pek tren  d e r b e tre ffen d en  V er
b in d u n g en  k an n  allgem ein  fo lgendes festg este llt w erden . B ei der k le in sten  F e ld 
s tä rk e  (Ő =  11,50 — 9,50 p p m ) e rsch e in t das Signal des P ro to n s  von  d er dem  
a ro m atisch en  R ing  b e n a c h b a r te n  N H -G ru p p e . Die S ignale d er P ro to n e n  des 
a ro m atisch en  A nteiles im  B ere ich  <5 =  7 ,80—9,50 p p m  zeigen die e rw a rte te  
A u fspa ltung , wogegen die P ro to n e n  des M onose-A nteiles im  B ereich  ö — 6,30 — 
3,50 p p m  ein kom pliz iertes S y stem  bilden.

* L eh rs tu h l fü r O rganische Chem ie de r E ö tvös L oránd  U n iv e rs itä t , B u d ap est.
** O rganisch-C hem isches I n s t i tu t  de r U n iv e rs itä t, W ien.
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D ie P ro to n en  d er A ce ty lg ru p p en  bei d =  2 ,6 0 —2,00 p p m  geben m eistens 
m eh re re  S ignale, deren  A u fsp a ltu n g  ab er bezüg lich  d e r räu m lich en  S tellung  
d e r A ce ty lg ruppen  k eine  w eite ren  Schlüsse m eh r g e s ta tte t .  D ie R egeln von 
L e m i e u x  u n d  M itarb . [3] k o n n te n  in  d iesem  F a ll n ic h t v e rw en d e t w erden . 
Ä h n lich e  Schw ierigkeiten  h a t te  auch A r n d t  [4] bei d er U n te rsu ch u n g  von

C H = N - N H
I

CH — OAc 
I

C H — OAc
I

C H — OAc 
I

C H — OAc 
I

R

NO-

R

CH— О

A c O -C H  C H - 
\  /  
CH— CH 
I I 

OAc OAc

N H — NH

II

---NO;

N O ;

R =  H,  C H j O A c  R =  H,  C H 2OAc

G lu co p y ran o se -D eriv a ten . I n  unserem  F a ll w urde  die L age d ad u rch  noch 
k o m p liz ie rte r, daß  in  d en  O -A cety l-H y d razo n en  von  P y ra n o se -S tru k tu r  beide 
A n o m ere  und  auch diese in  m ehreren  K o n fo rm atio n en  anw esend  sein können .

Untersuchung der offenkettigen 0-Acetyl-m onose-2,4-dinitro-phenylhydrazone(I)

O ffenkettige  O -A cety l-m onose-pheny lhydrazone  w u rd en  m it N M R- 
S p ek tro sk o p ie  b isher n u r  v o n  W o l f r o m  u n d  M ita rb . u n te rs u c h t [ 5 ] .  F ü r unsere  
A rb e it erw iesen sich die A n g ab en  von Cu r t i n  u n d  M ita rb . ü b e r  die 2 ,4-D in itro- 
p h en y lh y d razo n e  v o n  A ld eh y d en  u n d  K e to n e n  [6] als b esonders w ertvo ll, m it 
d en e n  die von  uns b e s tim m te n  chem ische V ersch iebungen  d er P ro to n en  von  
C - l ,  N H  u n d  dem  a ro m a tisc h e n  R ing (T ab . I) ü b e re in stim m en .

D as Signal des e in z ig en  N H -P ro to n s  ersch ien  infolge d er m it d er N 0 2- 
G ru p p e  gebildeten  W asse rs to ffb rü ck e  u n d  d er N ähe d er C =  N  G ruppe bei sehr 
k le in e r  F e ld s tä rk e  (A b b . 1). N eben den S ignalen  der P ro to n e n  des a ro m a ti
sch en  R inges b e fin d e t sich  bei 6 =  7,50 p p m  das S ignal des P ro to n s von  C -l. 
D ieses P ro to n  ist n u r  m it dem  P ro to n  v o n  C-2 gek o p p elt, d em en tsp rechend  
ze ig t dieses S ignal eine D u b le tt-A u fsp a ltu n g  von einer K o p p lu n g sk o n stan te  
4 — 6 cps. Aus den  S igna len  d er P ro to n en  d er a lip h a tisch en  K e tte  k o n n ten  bei 
d en  H exose-D erivaten  d ie  P ro to n en  von C-5 u n d  C-6, be i dem  X yloserD eriva t 
d ie  v o n  C-4 und  C-5 id e n tif iz ie rt w erden , w elche bezüglich  der C H 2-G ruppe 
e in  A B X -S ystem  b ild en . B ei größerer F e ld s tä rk e  erscheinen  die Signale der 
e in  A B -System  b ild en d en  P ro to n en  der C H 2-G ruppe (8 L in ien). Die P ro to n en  
v o n  C-5 (H exose) bzw . C-4 (P entose), w elche den  X -A n te il des System s b ild en ,
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Tabelle I

Chemische Verschiebung der Protonen der offenkettigen 0-A cetyl-m onose-2 ,4-din itro-phenyl-
hydrazone (ö , p p m )

Die Stelle der Protonen Xylose-Der. Glucose-Der. Mannose-Der.

N H 11,23 11,28 11,21

A ro m atisch er Ring 9,18 9,18 9,17
8,46 8,46 8,45
7,95 7,99 8,02

C - l 7,54 7,60 7,51

C—2, C—3 5,70 5,70 5,65

C - 4 5,57 5,54 5,65

C - 5 4,30 5,20 5,24

C— 6 4,27 4,24

A cety lg ruppeu 2,15 2,15 2,10
2,10 2,03 2,05
2,05

zeigen a n s ta t t  des e rw a rte ten  S e x te tts  eine größere A u fsp a ltu n g , da diese n ic h t  
n u r  m it den  P ro to n e n  von  C-6 bzw . C-5, sondern  au ch  m it dem  P ro to n  v o n  C-4 
bzw . C-3 g ek o p p e lt s ind . Ü berd ies erscheinen im  B ere ich  d e r Signale v o n  P r o 
to n e n  des X -A n te ile s  noch  die der P ro to n en  von  C-2 u n d  C-3 in  der P e n to se  
bzw . von  C-2, C-3 u n d  C-4 in  einer H exose. Z ah len m äß ig  k o n n te  also n u r  d er 
A B -A nteil des A B X -S p ek tru m s ausgew erte t w erden . D ie R esu lta te  w u rd e n  
in der T ab . I I  zu sam m en g efaß t.

6 12 10 8 6 4 2 0

A bb 1. N M R  S p ek tru m  des 0 -T etraace ty l-D -x y lo se-2 ,4 -d in itro -p h en y lh y d razo n s

8 Acta Chim. Acad. Sei. Hung. 57, 1968



114 RUFF et al.: PROTONENRESONANZSPEKTROSKOPISCHE UNTERSUCHUNGEN

Tabelle I I

Jab vo «5 AB Jax—Jbx

O -Tetraacetyl-D -xylose-H * 12 eps 20,8 eps 2,3 eps

O -Pentaacetyl-D -glucose-H 12 eps 10,5 eps 2,3 eps

O -Pentaacety l-D -m annose-H 12 eps 8,0 eps 3,6 eps

* H  =  2 ,4 -d in itro -p h en y Ih y d razo n

Untersuchung der 0 - A cetyl-m onose-2 ,4 -dinit ro-phenylhydrazone von 
Pyranose-Struktur (II)

U nsere R esu lta te  d er N M R -S p ek tren  v o n  den e n tsp rech en d en  D-Glucose-, 
D -M annose- u n d  D -X ylose-D erivaten  w u rd e n  in  T ab. I I I  zu sam m en g efaß t. 
D as  S ignal des P ro to n s  d e r neb en  dem  a ro m atisch en  R ing  befin d lich en  N H - 
G ru p p e  erschien bei g rö ß erer F e ld s tä rk e  als bei den V erb in d u n g en  von  offen
k e t t ig e r  S tru k tu r , da in  den  P y ra n o se -D e riv a ten  auch das a n d e re  S ticksto ff
a to m  ein P ro to n  b es itz t. E rw a rtu n g sg e m ä ß  zeig te sich kein  an  ein  K oh lensto ff
a to m  einer D oppelb in d u n g  angeschlossenes P ro to n . A us d e r in teg ra len  
I n te n s i tä t  der Signale d er P ro to n e n  des M onose-A ntciles sch ien  es, als w ären  
im  M onose-A nteil des D-Glucose- u n d  D -M annose-D erivates 8, des D-Xylose- 
D e riv a te s  aber 7 P ro to n e n  anw esend . D a  a b e r  in  den en tsp rech en d en  Monose- 
A n te ile n  n u r  7 bzw . 6 P ro to n e n  zu f in d e n  s in d , e rg ib t sich, d aß  das P ro to n  von

Tabelle  I I I

D ie  chemische Verschiebung der Protonen der 0-A cetyl-aldopyranose-2,4-dinitro-phenylhy-
drazone ( <5, p p m )

Die Stelle Лег Protonen Xyloee-Der. Glucose-Der. Mannose-Der.

N H  neben  dem  arom atischen  R ing 9,72 9,75 9,72

A ro m atisch er R ing 9,14 9,13 9,14
8,36 8,35 8,37
7,59 7,60 7,76

N H  neben  dem  M onose-A nteil u n d  Monose-

A n te il 5,79—3,04 5,57 — 3,87 5,74—3,80

A cety lg ru p p en 2,17 2,17 2,25
2,03 2,12 2,13

2,03 2,10
2,07
2,00
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d e r zu  C -l b e n a c h b a rten  N H -G ru p p e  auch  in diesem  B ereich  erschein t. D ie 
S ignale  k o n n ten  den  einzelnen P ro to n e n  n ich t zugeordnet w erden , da dieses 
S ignal-S ystem  zu kom pliziert is t (A bb. 2). M öglicherweise sind  beide A nom ere 
u n d  auch  diese in  m ehreren  K o n fo rm a tio n en  anw esend.

A bb. 2 N M R S p ek tru m  des 0 -T riace ty l-D -x y lo se -2 ,4 -d in itro -p h en y lh y d razo n s .

O -Acetyl-D-gluconsäure-, D-mannonsäure- und D -xylonsäure-<l,5>-lacton- 
-2,4-dinitro-phenylhydrazon (III, IV, V, VI)

Im  S p ek tru m  dieser V erb in d u n g en  zeig t das Signal des P ro to n s  d er dem  
a ro m a tisch en  R ing  b e n a c h b a rten  N H -G ru p p e  ähnliche chem ische V ersch ie
b u n g  w ie bei den  o ffenkettigen  V erb in d u n g en  (I) (A bb. 3, T ab . IV ). N eben  
den  S ignalen  der P ro to n en  des a ro m a tisch en  A nteiles e rsch e in t ke in  S ignal von  
e in er CH G ruppe, d . h . a u f  C -l b e fin d e t sich  kein  P ro to n ; d er H y d raz in -A n te il

8* Acta Chim. Acad. Sei. Hung. 57, 1968



is t also m it einer C =  N  D oppelb in d u n g  a n  den  M onose-A nteil gebunden. Im  
X y lo se -D eriv a t e n th ä lt  d e r  K o h le n h y d ra t-R e s t 5, im  G lucose- u n d  M annose- 
D e r iv a t ab er 6 P ro to n e n . D ie in teg ra le  I n te n s i tä t  d er A bsorp tionssignale  d er 
A ce ty lg ru p p en  s tim m en  m it den du rch  M ik roanalyse  e rh a lten en  bzw. b e re c h 
n e te n  A cety lzah len  ü b e re in .

A u f G rund d ieser F es ts te llu n g en  e rgeben  sich fü r  die be tre ffenden  V erb in 
d u n g en  S tru k tu re n  w ie a u f  Seite 115 d a rg este llt.

A us diesen S tru k tu re n  k an n  auch  teilw eise die A u fsp a ltu n g  der S ignale 
d er P ro to n e n  des M onose-A nteiles e rk lä r t  w erden . Im  S p ek tru m  des X ylose- 
D e riv a te s  (III) e rsch e in t z. B . das S ignal des P ro to n s  v o n  C-2 als ein D u b le tt

Tabelle IV

Die chemische Verschiebung der Protonen der 0-Acetyl-aldonsäurelacton-2.4-dinitro-phenyl-
hydrazone (<5, p p m )
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Die Stelle der Protonen Xvlose-Der. Glucose-Der. Mannose-Der.

N H 11,33 11,47 11,52

A ro m a tisch er R in g 9,15 9,18 9,23
8,38 8,43 8,45
7,84 7,90 7,94

C - 2 5,77 5,67 6,14

C 3, C—4 5,25 5,30 5,48

C—5 4,57 4,84 4,65

C- 6 4,47 4,51

A c e ty lg ru p p en 2,23 2,22 2,63
2.13 2,14 2,22

2,10 2,17
2,11

Abb. 3 NM R S p e k tru m  des 0 -T riace ty l-D -x y lo n säu re -(l,5 )lac to n -2 ,4 -d in itro -
p h en y lh y d razo n s
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m it 6 cps K o p p lu n g sk o n stan te , in  Ü b ere in stim m u n g  m it der L age, d aß  C-3 
n u r  ein P ro to n  b e s itz t, w obei die G röße der K o p p lu n g sk o n stan te  die axiale- 
ax iale S tellung  d ieser P ro to n e n  bew eist. Bei g rö ß erer A uflösung (A bb. 3) 
erscheinen  zw ischen den S ignalen  des D u b le tte s  in  e iner E n tfe rn u n g  v o n  2 cps 
zwei Signale von  k le in e r In te n s i tä t ,  w elche der A nw esenheit der K o n fo rm atio n  
IV zugeschrieben  w erden  k ö n n en , wo die P ro to n en  v o n  C-2 u n d  C-3 ax ia le -äq u a- 
to ria le  S tellung  aufnehm en . D ie Z u o rd n u n g  der S ignale der P ro to n en  v o n  C-3 
u n d  C-4 w ar noch  n ic h t d u rc h fü h rb a r . D ie C H 2-G ruppe  erschein t als A B -A nteil 
eines A B X -S y stem s (J AB =  12 cps, v0 dAB =  11,2 cps, J AX — J BX =  4 ,4  cps).

D ie A nalyse  d er N M R -S p ek tren  des en tsp rech en d en  D-Glucose- und  
D-M annose D eriv a te s  (V bzw . VI) fü h r te  zu ähn lichen  E rgebn issen  (T ab . IV).

D ie B ildung der L acton -hydrazone I I I —VI

In  un serer vo rigen  M itte ilu n g  ü b e r  die B ildung  d ieser V erb in d u n g en  w urde 
beschrieben , d aß  sich aus den  0 -A ce ty l-p y ran o se-2 ,4 -d in itro -p h en y lh y d razo - 
nen  m it E ss ig säu rean h y d rid  bei 8 0 — 100° diese V erb in d u n g en  b ilden , w enn 
zum  E ssig säu rean h y d rid  ein w enig  Chinolin  (oder P y rid in )  zugegeben w urde, 
w obei als H a u p tp ro d u k t das o ffen k e ttig e  0 -A ce ty l-m onose-2 ,4 -d in itro -pheny l- 
h y d razo n  e rh a lte n  w urde  [2]. A us d en  N M R -spek troskop ischen  U n te rsu c h u n 
gen fo lg t, d aß  diese L a c to n -h y d razo n e  sich aus den H y d razo n en  m it P y ran o se- 
S tru k tu r  du rch  A b sp a ltu n g  von  1 Mol W assersto ff b ild en . Diese U m w and lung  
k a n n  ev en tu e ll dem  E in flu ß  d e r a ro m atisch en  N itro -G ru p p e  zugeschrieben  
w 'erden. Die S tru k tu r  d ieser L ac to n -h y d razo n e  s te h t im  E in k lan g  m it d e r B eob
a ch tu n g , d aß  d iese sich aus d en  o ffen k e ttig en  O -A cety l-m onose-hydrazonen  
n ich t b ilden .

In  K e n n tn is  d er obigen T a tsa c h e n  k o n n ten  die b e tre ffen d en  L acton - 
h y d razo n e  auch  d u rc h  O x y d a tio n  e rh a lte n  w erden . D ie O x y d a tio n  w u rd e  in  
E ssigsäure m it 0,1 n  K M n 0 4, in  A nw esenheit v o n  w äßriger Schw efelsäure 
d u rch g e fü h rt. Als B eispiel w ird  die O x y d a tio n  von  O -T etraacety l-D -m annose- 
2 ,4 -d in itro -p h en y lh y d razo n  b esch rieb en , weil sich in  d iesem  F a ll die b e s ten  
R e su lta te  e rgaben .

B eschre ibung  der V ersuche

O xydation  von 0 -T etraace ty l-D -m an n o se -2 ,4 -d in itro -p h en y lh y d razo n

0,523 g 0 -T e traace ty I-D -m an n o se-2 ,4 -d in itro -p h en y lh y d razo n  w urden  bei Z im m ertem 
p e ra tu r  in  12 m l E isessig  gelöst, die L ö su n g  w urde m it 2 m l 10% iger Schw efelsäure u n d  d a 
n a ch  in 0,5— 1 ,0 -m l-P ortionen  m it 21 m l 0,1 n  K M n 0 4 v e rse tz t. E s k o n n te  ke in  E n d p u n k t 
b e o b ac h te t w erden . D ie L ösung w u rd e  m it  100 m l W asser v e rd ü n n t u n d  de r en ts ta n d en e  
N iedersch lag  m it Ä th y la c e ta t  e x tra h ie r t .  R ü c k s ta n d  der m it N a H C 0 3 n e u tra lis ie rte n  Ä th y l
ace ta t-L ö su n g : 0,502 g; aus 37 m l M eth an o l um k ris ta llis ie rt: 0,360 g, F p .: 176— 177°, [a]b° =  
=  —111,5° (CHC13, c =  0,879).
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D as P ro d u k te in es  a n d e re n  V ersuches: F p .: 176— 177°, [<x]d° =  —107,9°(CHC13, c =  0,816). 
F p . des bei d e r A cety lierung  a ls N eb en p ro d u k t e rh a lte n e n  P ro d u k te s : 178° [2]. D ie au f ver- 

s ch ied en em  W eg d a rg este llten  S u b s tan zen  gaben  ke ine  S ch m elzpunk tdepression .

C20H 22N 40 13 (526,428). В ег. C 4 5 ,6 3 % ; H  4 ,2 1 % ; N  10 ,64% . Gef. C 45 ,6 1 % , 4 5 ,7 4 % ; H  4 ,13% , 
4 ,1 5 % ; N  10,61% , 10 ,68% .

In  unserer M itte ilung  [2] w u rd e  fü r  dieses M an n o se-D eriv a t irrtü m lich erw eise  das spez. 
D rehungsverm ögen  des R o h p ro d u k te s  (— 94,8°) angegeben . D u rch  U m k rista llis ie ren  erhöh te  
sich  d e r  Schm elzpunkt n ic h t , dag eg en  ergab  sich fo lgendes spez. D rehungsverm ögen : [a] p  =  
— 111,2° (CHCI3, c =  0,0836).

A u f ähnliche W eise w u rd e n  a u ch  d ie en tsp rech en d e  D -G lucopyranose- u n d  D -X ylo- 
p y ran o se -D eriv a te  o x y d ie rt. A u s 0,520 g 0 -T etraace ty l-D -g lu co p y ran o se-2 ,4 -d in itro -p h en y l- 
h y d ra z o n  w urden 0,087 g (F p .:  192— 194°; F p . des N eb en p ro d u k te s  d e r A cety lierung  [2] 
197°) u n d  aus 0,458 g 0 -T ria ce ty l-D -x y lo p y ran o se -2 ,4 -d in itro -p h en y lh y d razo n  w urden  0,185 g 
(F p .:  192— 194°; Fp. des N e b en p ro d u k te s  de r A cety lie ru n g  [2] 194— 195°) e inm al u m k ris ta lli
s ie rte s  en tsprechendes L a c to n -h y d ra z o n  e rhalten .

D ie  Spektren  w u rd e n  a u f  e inem  Varian  A-Ó0-A -In s tru m e n t in  D eu teroch lo ro fo rm  bei 
Z im m ertem p e ra tu r au fg en o m m en . Als in n ere r S ta n d a rd  d ien te  T e tram e th y ls ilan  (TMS).

*

W ir danken au ch  a n  d ieser Stelle  H e rrn  P rof. F . W e s s e l y , d aß  er e inem  von uns (F . 
R u f f ) die  D urchführung  d e r  N M R -spek troskop ischen  U n te rsu ch u n g en  erm ög lich te.

F ra u  M. Balogh  d a n k e n  w ir fü r  die M ikroanalysen  u n d  F ra u  M. В анта  fü r  die w e rt
vo lle  H ilfe.

Z U SA M M E N FA SSU N G

E s w urde d u rch  p ro to n en re so n an zsp ek tro sk o p isch e  U n te rsu ch u n g en  festgeste llt, d aß  
sich  au s O -A cety l-D -g lucopyranose-, -D -m an n o p y ran o se - u n d  -D -xy lopyranose-2 ,4 -d in itro - 
p h e n y lh y d ra zo n  du rch  r in g sp a lte n d e  A cety lierung , in  A nw esenheit v o n  w enig Chinolin (oder 
P y r id in ) , als N e b en p ro d u k t d a s  en tsp rech en d e  0 -A cety l-aldonsäure-< l,5 )> -lacton-2 ,4-d in itro - 
p h en y lh y d ra zo n  b ildete. D iese  L ac to n h y d razo n e  w u rd en  au ch  d u rch  O x y d a tio n  m it K M nO , 
au s  d en  gleichen A u sg an g sv erb in d u n g en  e rhalten .
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REARRANGEMENTS OF STEROIDS, V
SC H M ID T  R E A C T IO N  A N D  B E C K M A N N  R E A R R A N G E M E N T  O F  E S T R O N E  

A N D  O F  IT S  D E R IV A T IV E S

( P R E L I M I N A R Y  C O M M U N IC A T IO N )

B. M a t k o v i c s , G . G o n d o s  and  B. T a r ó d i  

(In stitu te  o f  Organic C hem istry, A .  Jó zse f U niversity  Szeged)

R eceived  J u ly  21, 1967

S u b seq u en t to  th e  in v es tig a tio n s  o f R egan  and  H a y e s  [1], we s tu d ied  
th e  chem ical p roperties of th e  17-aza-17a-oxo-D -hom ostero ids an d  17a-aza- 
17-oxo-D -hom ostero ids w hich can  be  p re p a re d  from  estrone  an d  its  d e riv a tiv es . 
T h e  th in - la y e r  ch rom atog raph ic  p ro p e rtie s  of these com pounds h av e  a lread y  
b een  sum m arized  [2].

I n  th is  com m unication , we a re  dealing  w ith  th e  S ch m id t reac tio n  and  
w ith  th e  B eckm ann  rea rran g em en t o f e s tro n e  (i.e. of 3 -h y d ro x y estra -l,3 ,5 -(1 0 )-
trien e-1 7 -o n e) and  o f its  deriv a tiv es .

R*

í :  R , =  H ; R„ =  0 
I I :  R , =  H ; R,“ =  N .O H  

I I I :  R j =  C H 3 ; R ,  =  0 
IV : R t =  C H 3 ; R 2 =  N .O H  

V: R ,

VI: R , =  } - < ] ( C 6H 9)

V II: R t =  CO • C H 3; R 2 =  0 
V III: R , =  CO • C H 3; R 2 =  N .O H

I X - X I I

IX  : R  =  H ; X I : R  =
X : R  =  C H 3 ; X II : R  =  COCH3 
(estrone)
(estro n e-1 7-oxim e)
(estro n e-3 -m eth y le th er) 
(estrone-3 -m eth y le th er- 17-oxim e) 
(cyclopen ty l rad ica l); R 2 =  0 (estrone-3- 
-cyclopenty lether)
R 2 =  N .O H  (estrone-3 -cyclopen ty le ther-17 - 
-oxim e)
(estro n e-3 -ace ta te)
(e stro n  e-3-acetate-17-oxim e)

O u r inv estig a tio n s, in  p a r t ,  m ay  b e  sum m erized  b y  th e  c h a r t o f fo rm ulas 
g iven  below .

T h e  S ch m id t reac tio n  w as ca rried  o u t  w ith  th e  k e to n es  I, III, V a n d  VII, 
w hile  th e  B eck m an n  rea rra n g em e n t w as effected  w ith  th e  ox im es II, IV, VI an d  
VIII, in  th e  presence o f p -ace tam id o b en zen esu lp h o n y l ch lo ride , in p y rid in e  or 
th io n y l ch loride [3]. T he lac tam s o b ta in e d  as p roducts in  b o th  th ese  reac tio n s
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w ere com pared, a n d  th e i r  s tru c tu re s  w ere p ro v ed  b y  red u c in g  th em  to  know n  
D -hom o-aza-stero ids. I n  th e  B eckm ann  re a rra n g em e n t o f II an d  VIII, sm all 
a m o u n ts  of th e  seco -n itriles  XIII an d  XIV w ere also o b ta in e d . The S ch m id t

CN
I

/

X I I I - X I V

X III: R  =  H ; XIV: R  =  CO • C H 3

reac tio n  of th e  k e to n e s  w as carried  ou t b y  severa l m e th o d s. T he best ro u te  
p ro v e d  to  be th e  re a c tio n  w ith  a benzene so lu tio n  of t i t r a te d  hydrazoic acid , 
a t  room  te m p e ra tu re , in  th e  presence o f co n c e n tra ted  su lphuric  acid [4]. 
In te re s tin g ly , in  th e  case  o f  estrone an d  its  d e riv a tiv es , th e  Schm id t reac tion  
g av e  th e  same D -h o m o la c ta m s , as m ain  p ro d u c ts , w hich  w ere ob tained  in  th e  
B eckm ann  re a rra n g e m e n ts . T his is in  c o n tra s t to  ou r experiences m ade w ith  
o th e r  com pounds, e.g. w ith  6 -k e to an d ro s tan e -3  ß, 17 /S-diol-diacetate [5]. 
H ow ever, an o th e r la c ta m  was form ed as a b y -p ro d u c t in  m inu te  am o u n ts . 
(T he s truc tu res o f th e s e  la c ta m s  w ill be d iscussed  la te r.)

The s tru c tu re s  o f  th e  u n sa tu ra te d  seco-n itriles XIII an d  XIV were p roved  
b y  converting  th e m , b y  a lka line  hyd ro lysis , in to  th e  correspond ing  secocarbo- 
xy lic  acids [3]. In  a d d itio n , th e  u n sa tu ra te d  n itr ile  s tru c tu re  w as unequ ivocally  
p roved  by  th e  in f ra re d  sp ec tra  of th e  seco-n itriles XIII an d  XIV.

T he 17a-aza-17-oxo-D -hom ostero ids w ere co n v erted  w ith  lith ium  a lu 
m in iu m  h y d rid e  in to  th e  corresponding  1 7a-aza-D -hom ostero id  (XVI) w hich  
w as, in tu r n  t r e a te d  w ith  acetic  an h y d rid e  to  o b ta in  th e  N -acety l-D -hom oste- 
ro id  (XVII). In  each  case, th e  sam e 1 7 a-aza-D -hom oestra-l,3 ,5 -(10 )-triene-3 - 
a c e ta te  N -acety l d e r iv a tiv e  was iso la ted  as th e  end  p ro d u c t.

IX

HO

Ac
I

,N \

Ac О
XVI

у  . .. 
I II I 

/ Л / Ч /
XVII
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O n th e  basis o f th e  reac tio n  w ith  co n cen tra ted  su lp h u ric  acid, th e  D -hom o- 
la c ta m , fo rm ed  in  th e  B eckm ann  rea rran g em en t an d  iso la ted  in  a d d itio n  to  
th e  D -hom olac tam s fo rm ed  as th e  m a in  p roduc ts o f th e  S chm id t re a c tio n  of 
I ,  I I I ,  V and  V II, has p re su m ab ly  th e  following s tru c tu re :

I ,  I I I ,  V, V I I ------

О

Discussion of the experimental results

In  th e  case o f  es tro n e , as m en tio n ed  above, th e  S ch m id t re a rra n g em e n t 
g ives 1 7 a-aza-D -hom oestra-l,3 ,5 -(10 )-triene-3 -o l-17 -one (IX ) as th e  m ain  
p ro d u c t, w hich can  be iso la ted  in  th e  B eckm ann  rea rra n g em e n t. H ow ever, 
sm a ll am o u n ts  o f a n o th e r  D -h o m o lac tam  (XVIII) a re  fo rm ed . In  th e  case of 
co m p o u n d  I I ,  ou r a t te m p ts  to  iso la te  th e  stereoisom eric oxim es failed. R e g a n  
et al. are  p ro b a b ly  r ig h t in  assum ing  th a t  com pound I I  m e lting  over a b ro a d  
ra n g e  con ta in s, in s te a d  o f th e  isom eric p a ir  o f k e tox im es, th e  ketox im e m ixed  
w ith  som e o f its  h y d ra te d  form s, or t h a t  th is  is a case o f po lym orph ism  d e p e n d 
in g  on th e  crysta lliz ing  so lven t. In  th e  case of th e  17-oxim es of I I I , IV , V I an d  
V III , we succeeded in  iso la ting  th e  stereoisom eric m od ifica tions b y  m ean s of 
o u r  u su a l te ch n iq u e  o f co lum n an d  th in - la y e r  ch ro m a to g rap h y .

As regards th e  B eckm ann  re a rra n g em e n t of I I ,  w e iso la ted , in  a d d itio n  
to  IX , th e  u n sa tu ra te d  seco-nitrile  X III . This po in ts to  th e  fac t th a t  a B eck 
m a n n  rea rran g em en t “ o f second o rd e r”  ta k e s  place in  th e  case of I I  as w ell 
[3, 6 ]. T he sam e phenom enon  w as also observed  in th e  B eckm ann  re a rra n g e 
m e n t of V III w here, in  a d d itio n  to  X II, X III  and  XIV could  be  iso lated . I n te r e s t 
in g ly , in  th e  case o f th e  17-oxim es o f th e  a lk y l e thers (IV , V I), th e  fo rm a tio n  of 
n itr ile s  could n o t be d e tec ted . T he S ch m id t reaction  o f I I I  an d  V gave th e  17a- 
aza-17-O xo-D -hom oestra-l,3 ,5 -(10)-triene-3 -y l e thers X a n d  X I as m ain  p ro d 
u c ts , besides som e u n ch an g ed  in itia l sub stan ce . O f th e se  p ro d u c ts , th e  s t ru c 
tu re  o f X is a lread y  know n [1], w hile th e  s tru c tu re  of X I could  be red u ced , b y  
a p p ly in g  a m ild hydro lysis , to  th a t  o f  IX .

T he o th e r g roup  (X V III to  X X I) o f th e  D -h om olac tam s, w hich can  be 
f re q u e n tly  d e tec ted  on ly  in  m in u te  am o u n ts , loses CO in  h o t co n cen tra ted  
su lp h u ric  acid. T h u s, th ese  com pounds p resu m ab ly  are  h y d ro ly zed  to  p ro d u c ts  
w h ich  con ta in  a te r t ia ry  carboxy l g roup .
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SUM M ARY

I n  o rder to  p re p a re  D -h o m o lac tam s, v a rio u s e th e rs  and  th e  a c e ta te  o f  estrone (I, 1П, 
V, VII) w ere su b jected  to  S c h m id t reac tion . A sim ila r tech n iq u e  w as fo llow ed in th e  case of 
th e  o x im es of th e  m en tio n ed  17-ketones (П, IV ,VI a n d  VIII), w ith  th e  d ifference th a t  th e  
D -h o m o lac tam s w ere p re p a re d  h e re  b y  B eckm ann  re a rra n g em en t. B o th  rea rran g em en ts  gave, 
as m a in  p ro ducts , th e  sam e  17a-aza-17-oxo-D -hom oestra-l,3 ,5 -(10 )-triene-3 -o l or i ts  p a r tly  
k n o w n , p a r tly  novel d e r iv a tiv e s . I n  th e  case of II a n d  VIII, th e  B eck m an n  re a rran g em en t o f 
“ f i r s t  o rd e r”  was follow ed b y  a “ second o rder”  re ac tio n , as proved  b y  th e  iso la tion  of th e  u n 
s a tu ra te d  seco-nitriles XIII a n d  XIV, an d  o f th e  u n s a tu ra te d  seco-carboxylic  acid  XV derived 
fro m  th is  p ro d u c t. T h e  fo rm a tio n  of 17 -aza-17a-oxo-D -hom oestra-l,3 ,5 -(10)-triene-3-o l an d  
o f  i ts  d e riv a tiv es p o in ts  to  d ifferences in th e  co n d itions o f th e  Schm idt re a c tio n  an d  in s tab ili
z a tio n  of th e  in te rm ed ia ry  p ro d u c ts  [7].
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EINE EINFACHE MIKROMETHODE ZUR BESTIMMUNG 
DER TÉRT. BUTYLOXYCARBONYL-SCHUTZGRUPPE 

VERSCHIEDENER AMINOSÄUREN UND IHRER D E R I
VATE

S .  K u t a s s y , J .  K a j t á r  und H .  M e d z i h r a d s z k y - S c h w e i g e r

(Organisch-Chemisches In s titu t der L . Eötvös U niversität, Budapest)

E ingegangen  am  7. S ep tem b er 1967

E in e  d er w ich tig sten  A m in o sch u tzg ru p p en , die in  die P ep tid ch em ie  
E in g an g  gefunden  h ab en , is t die tert. B u ty lo x y c a rb o n y lg ru p p e  (B O C -G ruppe). 
Im  L aufe  v o n  P ep tid sy n th e se n  is t die g enügende  R e in h e it der Z w ischenpro 
d u k te , z. B . d er B O C -D erivate  d e r A m in o säu ren  oder P e p tid e  bzw . ih re r  
E s te r  eine w esen tliche F o rd eru n g . E s is t  v o r allem  angezeig t sich zu v e rg e 
w issern , ob die B lock ierung  der A m in o g ru p p e  a u f  q u a n tita tiv e  A rt e rfo lg t is t. 
D a rü b e r  g ib t die üb liche  E lem en ta ran a ly se  n ic h t im m er genügenden  A u f
sch luß , d a  zw ischen d e r e lem en taren  Z u sam m en se tzu n g  der Z w isch en p ro d u k te  
m it fre ie r u n d  b lo ck ie rte r A m inogruppe o ft n u r  ein geringer U n te rsch ied  b e 
s te h t. D ie M öglichkeit einer u n m itte lb a re n  B estim m u n g  der B O C -G ruppe 
g ew äh rt so m it eine v erläß lichere  R e in h e itsp rü fu n g  d e r B O C -D erivate  als ih re  
E le m e n ta ran a ly se .

Z u r B estim m u n g  d er B O C -G ruppe lä ß t  sich ih re  S p a ltb a rk e it d u rc h  
S äu ren  [1] v e rw erten , die fo lgend v e r lä u f t:

О
II

(C H 3)3C—O - C —H N C H C O O H + H X  — У (C H 3)2C =  C H „ + X H 3N C H C 0 0 H + C 0 2
I I

R  R

D ab ei w ird  Iso b u ty le n  n ich t q u a n t i ta t iv  g eb ild e t, d a  z. B . in  sa lzsau rem  M e
dium  (X  =  C1) auch  die E n ts te h u n g  v o n  tert. B u ty lch lo rid  (se lb stred en d  a u f  
K o s ten  des Iso b u ty len s) n achw eisbar is t [2]. H ingegen  w ird  K o h len d io x y d  
q u a n t i ta t iv  fre ig ese tz t u n d  k a n n  so m it als M aß d er B O C -G ruppe d ien en , 
u m so m eh r, als zu r B estim m u n g  des K o h len d io x y d s  m ehrere  v erläß liche  M eth o 
den  e n tw ick e lt w orden  sind.

Im  L au fe  von  P ep tid sy n th esen  w ird  zu r A b sp a ltu n g  der B O C -G ruppe, 
d. h . zu r R egenerie rung  der A m in o g ru p p e  zum eist T rifluo ressig säu re  
( X = C F 3COO) oder S alzsäure (X = C 1 ) an g e w a n d t. D ie R eak tio n  v e r lä u f t  
schon be i R a u m te m p e ra tu r  u n d  is t in  d er R egel in  einigen M inu ten  b e e n d e t. 
D ie im  U b ersch u ß  angew and te  T rifluo ressig säu re  d ien t zugleich als L ösu n g s
m itte l, w äh ren d  bei A nw endung  von  S a lzsäu re  B enzol, D iä th y lp h o sp h it o d e r 
Ä th y la c e ta t  als L ö su ngsm itte l g eb rau ch t w erd en  k a n n  [3].
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B ei p rä p a ra tiv e n  A rbeiten  is t die le ich te  E n tfe rn b a rk e it d u rch  D estilla 
tio n  d e r an g ew an d ten  S äu re  erw ünsch t, h ing eg en  lä ß t  sich die genaue B es tim 
m ung  des fre i gew ordenen  K oh lend ioxyds n u r  d an n  a u f  einfache A rt d u rc h 
fü h ren , w enn  zur S p a ltu n g  der B O C -G ruppe eine schw erflüchtige S äu re  h e ra n 
gezogen w ird . Salzsäure  u n d  T rifluo ressig säu re  k am en  deshalb  n ic h t in  F rag e , 
gu t b e w ä h r t  h a t  sich a b e r Schw efelsäure. U m  die L öslichkeit der B O C -D eriva te  
zu  s ich e rn , w urde  ein Schw efelsäure-A lkoho l-W asser G em isch ( 2 : 1 : 1  R a u m 
teile) an g ew an d t.

A ls R eak tio n sg efäß  k o n n te  das z u r B estim m u n g  der A m inosäure- u n d  
P e p tid h y d ra z id e  d ienende G erä t [4] v e rw e n d e t w erden ; das en tw icke lte  K o h 
len d io x y d  w urde einerse its g rav im etrisch , an d ere rse its  m aß an a ly tisch  b e s tim m t. 
Im  e rs te n  F a ll w urde  ein m it N a tro n a sb e s t gefü lltes A b so rp tio n srö h rch en  nach  
P k e g l  [5], im  zw eiten  F a ll — wie bei d e r B estim m u n g  der C arbobenzy loxy- 
g ru p p e  [6] —• eine alkoholische C yclohexy lam in lösung  zum  A bfangen  des 
K o h len d io x y d s an g ew an d t. W ie b e k a n n t, b ild e t das K oh lend ioxyd  in  a lk o h o 
lisch er L ösung  m it C yclohexylam in das C yclohexy lam m onium salz  d er N -Cyclo- 
liex y lca rb am in säu re  (C gH ^H N C O O H gN C gH jj), dessen M enge m it H ilfe 
e iner 0,02 N  N a triu m m eth y la tlö su n g , u n te r  A nw endung  von  T h y m o lb lau  als 
In d ik a to r , m aß a n a ly tisc h  b estim m t w erd en  k a n n . V or der S p a ltu n g  des BOC- 
D e riv a ts  w ird  die L u ft aus der A p p a ra tu r  m it koh lensäu refreiem  S tic k s to ff  v e r 
d rä n g t, d e r sp ä te r  au ch  zum  H in e in sp ü len  des e n ts ta n d e n e n  K o h lend ioxyds 
in  das A bso rp tio n sg efäß  d ien t.

E n th ä l t  die S u b stan z  außer B O C -G ruppen  auch  andere  A m inoschu tz- 
g ru p p en  vom  T yp  eines U re th an s, w ie z. B . N -C arb o b en zy lo x y g ru p p en , so 
k a n n  das beschriebene V erfahren  zu r se lek tiv en  B estim m ung  d er B O C -G rup
pen  n ic h t  v erw en d et w erden , da d u rch  S chw efelsäure auch  N -C arb o b en zy lo x y 
g ru p p en  u n te r  E n tw ick lu n g  von K o h len d io x y d  ze rse tz t w erden. Z u r se lek tiven  
S p a ltu n g  der B O C -G ruppe is t die T riflu o ressig säu re  geeignet, die ab e r w egen 
ih re r  F lü c h tig k e it vom  en ts tan d en en  K o h len d io x y d  g e tren n t w erden  m ü ß te , 
w ollte  m a n  dieses bestim m en . P a t c h o r n i k  u n d  S h a l i t i n  [ 7 ]  h ab en  bei ih re r  
m aß a n a ly tisc h e n  K o h len d io x y d b estim m u n g  zum  A bfangen  der sau ren  B eg le it
stoffe des K oh lend ioxyds alkoholische P y rid in lö su n g  v e rw en d et, jed o ch  h a t  
sich dieses V erfah ren  beim  V ersuch, die B O C -G ruppe neben der N -C arboben- 
zy lo x y g ru p p e  (du rch  se lek tive  S p a ltu n g  d e r  e rs te ren  m it T rifluoressigsäure) zu 
b e s tim m e n , n ich t b e w ä h rt. H ingegen ließ  sich  die aus dem  R eak tio n sg efäß  vom  
G ass tro m  m itgerissene T rifluoressigsäure  d u rch  eine m it A ce to n -K o h len säu re  
s ta rk  g ek ü h lte  (— 7 0 ° )  F alle  le ich t ab fan g en , d . h . vom  K oh lend ioxyd  tre n n e n .

Z u S erienana lysen  ist die S p a ltu n g  m it Schw efelsäure u n d  g rav im etri-  
sche B estim m u n g  des K ohlend ioxyds am  b e s te n  geeignet. D ie S p a ltu n g  m it 
T rifluo ressig säu re  h a b e n  w ir wegen d e r U m stän d lich k e it des V erfah rens n u r  
zu r se lek tiv en  B estim m u n g  der B O C -G ruppe neb en  der N -C arbobenzy loxy- 
g ru p p e  herangezogen .
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D u rch fü h ru n g  der B estim m ung

a) Gravimetrisches Verfahren

A ls R eak tionsgefäß  k an n  das z u r B estim m u n g  der H ydrazide  k o n s tru ie r te  G e rä t (A bb. 1) 
d ienen. D as m it H enkel versehene W ägeg läschen , in  das m an  15— 20 m g der zu u n te rs u 
chen d en  S u b s ta n z  eingewogen h a t,  w ird  a n  den  P la tin h a k e n  des e ingeschliffenen G lasstopfens 
g e h än g t, d a n n  de r S topfen  in seinen Sch liff h in e in g ese tz t. An das an d ere  E n d e  des R e a k tio n s
gefäßes, das m it 2 m l Schw efelsäurelösung (Schw efelsäure  : A lkohol : W asser 2 : 1 : 1  R a u m 
teile) b e sch ick t w orden ist, w erden  n ach  e in a n d e r  zwei Preglsche A b so rp tio n srö h rch en  an g e
schlossen . D ie F ü llu n g  des e rs ten  R ö h rch en s b e s te h t  aus m it P h o sp h o rp en to x y d  im p rä g n ie r
te n  S iedeste inchen , des zw eiten aus N a tro n a sb e s t.  N u n  lä ß t  m an  zu ers t 10 M inu ten  lan g  einen 
lan g sam en  S tick sto ffs tro m  d u rch  die A p p a ra tu r  stre ich en  u n d  w ägt n a ch h e r das C 0 2-A bsorp- 
tio n srö h rch en  ab . N ach  w iederho lte r A n sch a ltu n g  dieses R öhrchens lä ß t  m an  d u rch  U m 
d reh en  des G lasstopfens das W ägegläschen  in  d ie Säurelösung fallen. N ach d em  sich die S u b 
s ta n z  au fg e lö st und  die G asen tw ick lung  a u fg eh ö rt h a t,  lä ß t m an d u rc h  den A p p a ra t noch 
w eitere  20— 25 M inuten  den S tick sto ffs tro m  s tre ich en . (Im  Falle  schw er löslicher S ub stan zen  
w ird  die S äu re  gelinde erw ärm t.) D iese Z eit g e n ü g t zum  vo lls tänd igen  H in au ssp ü len  u n d  A b 
fan g en  des en tw ickelten  K ohlendioxyds, so d aß  die G ew ichtszunahm e des A b so rp tio n srö h r
chens b e s tim m t w erden kann .

b) Massanalytisches Verfahren

Die S p a ltu n g  der B O C -G ruppe w ird  wie u n te r  a) du rch g efü h rt, n u r  v e rw en d e t m an  
a n s ta t t  des m it N a tro n asb est b esch ick ten  A bso rp tio n srö h rch en s ein R o h r, das m it einem  
1 : 3-G em isch v o n  C yclohexylam in u n d  absol. A lkohol b en etz te  G lassp ira ls tü ck ch en  e n th ä lt.  
N ach  b e en d e te r  R eak tio n  u n d  Ü b ersp ü lu n g  des K oh lendioxyds in die R eagenslösung  w ird  
diese m it d e r be im  B lindversuch  (s. u n ten )  a n g ew an d ten  Menge absol. A lkohols in e inen  K olben  
h in e in g esp ü lt u n d  nachher, in  A nw esenheit e iner 0 ,2% igen  T h y m o lb lau -In d ik a to rlö su n g , m it 
e iner n a ch  F r itz  u n d  L is ic k i [8 ] b e re ite ten  0,02 N N a triu m m eth y la tlö su n g  t i t r ie r t .  D azu  
d ie n t  am  zw eckm äß igsten  eine M ik ro b ü re tte ; das K ohlend ioxyd  de r L u ft m uß  se lb stred en d  
a u ch  w äh ren d  de r T itrie ru n g  ausgeschlossen w erden . W egen der E m p fin d lich k e it de r R eag en s
lösung  is t  es angezeig t, einen B lin d v ersu ch  d u rch zu fü h ren  u n d  dessen E rg eb n is  als K o rrek tio n  
in  B e tra c h t  zu ziehen.

c) Spaltung mit Trifluoressigsäure

M an a rb e ite t  n ach  dem  g rav im etrisch en  V erfah ren , n u r wird T rifluo ressigsäu re  a n s ta t t  
d e r  a lkoholisch-w äßrigen  Schw efelsäure g e b ra u c h t u n d  zwischen das e rs te  A b so rp tio n srö h r
c h en  u n d  das R eak tionsgefäß  eine aus d rei leeren  W aschfläschchen b esteh en d e , in ein m it 
A ce to n -K o h len säu re  gefülltes D ew ar-G efäß  g e ta u c h te  Falle zum  K ondensieren  de r m itg e 
sc h lep p ten  S äuredäm pfe  angew endet.
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Substanz* Summenformel Mol.
gew.

C0S%
ber.

C03% gefunden BOC% BOC% gefunden

gravimetrisch maßanalytisch ber. gravimetrisch maßanalytisch

BOC-Gly Cj H jjO jN 175,2 25,12 25,00; 25,09 25,04; 24,93 57,65 57,27; 57,55 57,48; 57,21

B OC-Ser-N2H 3 c 8h 170 4n 3 219,2 20,07 19,79; 19,86 20,01 ; 20,13 46,07 45,41; 45,57 46,22; 45,94

BOC-Pro c 10h , o 4n 215,2 20,45 20,74; 20,56 20,22 ; 20,56 46,93 47,60; 47,17 46,40; 47,17
BOC-Ala c 8h 150 4n 189,2 23,26 23,16; 23,06 23,13; 23,24 53,38 53,15; 52,92 53,10; 53,34
BOC-Val. DCHA c 22h 12o 4n 2 398,6 11,04 11,07; 11,25 11,02 ; 11,08 25,34 25,40; 25,81 25,28; 25,43
BOC-Gln. D C H A c 2, h 41o 5n 3 427,6 10,29 10,50; 10,43 10,24; 10,43 23,62 24,10; 23,93 23,50; 23,93
BOC-M et. DCH A c 22h 42o 4n 2s 430,6 10,22 10,08; 10,02 10,16; 10,00 23,45 23,14; 23,00 23,32; 22,96

B O C -Phe. DCHA C2(iH 420 4N 2 446,6 9,85 9,73; 9,84 9,67; 9,62 22,62 22,33; 22,58 22,20; 22,10
B O C -G lu(O B ut). DCH A ^26^48^6^2 484,7 9,08 9,20; 9,04 8,97; 9,17 20,84 21,13; 20,75 20,61; 21,06

BOC-A sp(OBut) c 13h 23o 6n 289,3 15,21 15,40; 15,32 15,04; 15,11 34,91 35,35; 35,16 34,53; 34,66
BO C-A sp(O But). DCHA c 25h 46o 6n 2 470.6 9,35 9,34; 9,23 9,41; 9,32 21,46 21,20; 21,44 21,40; 21,61
BOC-GIu(OBzl). DCH A c 29h 46o 0n 2 518,7 8,48 8,42; 8,50 8,40; 8,41 19,47 19,32; 19,52 19,30; 19,32

BOC-Ser(OBzl). DCH A c 27h 44o 5n 2 476,6 9,23 9,12; 9,23 9,09; 9,14 21,20 20,94; 21,20 20,88; 21,00

Z-Lys(BOC)-OM e c 2(1h 3(jo 6n 2 394,5 22,31 22,57; 22,66 22,29; 22,46

Z-Lys(BOC)-OMe ^20^30^0^ 2 394,5 11,15 10,95; 10,98 25,60 25,13; 25,20

* Siehe F u ß n o te  a u f  S. 127*
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Die m it H ilfe de r drei V erfahren  g ew onnenen  E rgebnisse sind  in  d e r T abelle  z u sam m en g e 
fa ß t. Als T estsu b stan zen  w u rd en  in  u n se rem  I n s t i tu t  sy n th e tis ie rte  V erb indungen  h e ran g ezo 
gen; v o n  ih re r  R e in h e it h ab en  w ir un s d u rc h  A nw endung  an d ere r A n a ly sen  überzeugen  k ö n 
nen . In  der T abelle  sind  d ie m it den V erfah ren  a) u n d  b) e rh a lten en  M eßergebnisse e in e rse its  
a u f  den  C 0 2-G ehalt, an d ere rse its  au f den  tert. B u ty lo x y ca rb o n y l-G eh a lt de r S ub stan z , in  P ro 
zen te  u m g erechnet, angegeben. Im  F alle  d e r A nalyse  vom  Z-Lys (BOC)-OM e* is t n u r  a u f  den 
C 0 2-G ehalt um gereeh n e t w orden , da das au s  de r N -C arbobenzy loxygruppe  u n d  au s d e r tert. 
B u tv lo x y ca rb o n y l-G ru p p e  stam m en d e  K o h len d io x y d  zusam m en gem essen w urde. D ie le tz te  
Zeile der Tabelle  e n th ä lt  die n ach  se lek tiv er S p a ltu n g  m it T rifluoressigsäure  b e stim m te  BOC- 
G ruppe  in C 0 2- u n d  au ch  in B O C -P rozen ten  angegeben.

H errn  P rof. V. B r u c k n e r  sei fü r  d ie  A nregung  dieser A rb e it u n d  fü r  die w ertv o llen  
R a tsch läg e  auch  an  d ieser Stelle ged an k t.

Z U SA M M E N FA SSU N G

E s w ird  eine e in fache  B estim m u n g  d e r  B O C -G ruppe b esch rieben , die d a ra u f  b e ru h t,  
d a ß  sich diese G ruppe  in a lkoholischer L ö su n g  m itte ls  Schw efelsäure u n te r  F re ise tzu n g  von  
K o h len d io x y d  sp a lten  lä ß t. D as K o h len d io x y d  k a n n  grav im etrisch  o d er m aß a n a ly tisch  b e 
s tim m t w erden.
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ACTA CHIMiCA
TOM  L V II —  ВЫГ1. 1

Р Е З Ю М Е

Изучение образования комплекса между уранилом(У1) 
и тиоприпионовой кислотой

М. Б . М И Ш Р А  и X . Л . НИГАМ

Н а  о с н о в е  п о т е н ц и о м е т р и ч е с к и х  и з м е р е н и й  б ы л о  о б н а р у ж е н о  о б р а з о в а н и е  к о м п 
л е к с а  м е ж д у  U 0 2( V I )  и  Т Р А  (г д е  Т Р А  —  т и о п р о п и о н о в а я  к и с л о т а )  с  о т н о ш е н и е м  к о м п о 
н е н т о в  м е т а л л :  д и г а н д  =  1 : 2 , со  с т у п е н ч а т ы м и  к о н с т а н т а м и  с т а б и л ь н о с т и  lo g  K i  =  3 ,7  
и  lo g  К 2 =  7 ,4  и  с о  с в о б о д н о й  э н е р г и е й  о б р а з о в а н и я ,  р а в н о й  — 5 ,1 3  к а л  ( п р и  3 0 °  С ). К о м 
п л е к с  у д а л о с ь  и з о л и р о в а т ь  в  т в е р д о м  с о с т о я н и и ,  к о т о р о е  п р е д с т а в л я е т  с о б о й  ж е л т о е  в е 
щ е с т в о  с  т е м  ж е  с о с т а в о м ,  ч т о  и  в  р а с т в о р е .  К о м п л е к с  х а  р а с т е р и з о в а л с я  с п о м о щ ь ю  И К  
и  м а г н и т н ы х  и з м е р е н и й .

Применение сульфосалицилата аммония как комплексообразователя 
в ионообменной хроматографии, II.

Константы стабильности комплексов сульфосалицилатов меди II), 
никеля(П) и кобальта(П) при 80° С

П. Г А Б О Р, Я . И Н Ц Е Д И  и Л . Э Р Д Е И

С п о м о щ ь ю  p l  1 -м е т р и ч е с к о г о  т и т р о в а н и я  о п р е д е л я л и с ь  к о н с т а н т ы  д и с с о ц и а ц и и  
с у л ь ф о с а л и ц и л о в о й  к и с л о т ы ,  а  н а  о с н о в е  э к с п е р и м е н т а л ь н ы х  д а н н ы х  п о  р а с п р е д е л е н и ю  
н а  и о н о о б м е н н и к а х  о п р е д е л я л и с ь  к о н с т а н т ы  с т а б и л ь н о с т и  к о м п л е к с о в  с у л ь ф о с а л и ц и л а 
т о в  с  м е д ь ю ( П ) ,  н и к е л е м ( Н )  и  к о б а л ь т о м ( П )  п р и  8 0 °  С  и  п р и  и о н н о й  с и л е ,  р а в н о й  0 ,5 .  
Б ы л и  п о л у ч е н ы  с л е д у ю щ и е  з н а ч е н и я :  к о н с т а н т ы  д и с с о ц и а ц и и  lo g  К х =  —  1 ,5 2  и  lo g  К 2 =  
=  — 2 ,3 0  и  lo g  К 3 =  — 1 0 ,4 7 ; к о н с т а н т ы  с т а б и л ь н о с т и  к о м п л е к с о в  с  м е д ы о ( П )  lo g  ß ,  =  
=  7 ,4 6  ±  0 ,2  и  ló g  ß 2 =  1 2 ,9  +  0 ,5 ;  к о н с т а н т ы  с т а б и л ь н о с т и  к о м п л е к с о в  с  н и к е л е м ( Н )  
lo g  ß ,  =  6 ,1 5  ±  0 ,2  и  lo g  ß 2 =  1 1 ,3  ±  0 , 5 ;  и  к о н с т а н т ы  с т а б и л ь н о с т и  к о м п л е к с о в  с  к о -  
б а л ь т о м ( П )  lo g  ß ,  =  6 ,3  ±  0 ,2  и  lo g  ß 2 =  1 1 ,1  ±  0 ,5 .

Термическая стабильность солей с анионами, содержащими кислород 
и хлор, в твёрдом состоянии IV. Кинетика и механизм термического 

разложения перхлоратов щелочных металлов
Ф. шоймоши

Р а з л о ж е н и е  п е р х л о р а т о в  л и т и я  и  н а т р и я  п р о и с х о д и т  в  р а с п л а в л е н н о й  ф а з е ,  в  т о  
в р е м я  к а к  р а з л о ж е н и е  п е р х л о р а т о в  к а л и я ,  р у б и д и я  и  ц е з и я  н а ч и н а е т с я  у ж е  в  т в е р д о й  
ф а з е  и  п р о д о л ж а е т с я  в  р а с п л а в л е н н о й  ф а з е .  П л а в л е н и е  э т и х  п е р х л о р а т о в  в  т е ч е н и е  р а з 
л о ж е н и я  п р и п и с ы в а л о с ь  о б р а з о в а н и ю  э в т е к т и к и  м е ж д у  п е р х л о р а т о м  и  п р о д у к т а м и  р е а к 
ц и и .  Р а з л о ж е н и е  п е р в ы х  д в у х  с о л е й  х о р о ш о  о п и с ы в а е т с я  у р а в н е н и е м  П р у т а — Т о м п 
к и н с а .  Р а з л о ж е н и е  ж е  д р у г и х  с о е д и н е н и й  о п и с ы в а е т с я  д в у м я  у р а в н е н и я м и  п е р в о г о  
п о р я д к а .  П е р в о е  о т н о с и т с я  к  м е д л е н н о й  т в е р д о ф а з н о й  р е а к ц и и ,  а  в т о р о е  —  к  н а м н о г о  
б о л е е  б ы с т р о й  р е а к ц и и  в  р а с п л а в л е н н о й  ф а з е .  Э н е р г и я  а к т и в а ц и и  э т и х  р е а к ц и й  л е ж и т  в



п р е д е л а х  6 0 — 7 0  к к а л .  П о л а г а л о с ь ,  ч т о  с т у п е н ь ю  о п р е д е л я ю щ е й  с к о р о с т ь  р а з л о ж е н и я  
п е р х л о р а т о в  щ е л о ч н ы х  м е т а л л о в ,  я в л я е т с я  р а з р ы в  с в я з и  C I — 0 .

П р о в о д и л и с ь  т а к ж е  н е к о т о р ы е  д е р и в а т о г р а ф и ч е с к и е  и  к и н е т и ч е с к и е  и з м е р е н и я  д л я  
в ы я с н е н и я  в л и я н и я  п р о д у к т о в  р е а к ц и и  н а  р а з л о ж е н и е .  И з  к и н е т и ч е с к и х  д а н н ы х  о п р е 
д е л я л с я  п о р я д о к  с т а б и л ь н о с т и  э т и х  с о е д и н е н и й ,  и  п о с л е д н и й  о б с у ж д а л с я  н а  о с н о в е  и з 
в е с т н ы х  ф и з и ч е с к и х  и  х и м и ч е с к и х  к о н с т а н т  к а т и о н о в  и  х а р а к т е р а  с в я з е й .

Термическая стабильность солей с анонимами, содержащими кислороды 
хлор, в твёрдом состоянии^ V. Термическое разложение перхлоратов 

некоторых двухвалентных металлов
Ф . шоймоши

И з у ч а л о с ь  т е р м и ч е с к о е  р а з л о ж е н и е  п е р х л о р а т о в  б а р и я ,  м а г н и я ,  к а д м и я ,  ц и н к а  и  
с в и н ц а .  П е р х л о р а т ы  б а р и я  и  к а д м и я  р а з л а г а ю т с я  д о  х л о р и д о в  и  к и с л о р о д а ,  в  т о  в р е м я  
к а к  р а з л о ж е н и е  о с т а л ь н ы х  с о л е й  п р и в о д и т  к  о б р а з о в а н и ю  х л о р и д о в ,  о к и с е й  и  р а з л и ч н ы х  
г а з о в  с о о т в е т с т в е н н о .  Р а з л о ж е н и е  в е щ е с т в  о п и с ы в а е т с я  р а з л и ч н ы м и  у р а в н е н и я м и ,  н а  
о с н о в а н и и  к о т о р ы х  б ы л и  р а с с ч и т а н ы  к о н с т а н т ы  с к о р о с т и  и  э н е р г и я  а к т и в а ц и и  р е а к ц и и .  
О п р е д е л я л а с ь  т а к ж е  и  с т е п е н ь  с т а б и л ь н о с т и  п е р х л о р а т н ы х  с о л е й ,  и  б ы л о  н а й д е н о ,  ч т о  
п о с л е д н я я  у м е н ь ш а е т с я  в  с л е д у ю щ е м  п о р я д к е :  б а р и й ,  м а г н и й ,  к а д м и й ,  с в и н е ц ,  ц и н к .  
Э т о т  п о р я д о к  о б с у ж д а л с я  с  т о ч к и  з р е н и я  э ф ф е к т и в н о й  с и л ы  э л е к т р и ч е с к о г о  п о л я  к а т и о н о в  
и  и о н н о г о  х а р а к т е р а  с о е д и н е н и й .

Характеристические нормальные колебания производных бензола, III. 
Корреляция между формой и частотой перпендикулярных колебаний СН

Д Ь . В А РШ А Н И

Х о д  ч а с т о т  п е р п е н д и к у л я р н ы х  С Н  к о л е б а н и й  в  п р о и з в о д н ы х  б е н з о л а  о б ъ я с н я е т с я  
т е о р и е й  с л е д о в а н и я  о р б и т ы . С  п о м о щ ь ю  о д н о г о  о п р е д е л е н н о г о  п а р а м е т р а  т о ч н о  в о с п р о и з 
в о д и л и с ь  ч а с т о т ы  п е р п е н д и к у л я р н ы х  к о л е б а н и й  С Н  в  б е н з о л е .  З а м е с т и т е л и  п о в ы ш а ю т  
в з а и м о д е й с т в и е  м е ж д у  с о с т о я н и я м и  s p 2 и  s p 3 и  т е м  с а м ы м , о б ы ч н о , у м е н ь ш а ю т  ч а с т о т у .  
Н а и л у ч ш и м  п о к а з а т е л е м  э т о г о  э ф ф е к т а  о к а з а л с я  с п е к т р о с к о п и ч е с к и й  м о м е н т ,  в в е д е н н ы й  
П л а т т о м .  С  п о м о щ ь ю  н о в о г о  п а р а м е т р а ,  с о д е р ж а щ е г о  с п е к т р о с к о п и ч е с к и й  м о м е н т , б ы л а  
р а з р а б о т а н а  о б щ а я  ф о р м у л а  д л я  в с е х  п е р п е н д и к у л я р н ы х  ч а с т о т  С Н  в  п р о и з в о д н ы х  
б е н з о л а .

Изучение некоторых проблем в области фазовых равновесий 
жидкосто-твердое тело при высоких температурах для систем, содержащих

летучие вещества
Р. К О Э Н -А Д А Д , А. Т Р А Н К А Р Д  и  А. М АРШ АН

И з у ч е н и е  ф а з о в ы х  р а в н о в е с и и  ж и д к о с т ь - т в е р д о е  т е л о  д л я  с и с т е м , с о д е р ж а щ и х  
л е т у ч и е  в е щ е с т в а ,  с т а л к и в а е т с я  с  б о л ь ш и м и  т р у д н о с т я м и ,  п р и н и м а я  в о  в н и м а н и е  в ы с о к и е  
т р е б о в а н и я  к  л а б о р а т о р н ы м  у с т а н о в к а м ,  с в я з а н н ы е  с  п о в ы ш е н н ы м  д а в л е н и е м .

В  д а н н о й  р а б о т е  и з у ч а л о с ь  в л и я н и е  н а и б о л е е  в а ж н ы х  ф а к т о р о в  с  ц е л ь ю  р а з р а б о т к и  
н а и б о л е е  п о д х о д я щ е г о  о б о р у д о в а н и я .

О п и с ы в а ю т с я  р а з л и ч н ы е  т и п ы  у с т а н о в о к  д л я  т е р м и ч е с к о г о  а н а л и з а  и л и  р а с т в о 
р е н и я  п о д  д а в л е н и е м  и  о п р е д е л я ю т с я  у с л о в и я  и х  п р и м е н и м о с т и .



Новые данные относительно взаимодействия эфиров тиолсульфиновых 
кислот с динитрохлорбензолом

Э. В И Н К Л Е Р  и  Ф . К Л И В Е Н И

А в т о р а м и ,  а  т а к ж е  Б а р н а р о м  и  П е р с и  [ 3 ]  и з у ч а л а с ь  р е а к ц и я  р а с щ е п л е н и я  ф е н и л , - 
п - т о л у и л  и  п - х л о р ф е н и л о в ы х  э ф и р о в  б е н з о л - ,  п - т о л у о л -  и  п - х л о р б е н з о л - т и о л с у л ь ф и н о в ы х  
к и с л о т  в  п р и с у т с т в и и  2 ,4 - д и н и т р о х л о р б е н з о л а  в  щ е л о ч н о м  б и к а р б о н а т н о м  р а с т в о р е .  
Б ы л о  у с т а н о в л е н о ,  ч т о  о н а п р а в л е н и и  и  с т е п е н и  р а з л о ж е н и я  м о ж н о  т о ч н о  с у д и т ь  л и ш ь  
в  с л у ч а е  п - т о л у и л о в ы х  с о е д и н е н и й . Э т о  с о е д и н е н и е ,  в  п р о т и в о п о л о ж н о с т ь  д в у м  д р у г и м  
а н а л о г а м ,  в  у с л о в и я х  р е а к ц и и  п р а к т и ч е с к и  н е  д и с п р о п о р ц и о н и р у е т с я .  И с п о л ь з у я  э к в и 
м о л е к у л я р н ы е  к о л и ч е с т в а  д и н и т р о х л о р б е н з о л а ,  м о ж н о  и с к л у ч и т ь  п о б о ч н ы е  р е а к ц и и ,  
з а т р у д н я ю щ и е  и з у ч е н и е  о с н о в н о й  р е а к ц и и .  М о д е л ь н ы е  и с с л е д о в а н и я ,  п р о в е д е н н ы е  в  
т а к и х  у с л о в и я х ,  д о к а з а л и ,  ч т о  н е  т о л ь к о  с у л ь ф о к с и д ,  н о  и  о с н о в н о е  к о л и ч е с т в о  с у л ь ф и д а  
о б р а з у е т с я  в  п е р в и ч н о м  п р о ц е с с е . Б ы л о  т а к ж е  д о к а з а н о ,  ч т о  о с н о в н о е  к о л и ч е с т в о  д и н и т р о 
х л о р б е н з о л а  р е а г и р у е т  с  о т н о с и т е л ь н о  б о л ь ш о й  с к о р о с т ь ю ,  и  л и ш ь  н е б о л ь ш о е  к о л и ч е с т в о  
п о с л е д н е г о  п р и н и м а е т  у ч а с т и е  в о  в т о р и ч н ы х  р е а к ц и я х .

Н а  о с н о в е  э к с п е р и м е н т а л ь н ы х  д а н н ы х  к а ж е т с я  в е р о я т н ы м ,  ч т о  н у к л е о ф и л ь н ы й  
х а р а к т е р  м о л е к у л ы  т м о л с у л ь ф и н а т а  н е л ь з я  п р и п и с ы в а т ь  т о л ь к о  S ( I I)  и  S ( I V )  а т о м а м  
с е р ы .

Применение некоторых конформационных правил к циклогексиламинам
К . А Л Ь Т Е Н Б У Р Г

Б ы л о  п о к а з а н о ,  ч т о  з а в и с и м о с т ь  м е ж д у  т е м п е р а т у р о й  к и п е н и я ,  п л о т н о с т ь ю  и  п о 
к а з а т е л е м  п р е л о м л е н и я ,  с о д н о й  с т о р о н ы ,  и  с р е д н е й  к в а д р а т и ч н о й  ( и н е р ц и о н н о г о  р а д и у с а ,  
с  д р у г о й  с т о р о н ы ,  в ы в е д е н н а я  д л я  а ц и к л и ч е с к и х  и  ц и к л и ч е с к и х  а л к а н о в ,  п р и м е н я е т с я  и  
д л я  и з о м е р н ы х  ц и к л о г е к с и л а м и н о в .  О б с у ж д а е т с я  в о з м о ж н о с т ь  к о н ф о р м а ц и о н н о г о  а н а 
л и з а  ц и к л о г е к с и л а м и н о в  с п о м о щ ь ю  т е м п е р а т у р ы  к и п е н и я ,  п л о т н о с т и ,  п о к а з а т е л я  п р е 
л о м л е н и я  и  н е к о т о р ы х  ф у н к ц и й ,  в ы в е д е н н ы х  и з  э т и х  в е л и ч и н .

Получение и исследование методом ЯМР <1,5>-лактон-2,4-динитрсфенил- 
гидразона О-ацетил-D-глюконовой, -D-манноновой, -D-ксилоновой

кислот
Ф. РУ Ф Ф , И . Ш У С Т Е Р и А . Г Е Р Е Ч

С п о м о щ ь ю  и с с л е д о в а н и й  м е т о д о м  Я М Р  б ы л о  у с т а н о в л е н о ,  ч т о  и з  2 ,4 - д и н и т р о -  
ф е н и л г и д р а з о н а  О - а ц е т и л - Б - г л к ж о п и р а н о з ы ,  - D - м а н н о п и р а н о з ы  и  - D - к с и л о п и р а н о з ы  
п у т е м  а ц е т и л и р о в а н и я  с  р а з м ы к а н и е м  к о л ь ц а  и  в  п р и с у т с т в и и  н е б о л ь ш и х  к о л и ч е с т в  
х и н о л и н а  ( и л и  п и р и д и н а )  в  к а ч е с т в е  п о б о ч н о г о  п р о д у к т а  о б р а з у е т с я  < 1 ,5 > - л а к т о н - 2 ,4 -  
д и н и т р о ф е н и л г и д р а з о н  с о о т в е т с т в у ю щ е й  О - а ц е т и л - а л ь д о н о в о й  к и с л о т ы .  Т о т  ж е  с а м ы й  
л а к т о н г и д р а з о н  о б р а з у е т с я  и  п р и  о к и с л е н и и  т е х  ж е  с а м ы х  и с х о д н ы х  с о е д и н е н и й  п е р 
м а н г а н а т о м  к а л и я .

Упрощенный микрометод для определения защитной группы 
шреш.-бутилоксикарбонила в различных аминокислотах и их производных

Ш. К У ТА Ш И , Й. К А Й Т А Р  и X . М Е Д З И Х Р А Д С К И Й -Щ В А Й Г Е Р

А в т о р а м и  о п и с ы в а е т с я  п р о с т о й  м е т о д  д л я  о п р е д е л е н и я  т д е т . - б у т и л о к с и к а р б о -  
н и л ь н о й  г р у п п ы  (В О С ) .  П о д  в л и я н и е м  с е р н о й  к и с л о т ы  в  с п и р т о в о й  с р е д е  э т а  з а щ и т н а я  
г р у п п а  о т щ е п л я е т с я  с  в ы д е л е н и е м  э к в и в а л е н т н о г о  к о л и ч е с т в а  д в у о к и с и  у г л е р о д а .  О б 
р а з у ю щ а я с я  д в у о к и с ь  у г л е р о д а  о п р е д е л я л а с ь  л и б о  г р а в и м е т р и ч е с к и м ,  л и б о  т и т р и м е т р и -  
ч е с к и м  п у т е м .
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Novelties in chemical literature published by 
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Academy of Sciences, Budapest

I. N Á R A Y -SZA B Ó

INORGANIC CRYSTAL CHEMISTRY

In  R u ss ian  •  A pprox. 510 pages •  200 fig u res •  C lo th

T he resu lts  o f re sea rch  fo r m ore  th a n  h a lf  a c en tu ry  on th e  s tru c tu re  o f c ry s ta ls  

a re  p resen ted  in th is  book  in  te rm s  of reg u la r a rra y s  o f a tom s, ions or 

m olecules. T he chem ical fo rm u lae  th o u g h t p rev iously  fo rm alistic  a re  re p re 

sen ted  as d e fin ite  th ree -d im en sio n al la ttic e s . T he s tru c tu re s  a re  i llu s tra te d  b y  a 

n u m b er of a r tis t ic  figu res, th e  m a jo r i ty  o f w hich is new . T he system  o f e le 

m en ts and  in o rgan ic  com pounds, d iscussed  s tr ic tly  follow ing th e  periodic  tab le , 

gives a su rv ey  of ino rgan ic  c h em is try  on  th is  basis fo r th e  f irs t  tim e.

PROCEEDINGS OF THE NINTH CONFERENCE 

OF THE SILICATE INDUSTRY

E d . b y  F. TAMÁS

In  E n g lish  •  A pprox. 960 pages •  C loth

This vo lum e co n ta in s th e  p a p ers  a n d  c o n trib u tio n s  re ad  a t  th e  N in th  C onfe

rence, held  in  N ovem ber, 1967, B u d a p es t, g rouped  — in  a lp h a b e tica l o rd e r 

o f A u th o rs’ nam es — in  th e  tra d it io n a l  sections: B asic Science, C em ent, Ce

ram ic, Glass, Q uarry ing , R efrac to ries .

1 8 2 8 -1 9 6 8
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T he A c ta  C him ica pu b lish  p ap ers  on  ch em istry  in  E n g lish , G erm an, F re n c h  a n d  
R ussian .

T he A c ta  C him ica a p p ea r in vo lum es consisting  o f fo u r p a r ts  o f  v a ry in g  size, 4 v o lu m es 
be ing  p u b lished  a  y e a r.

M anuscrip ts sh o u ld  be  addressed  to

A cta  Chim ica
B udapest 112/91 M űegyetem

C orrespondence w ith  th e  ed ito rs shou ld  be se n t to  th e  sam e address .
T he ra te  o f su b sc rip tio n  is 165 fo rin ts  a  vo lum e. O rders m a y  b e  p laced  w ith  “ K u ltú ra ”  

F o re ign  T rad e  C om pany  fo r  B ooks an d  N ew spapers (B u d ap es t I . ,  F ő  u tc a  32. A cco u n t N o. 
43-790-057-181) o r  w ith  re p re se n ta tiv e s  a b ro ad .

Les A c ta  C him ica p a ra issen t en franijais, a llem an d , an g la is  e t  russe  e t p u b lie n t des 
m ém oires d u  dom aine  des sciences chim iques.

Les A c ta  C him ica so n t publies sous fo rm e de fascicules. Q u a tre  fascicules seron t réu n is  
en  u n  volum e (4 v o lu m es p a r  an).

On est p rié  d ’en v o y e r les m an u scrits  destin és ä  la  re d ac tio n  ä  l ’adresse su iv an te :

A cta  Chim ica
Budapest 112/91 M űegyetem

T o u te  co rresp o n d an ce  do it é tre  envoyée a c e tte  m érne adresse.
Le p rix  de l ’a b o n n em en t est de 165 fo rin ts  p a r  vo lum e.
On p e u t s’a b o n n e r ä  l ’E n trep rise  p o u r  le C om m erce E x te r ie u r  de  L ivres e t J o u rn a u x  

«K u ltú ra » (B u d ap es t I . ,  F ő  u tc a  32. C o m p te -co u ran t N o. 43-790-057-181) ou  ä  l’é tran g er chez 
to u s  les re p ré se n tan ts  ou  déposita ires.

«Acta C him ica» и з д а ю т  т р а к т а т ы  и з  о б л а с т и  х и м и ч е с к о й  н а у к и  н а  р у с с к о м ,  ф р а н 
ц у з с к о м ,  а н г л и й с к о м  и  н е м е ц к о м  я з ы к а х .

«Acta Chimicat> в ы х о д я т  о т д е л ь н ы м и  в ы п у с к а м и  р а з н о г о  о б ъ е м а .  4  в ы п у с к а  с о 
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THE POTENTIAL ENERGY FUNCTIONS 
OF DIATOMIC MOLECULES

(H A L ID E S  AND H Y D R ID E S  O F  T H E  G R O U PS IA  A N D  IIA )

S. S z ő k e  and E . B a itz

(C entra l Research Institu te  fo r  C hem istry  o f  the H ungarian  A cadem y o f  Sciences, B u d a p es t)

R ece iv ed  A u g u s t 28, 1967

T he v a lid ity  of th e  p o te n tia l  en e rg y  fu nc tion

- у
U = D e( 1 - e  r ) [1  +  a f(r)]  (1)

c o n s tru c te d  m ain ly  on th e  basis  o f d a ta  o f covalen t d ia to m ic  m olecules, m a y  
be ex ten d ed  to  ap p ly  to  ionic cases, to o  [1]. In  E q . (1) U  is th e  p o te n tia l en e rg y , 
D e is th e  d issociation  energy , r — re is th e  d isp lacem en t co o rd in a te , a n d  a 
d en o tes  th e  L e n n a r d - J o n e s  p a ra m e te r  [2 ]. у  can be defined  b y  th e  follow ing 
re la tio n :

( 2)

w here  d  is a p ro p o rtio n a lity  c o n s ta n t, a n d  ev  e2 are th e  e lec tro n eg a tiv itie s , 
acco rd in g  to  P a u l in g  [3]. T h e  co rrec tn ess  o f E q . (1) was checked  in  th e  u su a l 
w ay , b y  rep ro d u c in g  values o f  th e  an h a rm o n ic ity  (coex e) a n d  th e  ro ta tio n a l-  
v ib ra tio n a l coupling  c o n s ta n ts  (аг); th e  ca lcu la ted  values w ere co m p ared  to  
th o se  o b ta in ed  w ith  th e  aid  o f th e  R it t n e r  p o te n tia l eq u a tio n , w hich is a c tu a lly  
th e  m o st p re fe rred  form ula in  th e  l i te ra tu re . Besides check ing  th e  co rrec tness 
o f  th e  eq u a tio n , o u r o ther p u rp o se  was to  s tu d y  th e  perfo rm ance  of th e  L e n n a r d - 
J o n e s  [2] co n stan ts .

T he w ay  fo r ex tension  o f  E q . (1) consists sim ply  in  th e  chang ing  o f th e  
v a lu e  o f  th e  p ro p o rtio n a lity  c o n s ta n t

d = K* e
( e i  e 2 0 12)1/2

( 3 )

w here  ke deno tes th e  force c o n s ta n t , re is th e  in te ra to m ic  d is tan ce , ex a n d  e2 
a re  th e  e lec tronegativ ities o f  th e  in d iv id u a l a tom s, an d  D e is th e  d issocia tion  
energy .

T he aim  o f th e  p resen t w o rk  h as  been  th e  in v es tig a tio n  o f th e  b e h a v io u r 
o f  th e  halides an d  subhalides o f  G roups l a  an d  I la ,  resp ec tiv e ly . The analy sis
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deals w ith  m olecules in  th e  gaseous s ta te , w hich  h av e  p re d o m in a n tly  ionic 
c h a ra c te r .

T he in te ra to m ic  d is tan ces  an d  d issoc ia tion  energ ies o f th e  d ia tom ic  
m olecules s tud ied  a re  g en era lly  large. T h e  m ean  e lec tro n eg a tiv itie s  an d  th e  
fo rce  co n stan ts  h av e  th e  low est v a lues in  d ia tom ic  cases.

Alkali halides

T he p o te n tia l e n e rg y  functions o f th e  m olecules w ere s tu d ied  in  th e  
gaseous s ta te , on th e  b as is  o f th e  high te m p e ra tu re  sp e c tra . Besides th e  d e te r 
m in a tio n  of th e  v a lu es  o f  d, th e  m ag n itu d e  o f  th e  L e n n a r d - J o n e s  p a ra m 
e te rs  is o f considerab le  in te re s t.

T he low values o f  th e  force co n stan ts  can  be tra c e d  b a c k  to  sim ilar va lues 
o f  th e  alkali m eta l m olecules. The in te ra to m ic  d istances are  in  p a r t  low as 
co m p ared  w ith  th e  c o v a le n t radii.

Y a r s h n i an d  S i iu k l a  [4] s tu d ied  th e  p o te n tia l fu n c tio n s of these  m ole
cu les. T h ey  selected  th e  R it t n e r  p o te n tia l [5] app licab le  to  ionic bonds to  
in v e s tig a te  energy  re la tio n s .

T he p o ten tia l fu n c tio n  was given in  th e  follow ing fo rm :

e2 (aq +  q 2) 

2r4
2e7 a ,  x ,  c , .

----- - —  -  —  +  *  exP (4)

w h e re  e =  c h a rg e  o f  a n  e lec tro n  
r =  in te r a to m ic  d is ta n c e  

<*1, a 2 =  p o la r iz a b i l i ty  o f  th e  io n s 
c =  van der W aals  p a r a m e te r  

A  a n d  q a re  c o n s ta n ts  d e te rm in e d  b y  th e  e q u il ib r iu m  d a ta .  
Y a r s h n i a n d  S h u k l a  u sed  th e  io n ic  d is so c ia tio n  en e rg ies  in  th e ir  c a l

c u la t io n s :

Д  =  D e +  I  — E  (5)

w here  £>,• =  ionic d issoc ia tio n  energy 
I  =  f irs t io n iza tio n  p o ten tia l 
E  =  e lec tro n  a ffin ity .

In  order to  ju s t i fy  th e  v a lid ity  of th e  basic  fu n c tio n , V a r s h n i  an d  Sh u k l a  
c a lc u la ted  th e  D e, coex e a n d  oce values. T h e  D e's  were ta k e n  from  a p u b lica tio n  
o f B r e w e r  and  B e c k e t  [6].

A lkali m etal and alkali hydride m olecules

W h e n  s tu d y in g  th e  b e h a v io u r  o f  th e  a lk a li  h a lid e  m o lecu les , i t  se em e d  
w o rth -w h ile  to  c o m p a re  th e  re la tio n s  fcr/(e1e2D )1 2 o f  a lk a li  h y d r id e s  a n d  a lk a li  
h a l id e s .
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A lk a li  metal m olecules can be s tu d ie d  a t  h igh  te m p e ra tu re  in  th e  gaseous 
s ta te . T h ey  are ch a rac te rized  b y  large in te ra to m ic  d istances an d  b y  sm all 
d issocia tion  energies a n d  force c o n s ta n ts . T he la t te r  v a lues are m uch  sm alle r 
th a n  ex p ec ted  even  on th e  basis of th e  low  d issoc ia tio n  energy v alues.

A lkali m e ta l a to m s are able to  perfo rm  b o n d s w ith  each o th e r. T h e  p a 
ra m e te rs  o f th ese  m ixed  a lkali m olecules — m ain ly  th e  force co n stan ts  — a re  
n e a rly  th e  sam e as th o se  of hom onuclear m olecules w hich  is c h a ra c te ris tic  o f 
covalency .

In  alka li hydrides  th e  hyd ro g en  a to m  is th e  n eg a tiv e  pole, its  io n iza tio n  
p o te n tia l being  considerab ly  la rger th a n  th a t  o f a lk a li e lem ents. The d issoc ia tion  
energies are  well equalized , h av in g  values so m ew h at low er th a n  th e  m ean  
v a lu e  co rrespond ing  to  th e  m e ta l an d  th e  h y d ro g en  m olecules, in d ic a tin g  
p a r tia l  ionic c h a ra c te r . The in te ra to m ic  d istances are  considerab ly  low er th a n  
in  a lka li m olecules: th e  elec tron  o f th e  h y d rogen  a to m  is b u ilt  in to  th e  v a len ce  
shell, causing  sig n ifican t c o n trac tio n  in  th e  in te ra to m ic  d istance.

Subhalides of alkaline earth m etals

T hese are  m olecules in  gaseous s ta te , th e  b e h a v io u r of w hich can  be 
s tu d ie d  on ly  a t  e lev a ted  te m p e ra tu re s . T h e ir d issoc ia tion  energy va lu es  w ere 
d e te rm in ed  by  H e r z b e r g  from  th e  in fra red  sp ec tra  [7 ], an d  by  B l u e , G r e e n , 
B a u t is t a  an d  M a r g r a v e  on th e  basis of m ass sp e c tra l m easu rem en ts [8, 9 ] .  
Som e d issocia tion  en erg y  values w ere o b ta in ed  b y  G u r v ic h  e t a l.[1 0 ] a n d  
V e d e n e y e v  e t al. [11] on th e  basis of h igh  te m p e ra tu re  equ ilib rium  d a ta .  T h e  
re lia b ility  of th e  d iffe ren t d a ta  w as in v es tig a ted  b y  K r a sn o v  and  K a r a s e v a  
[12] using  th e  R it t n e r  p o ten tia l. T hese au th o rs  e s tim a te d  th e  in te ra to m ic  
d is tan ces  o f ce rta in  m olecules on th e  basis o f V a r s h n T s calcu lations. T h e y  
com piled  th e  m ost p ro b ab le  d issociation  energy  v a lu es  in  th e ir  p ap er.

Alkaline earth m etal subhydrides

T he su b h y d rid es  o f G roup I l a  as well as th e  correspond ing  ha lid es  are  
fo rm ed  th ro u g h  th e  h y b rid iza tio n  of th e  2s e lec tro n s of th e  m e ta l m olecu le .

T he l a  an d  I l a  h yd rides do n o t differ v e ry  m u ch  from  each o th e r  w ith  
re sp ec t to  d issocia tion  energy  an d  in te ra to m ic  d is tan ces , how ever, th e re  are  
considerab le  d ifferences in  th e  no rm al frequencies, invo lv ing  a g rea t d e v ia tio n  
in  th e  force c o n s tan ts .

The d  value dependence in the halides and hydrides of Group la  
and the subhalides and subhydrides o f  Group Ila

T he re la tio n s o f th e  p a ram e te rs  ch a rac te riz in g  th e  bond  s tre n g th , g iven  
as th e  p ro p o rtio n a lity  c o n s tan t d, can , in  f irs t ap p ro x im a tio n , be co n sid ered  
c o n s ta n t w ith in  th e  in d iv id u a l g roups. The v a lu es , accord ing  to  th e  ab o v e
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seq u en ce , are  th e  fo llow ing: 0.138, 0.152, 0.221 an d  0.213. T hese m ag n itu d es 
are  c o rre c t if  th e  energ ies are given in  k ca l/m o le , th e  bond  len g th s  in  Á, force 
c o n s ta n ts  in  m dyne/Á , an d  th e  e lec tro n eg a tiv itie s  are consid ered  to  be 
d im ension less n um bers.

T h e  d a ta  of a lka li halides are com piled  in  T able I . O ur ca lcu la tio n s were 
m ad e  w ith  th e  n u m erica l values ap p lied  b y  V a r s h n i  an d  S h u k l a  in  th e

Table I

P roportionality  constants o f  a lka li halides

D i r к d

NaCl 128.0 2.361 1.086 0.139

K B r 109.4 2.821 0.738 0.133

K I 102.3 3.048 0.611 0.131

L iF 178.3 1.564 2.502 0.147

N aB r 123.6 2.502 0.935 0.132

LiCl 148.0 2.021 1.415 0.136

CsF 136.0 2.345 1.305 0.157

Csl 97.6 3.315 0.543 0.137

RbCl 108.8 2.787 0.795 0.137

R b B r 105.1 2.945 0.692 0.133

K F 134.2 2.170 1.385 0.145

N a l 116.6 2.711 0.770 0.129

N aF 149.0 1.926 1.761 0.147

CsCl 107.8 2.906 0.748 0.144

CsBr 104.7 3.072 0.652 0.140

KC1 113.2 2.667 0.851 0.138

LiB r 142.9 2.170 1.205 0.131

L il 134.3 2.392 0.972 0.127

R b F 128.9 2.2703 1.2521 0.140

R b l 98.4 3.177 0.575 0.130

average: 0.138
m ean  dev iation : 4 .18%

R i t t n e r  p o te n tia l ca lcu la tio n s. T ab le  I I  gives a good p ic tu re  a b o u t th e  sligh t 
b u t  re g u la r  change o f th e  d  va lues. T hese v a lu e s  decrease from  L i to  R b , an d  
fro m  F  to  I  reg u la rly . I n  th e  Cs row  th e  re g u la r  decrease, as co m p ared  to  th e  
o th e r  ha lides, is no longer observed . (W e m e n tio n  in advance th a t  th is  b eh av 
io u r  is rep ea ted , in  a r a th e r  analogous fa sh io n , in  th e  case o f a lkaline  e a r th  
h a lid e s .)

T h e  d  values o f a lka li hydrides are g iven  in  T able I I I .  T h ey  do n o t differ 
v e ry  m u ch  from  th e  co rrespond ing  v alues o f  th e  halides. The b o n d in g  in  alkali
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h alides is e s tab lished  b y  s and p  e lec tro n s, while in  h y d rid es  th e re  a re  bonds 
w ith  tw o s e lectrons.

In  th e  alkaline earth subhalides th e  bo n d  is m ade b y  sp  h y b rid  a n d  p  
e lec trons. In  these  g roups d ifficu lties are  e n co u n te red  in  th e  ca lcu la tio n s  
ow ing to  th e  u n re lia b ility  of th e  e x p e rim e n ta l d a ta .

Table II

R egular tendency in  the proportionality  constants

F Cl Br I

Li 0.147 0.136 0.131 0.127
Na 0.147 0.139 0.132 0.129
К 0.145 0.138 0.133 0.131
Rb 0.140 0.137 0.133 0.130
Cs 0.157 0.144 0.140 0.137

The p ro b a b ility  o f  th e  righ t v a lu e s  can  be ju s tif ie d  b y  carefu l an a ly sis ; 
su ch  analyses have b een  rep o rted  b y  K r a s n o v  an d  K a r a s e v a . In  o rd e r to  
check  th e ir  re su lts , we ca lcu la ted  th e  d  va lues w ith  th e ir  d a ta , an d  co m p ared  
th e m  w ith  th e  d  v a lu es  o b ta ined  u s in g  o th e r e x p e rim e n ta l va lues g iven  b y  
d iffe ren t au th o rs  [7, 8, 9, 10, 11]. T h e  d  values ca lcu la ted  from  th e  tw o  se ts  o f 
d a ta  o b ta in ed  in  d iffe ren t w ays, a re  show n in T able  IV . T he fac to rs  ca lcu la ted  
from  th e  d issociation  energies p ro p o sed  b y  K r a s n o v  a n d  K a r a s e v a  are

Table III

P roportionality constants o f  alkali hydrides

к r
(«Ad

D d

LiH 1.026 1.596 1.448 58 0.148

N aH 0.781 1.887 1.376 47 0.156

K H 0.561 2.244 1.296 43 0.148

R bH 0.545 2.376 1.296 41 0.156

CsH 0.467 2.494 1.212 42 0.148

Average: 0.152

b e t te r  equalized, h a v in g  sm aller d isp ers io n , an d  seem  th e re fo re  to  be m ore 
accep tab le . As in  th e  case o f alkali h a lid e s , we give a com parison  in  T ab le  V. 
T he tendencies and  d ev ia tio n s  agree in  th e  tw o g roups o f m olecules. In  som e 
p laces irregu larities a re  fo u n d  arising  fro m  sligh tly  u n re liab le  d a ta .
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Table TV

P roportionality  constants o f  a lka line  earth subhalides

к r D a D b d ° db

BeF 5.767 1.365 159.8 140.0 0.255 0.272

BeCl 3.025 1.700 110.0 110.0 0.231 0.231

BeBr 2.612* 1.930 — 100.0 — 0.246

B el 2.143* 2.130 — 88.0 — 0.251

MgF 3.216 1.750 105.0 120.0 0.251 0.236

MgCl 1.815 2.200 89.8 90.0 0.222 0.222

MgBr 1.514 2.360 73.9 74.0 0.227 0.227

Mgl 1.170* 2.560 — 55.0 — 0.234

CaF 2.614 2.020 124.8 125.0 0.297 0.236

CaCl 1.504 2.439 62.9 105.0 0.267 0.207

CaBr 1.270 2.600 65.85 90.0 0.244 0.209

Cal 1.051* 2.800 64.5 75.0 0.232 0.215

SrF 2.300 2.120 125.5 126.0 0.218 0.218

SrCl 1.345 2.580 68.84 108.0 0.241 0.193

SrB r 1.146 2.740 63.77 90.0 0.235 0.198

S ri 0.923 2.940 49.96 80.0 0.243 0.193

B aF 2.163 2.240 133.76 134.0 0.221 0.220

BaCl 1.282 2.750 61.93 110.0 0.273 0.205

B aB r 1.108 2.910 64.46 100.0 0.253 0.203

B a l

A verage:

0.874* 3.110 85.0 0.197

0.221

* V a r s h n i’s d a ta  [4]
D a ex p erim en tal d a ta  g iven  b y  K rasnov  a n d  K a rasev a  [12] 
D b recom m ended v a lu es b y  K rasnov  and  K a ra sev a  [12]

Table V

R egular tendency in  the proportionality  constants

F Cl Br I

Be 0.272 0.231 0.246 0.251

Mg 0.235 0.222 0.227 0.234

Ca 0.236 0.207 0.209 0.215

Sr 0.218 0.193 0.198 0.193

Ba 0.220 0.205 0.203 0.197
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I t  can  be in fe rred  from  th e  d a ta  o f T ab le  IV  th a t  fo r  B eF  th e  d issocia tion  
e n e rg y  (160 kcal/m ole), suggested  b y  K r a s n o v  a n d  K a r a s e v a  i s  th e  m ore 
p ro b a b le  value. B y  u sin g  th is , th e  d  fa c to r  rem ains re g u la r ly  in  th e  line.

A n analysis w as also m ade c o n ce rn in g  th e  co rrespond ing  values o f s u b h y 
d rid es  (Table V I). I t  is easy  to  see t h a t  th ese  differ o n ly  m o d e ra te ly  fro m  th e  
fo rm e r ones (0.221 fo r th e  h a lid e , a n d  0.213 for th e  h y d rid e ) . I t  follows from

T ab le  VI

P roportionality  constants o f  alkaline earth subhydrides

к r
(«Л)*

U [12] d

B eH 2.263 1.343 1.775 53 0.235

M gH 1.277 1.731 1.587 46 0.205

CaH 0.977 2.002 1.448 39.2 0.215

SrH 0.857 2.145 1.448 38 0.205

B aH 0.809 2.232 1.374 41 0.204

A verage: 0.213

th is  fa c t  th a t  i t  is n o t  v e ry  im p o r ta n t  w h e th e r th e  o th e r  bon d in g  p a r tn e r  is 
a n  s or a p  e lec tron  beside th e  sp  h y b r id  electron.

Values o f the Lennard-Jones a and b parameters

A  general fe a tu re  of th e  p o te n tia l  energy  fu n c tio n s is th a t  th e y  do n o t 
describe  th e  low er a n d  h igher e n e rg y  levels w ith  th e  sam e accu racy . T he 
o rig in a l L i p p i n c o t t  fu n c tio n  [13] is th e re fo re  to  be co m p le ted  b y  th e  su p p le 
m e n ta ry  te rm  g iven  in  E q . (1). T h e  L e n n a r d - J o n e s  su p p le m e n ta ry  te rm  [3] 
is also  useful w hen  em ploy ing  e le c tro n e g a tiv ity  d a ta .

T he p o te n tia l en e rg y  a ssu m p tio n s  prescribe th a t  th e  fu n c tio n s h av e  to  
rep ro d u ce  spectroscop ic  co n stan ts  n o t  g iven  in  th e  s ta r t in g  expression  [14]. 
T h e  c rite rio n  for reca lcu la tio n  of th e  озех е a n d  x e te rm s is t h a t  th e  a a n d  b p a ra m 
e te rs  m u s t be o f th e  sam e m a g n itu d e  in  th e  given b o n d  ty p e . E x p a n d in g  th e  
[1 -)- o /(r)] expression  in  pow er series an d  neglecting  te rm  h ig h er th a n  o rd e r 
th re e , we have th e  follow ing e x p re ss io n :

1 +  af(r) =  1 +  (—l)°{(r<?/r)e[ l  -  e x p ( - 6 2yZlr2 r “ /rc12)]1/2 -

-  (rc/r)12[ 1 -  e x p (—b2y A r 2r n l r ] 2) ] }  (6)

T h e  p a ra m e te rs  a a n d  b can  he g iv e n  accord ing  to  th e  analy sis  o f D u n h a m  

so lv in g  th e  S c h r ö d i n g e r  eq u a tio n  [15]. T he follow ing expression  can  he
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Table VÜ

L en n ard-Jones param eters o f  a lka li halides

ab b a

N aC l 1.125 1.065 1.056

K B r 1.120 1.016 1.102

K J 1.084 1.000 1.084

N a B r 1.085 1.093 0.993

LiCl 1.010 1.068 0.946

C sl 1.154 1.002 1.152

R bC l 1.133 1.009 1.122

R b B r 1.121 1.036 1.082

K F 1.164 1.029 1.131

L iF 1.111 1.077 1.032

N a F 1.225 1.182 1.036

N a l 1.037 0.960 1.080

KC1 1.126 1.035 1.088

R b l 1.174 1.135 1.034

CsCl 1.147 1.049 1.093

CSBr 1.180 1.174 1.005

L iB r 0.986 0.981 1.005

R b F 1.113 0.929 1.198

Average: 1.116 1.047 1.069

Mean d ev ia tio n : 3.88% 5-0% 4.61%

Table V III

Lennard-Jones param eters o f  a lka li hydrides

ab b -

L iH 0.484 1.046 0.463

N a H 0.518 0.977 0.530

K H 0.431 0.912 0.473

R b H 0.529 1.036 0.511

CsH 0.506 0.975 0.519

Li2H 0.494 1.067 0.463

K 2H 0.531 1.000 0.531

A verage : 0.499 1.002 0.498
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T ab le  IX

L ennard-Jones param eters o f  alkaline earth subhydrides

ab b a

B eH 0.430 1.200 0.358

M gH 0.489 0.943 0.519

CaH 0.425 1.167 0.364

SrH 0.433 1.210 0.358

B aH 0.438 1.120 0.391
Mg-II 0.510 0.990 0.515

Average: 0.454 1.105 0.418

T ab le  X

Spectroscopic constants o f  alkali halides

(oexe
exptl. calc.

Deviation
%

10* a. 
exptl.

10*
calc.

Deviation
о//0

NaCl 1.755 1.75 0.3 16.248 16.17 0.5

K B r 0.758 0.741 2.2 4.048 4.037 0.3

K I 0.574 0.574 0 2.678 2.763 3.2

N aB r 1.16 1.24 6.9 9.41 9.684 2.4

LiCl 4.2 4.791 14.1 80.122 86.84 8.4

Csl 0.254 0.235 7.5 0.683 0.66 2.6

RbCl 0.856 0.816 4.7 4.536 4.467 1.5

R bB r 0.463 0.456 1.5 1.86 1.845 0.9

K F 2.4 2.253 6.1 23.346 23.7 1.5

L iF 8.895 9.127 2.6 241 243 0.8

LiB r 3.53 3.89 9.7 56.402 63.96 13.4

N aF 3.4 3.327 2.1 45.59 41.58 8.8

N a l 0.964 0.987 2.3 6.48 6.97 7.5

KC1 1.167 1.141 2.2 7.89 7.825 0.8

R b F 1.9 1.758 7.5 15.223 15.263 3.2

R b l 0.335 0.334 0.3 1.095 1.044 4.7

CsCl 0.740 0.667 9.9 3.37 3.27 2.9

CsBr 0.360 0.340 5.6 1.241 1.177 5.2

A verage: 4.74 3.8
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S o lv in g  th e  eq u a tio n s  gives fo r a lkali ha lides 1.047 as th e  average  L e n n a r d - 
J o n e s  b p a ram e te r, a n d  1.116 as th e  ab p a ra m e te r; th e  sam e p a ra m e te rs  in  
th e  cov a len t area  a re : 1.061 an d  0.562 (T able V II).

A fu r th e r  s tu d y  on a lka li hyd rides gave ab o u t 1.0 fo r th e  L e n n a r d - 
J o n e s  b p a ram e te r  a n d  0.5  fo r a. H ydrogen  a n d  th e  h y d rid e  m olecules d e v ia te  
from  o rd in a ry  b e h a v io u r a lm o st in  all chem ical-physica l p a ra m e te rs , th e re fo re  
a  few  p e r cen t d ev ia tio n  is in  accordance w ith  th e  genera l ru le  o f th e  c o n s ta n t

Table X I

Spectroscopic constants o f  a lkali hydrides

a>eXe
exptl.

(OeXe
calc.

Deviation
%

“e
exptl.

a-e
calc.

Deviation
%

LiH 23.2 24.50 5.6 0.2132 0.22 3.2

N aH 19.72 19.25 2.4 0.135 0.125 7.4

K H 14.65 13.97 4.6 0.0673 0.0783 16.3

R bH 14.15 14.42 1.9 0.072 0.067 6.9

CsH 12.6 12.31 2.3 0.057 0.0558 2.1

Li2II 13.228 13.921 5.2 0.09198 0.0929 1.0

K 2H 7.6 7.49 1.4 0.028 0.0264 5.7

Average: 3.3 6.1

c h a ra c te r  of p a ra m e te r  b. In  T ab le  V I I I  ab an d  b d a ta  o f  deu te rides are  also 
sh o w n ; here we fo u n d  th e  ex p erim en ta l p a ra m e te rs  to  be  reliab le .

A nalogous ca lcu la tio n s  were m ade w ith  a lkaline e a r th  m eta ls  using  d a ta  
o f  th e  hydrides as w ell as th a t  of m agnesium  d eu te ri de.

T he L e n n a r d - J o n e s  p a ram e te rs  fo r alkaline e a r th  hydrides are  a:
0 .418 ; ab: 0.454; b: 1.105 (T able IX ).

In  th e  case o f a lk a lin e  e a r th  subha lides, reliab le e x p e rim e n ta l d a ta  w ere 
fo u n d  only for B eF . T he follow ing values w ere o b ta in ed  a: 0 .748; b: 0 .969; ab:
0.725.

C alculations w ere also m ade to  f in d  th e  a n h a rm o n ic ity  an d  ro ta tio n a l-  
v ib ra tio n a l coupling  c o n s ta n ts . T he ca lcu la ted  an d  ex p e rim en ta l d a ta  are  
show n  in  Tables X , X I ,  X I I .  T hey  unam b ig u o u sly  ju s tify  th e  correctness o f o u r 
p o te n tia l  energy assu m p tio n .
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Table X II

Spectroscopic constants o f  alkaline earth subhydrides

exptl.
u>e*ecalc.

Deviation
%

a«
exptl. calc.

Deviation
%

B eH 35.5 38.99 9.8 0.3 0.317 5.7
M gH 31.5 26.95 14.4 0.167 0.155 7.2

CaH 19.5 20.76 6.5 0.096 0.094 2.1

SrH 17 19.1 12.4 0.0814 0.0853 4.8

B aH 16 16.35 2.2 0.0655 0.068 3.8

Mg2H 16.09 14.27 11.3 0.0654 0.0592 9.5

M ean dev ia tion : 9.43 5.5

D iscussion o f the results

These s tud ies ab o u t th e  c h a ra c te ris tic  A:r/(e1e2 D 12) ^  va lu es  of h y d rid es  
an d  halides of a lkali m eta ls , an d  su b h y d rid es  and  su b h a lid es  o f alkaline e a r th  
m eta ls  have  show n th a t  these  v a lu es  are  in d ep en d en t o f  th e  io n ic-covalen t 
ch a ra c te r , an d  th e y  are c o n s ta n t fo r ce rta in  groups o f m olecules. T hough  th e  
d iffe ren t m olecular p roperties change g radua lly  in  acco rd an ce  w ith  a n o t  
s tr ic tly  defined  re la tio n  of th e  period ic  system , th e  ab o v e-m en tio n ed  ra tio  
seem s to  rem ain  co n stan t, d ep en d in g  on ly  on th e  e lec tro n s p a r tic ip a tin g  in  
th e  bond .

In  th e  halide  an d  h y d rid e  g ro u p s tre a te d  above, th e  m e ta l ta k e s  p a r t  
w ith  s or sp  h y b rid  electrons in  th e  b o n d , giving rise to  linkages o f s —p  or 
s p —p  an d  s —s or s p —s ch a ra c te r .

A ccording to  experience, th e  d  values depend p re p o n d e ra n tly  on th e  
m e ta l com ponen t, an d  i t  is n e a rly  in d iffe ren t w h e th e r th e  p a r tn e r  is ta k in g  
p a r t  in  th e  b o n d  w ith  an s o r p  e lec tro n .

In fo rm a tiv e  calcu la tions h av e  also been  m ade on  h y d rid e  an d  h a lid e  
m olecules o f G roup lb .  The d  va lu es  fo u n d  were in  th e  ra n g e  of 0.2, a n d  th e y  
seem  to  be in d ep en d en t of th e  s or p  b o n d in g  e lectron  o f th e  hyd rogen  o r h a lo 
gen a to m . T hese m olecular p a ra m e te rs  are  a p p a re n tly  n o t  en tire ly  re liab le , 
th e re fo re  th e  calcu la tions are n o t g iven  in  th is  p ap er.

F o r th e  d ’s o f p —p  bonds in  th e  co v a len t area, we h a v e  o b ta in ed  va lu es  
o f a b o u t 0.28, w hich are n ea rly  o f th e  sam e m agnitude  as in  th e  cases o f m ole
cules w ith  an  s —p  link .

The average  d ev ia tion  o f th e  d  values is ± 4 .1 8 %  fo r a lk a li ha lides. T he 
L e n n a r d - J o n e s  b values are w ith in  a b o u t ± 1 0 %  c o n s ta n t . T he a ’s can  be 
considered  co n stan ts  to  a b o u t th e  sam e e x te n t.
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B y  reca lcu la ting  th e  (oex e an d  а е d a ta ,  we w ished to  d e te rm in e  w h e th e r 
th e  p o te n tia l energy  fu n c tio n s  of general v a lid ity  or th e  m ore  specific R ittn e r  
p o te n tia l  can afford  b e t te r  ag reem en t fo r th e  energy  levels. T h e  an h arm o n ic ity  
o f  th e  halide m olecules o f  G roup  la  as well as th e  ro ta tio n a l-v ib ra tio n a l coupling 
c o n s ta n ts  can be c a lc u la te d  from  th e  fu n c tio n s  of ty p e  (1) m ore  precisely th a n  
f ro m  th e  R ittn e r  e q u a tio n . T he average d ev ia tio n s  are in  th e  f irs t case 4 .7%  
fo r  coeXe and  3 .8%  fo r oce, w hile th e  co rrespond ing  v alues fro m  th e  ionic re la 
tio n s  are 5.5 and  5 .2 % . F o r  th e  la  an d  I l a  hyd rides b o th , th e  ca lcu la ted  an d  
e x p e rim e n ta l va lues a re  g iven ; on th e  basis  o f th e  s ta n d a rd  dev ia tions i t  has 
b e e n  found  th a t  E q . (1) w ith  th e  d v a lu es  given sa tisfies th e  conven tional 
co n d itio n s  on th e  p o te n tia l  energy  in  th is  fie ld , too .

T h e

SUM M ARY

d =  ke re (ex e2 D e) '12

v a lu e s , ch aracteris tic  fo r b o n d  ty p e s  and  useful fo r p o ten tia l energy  s tu d ie s , hav e  been calcu 
la te d  fo r alkali and a lk a lin e  e a r th  h y d rid e  an d  h a lid e  m olecules. T he L e n n a r d - J ones p a ra m 
e te rs , a  and  ab, are g iv en ; th e se  h av e  been fo u n d  c o n s ta n t w ith in  th e  ra n g e  of 4.6 and  3.9%  
re sp ec tiv e ly  in th e  d iffe re n t b o n d  ty p es . T he a ssu m p tio n  th a t  p a ra m e te r  6 is a  co n stan t being  
in d e p e n d e n t of the  bo n d  ty p e ,  h a s  been  ju stified . C om parison  h as b een  m a d e  betw een p o te n tia l  
e n e rg y  functions arising  fro m  d iffe re n t p rincip les a n d  conclusions c an  b e  d ra w n  th a t  the  L ip p in - 
c o tt  ty p e  functions a re  s a tis fa c to ry  in  th e  ionic as w ell as in  th e  c o v a le n t a rea .
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In  th e  B orn  — O p p e n h e im e r  a p p ro x im a tio n , th e  forces b e tw een  a to m s, 
an d  co n seq u en tly , th e  force c o n s ta n ts  can  he reg a rd ed  as u n ch an g ed  in  m o le
cules d iffering  only  in  isotopic s u b s ti tu tio n . A t th e  sam e tim e , how ever, th e  
n o rm al frequencies o f  isotopic m olecu les are  m odified . In  th is  w ay , fu r th e r  
d a ta  can  be o b ta in ed  concerning th e  force field of m olecules.

W ith  th e  help o f th e  p a ram e tric  re p re se n ta tio n  described  in  ou r ea rlie r 
w orks [1, 2, 3], for th e  sake of s im p lic ity , th e  case o f iso top ic  m olecules w ill be 
ex am in ed  w here th e  sy m m etry  of th e  tw o  m olecules rem ains u n ch an g ed  on  
iso top ic  su b s titu tio n .
L et

Q(i) p W  f(D  =  i p )  A W ,  G(2) F (2) I / 2> =  L (2) Л (2)

be th e  secu la r e q u a tio n s  o f the tw o m olecu les, w here th e  G an d  F  m atrices a re  
defined  b y  W ilson  [4 ]; Л  is a d iag o n a l m a tr ix  whose e lem ents can  be easily  
co m p u ted  in  th e  know ledge of the n o rm a l frequencies; an d  L  d eno tes a m a tr ix  
consisting  o f th e  e igenvecto rs of m a tr ix  GF.  H en cefo rth  th e  e lem ents o f 
m atrices  G ^ \  G®, Л ® a n d  /1® are su p p o se d  to  be know n.

As i t  has been  p o in ted  ou t [1 ], in s te a d  o f th e  n o n -sy m m etric  m a tr ix  
GF,  th e  use of th e  sym m etric  m a tr ix  g F g  (w here g  =  G12) is m uch  m ore  
co n v en ien t. T herefo re, th e  secular e q u a tio n s  above are co n v erted  in to  th e  
fo rm s:

g i  1) p O ) g i . 1) [/(1 ) =  1/(1) /1(1) a n ( l  g (2) p i .2) [/(2) _  [/(2) /((2)

w here 17® an d  U®  are  orthogonal m a tric e s .
A ssum ing  th e  B o r n — Op p e n h e i m e r  ap p ro x im a tio n  to  ho ld , an d  u sin g  

th e  fo rm u la  described  in  our earlier w o rk  [1], all th e  m atrices  F  sa tis fy in g  
th e  secu la r equ a tio n s o f  b o th  m olecules can  be fo rm ed  as follow s:

F  =  (g W )-1 UW A W  {TJWy (g W ) - 1 =  (g ® )-1 t/®  A W (U W )  ’ (g(2))-i (1)

w here U '  is tran sp o se  o f U.

* P a r t  Y : A cta  C him . A cad. Sei. H u n g . 56, 285 (1968).
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I t  is to  be n o te d  th a t  U®  =  U ®  w ould  be possible w ith  th e  sam e F  
o n ly  if  th e  tw o m a trice s  th e  e igenvecto rs o f  w hich are  co n ta in ed  b y  m atrices  
l / (1) a n d  U(2), w ere co m m u ta tiv e s , i. e.:

g(D JTg(D g(2 ) P g ( 2 )  =  g ( 2 )  pg(2)  g(  1 ) F g { l )

As g ®  ?£ g  , th e  e q u a tio n  above is in c o rre c t. F r e e m a n  has a rriv ed  a t  a sim ilar 
conclusion  [5].

L e t i t  be re m a rk e d  th a t  m a tr ix  L  in  th e  form  L  =  g U  c an n o t be consid 
e re d  as decom posed in to  tw o fac to rs , one of w hich is m a tr ix  g  expressing  
th e  m ix ing  of th e  in n e r  (sym m etry ) co o rd in a te s  in  th e  n o rm a l coo rd ina tes, an d  
th e  o th e r  m a tr ix  U  ch a rac teriz in g  th e  m ix in g  caused  b y  m a tr ix  F.  T his can  
be seen from  th e  fa c t t h a t  in  th e  case o f  iso to p ic  m olecules 17® ^  U®, th o u g h
j r (1) =  F (3).

In  th e  follow ing, th e  re la tion  (1) w ill be  tran sfo rm ed  in  o rder to  see b e t te r  
th e  connection  b e tw een  m atrices 17® a n d  U ® sa tisfy in g  E q . (1).

U sing th e  n o ta tio n

S =  g®  (g® ) - 1 17® Л® ( I /® ), (g® ) “ 1 g(1).

F ro m  E q . (1) we g e t:
SI7®  =  17® Л ® .

T h is m eans th a t  th e  [7® belonging to  th e  exam ined  com m on F  m atrices is 
such  th a t  the  m a trices  S  form ed b y  [7® an d  m a tr ix  G® F ®  have th e  sam e 
eigenvalues. In  th is  w ay , on th e  basis o f th e  know n re la tio n  betw een  th e  ro o ts  
a n d  coefficients o f th e  secu lar eq u a tio n , w e h av e  th e  follow ing e q u a tio n  sy stem :

2  =  2  s «
k = 1 t =  1

2 = 2(s<‘s‘r -stt'St-t) (2)
k < k ’ t< Y

A ® A « .. .A ®  =  |S|

w here  A®, A®, . . . , * are th e  e lem en ts  o f th e  d iagonal m a tr ix  /1®, an d  S
is th e  d e te rm in a n t o f  m a tr ix  S. E q u a tio n  system  (2) consists of n  eq u a tio n s . 
I n  th e  la s t of th e  e q u a tio n s  th e  e lem en ts  o f m a tr ix  17® do n o t occur, an d  b y  
develop ing  th is  la s t  eq u a tio n , th e  R e d l i c h —T e l l e r  p ro d u c t ru le  can  be  
o b ta in e d :

A® A® . . .  A® =  lg(1)^g(1)L |Л®| =
|g® ||g® | ‘ '

G®!
=  -I——L  A)2) Al2). . . A®
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E q u a tio n  sy s tem  (2) m eans fu r th e r  (n  — 1) re s tr ic tio n s  for th e  I p a ra m -
l 2 J

e te rs  [1] g iv ing  m a tr ix  IT . C onsequen tly , m a trices  F  sa tisfy ing  th e  secu la r  
eq u a tio n s  o f b o th  iso topic  m olecules can  be fo rm ed  as th e  fu n c tio n  of

n

2 -  in  !)  =

p a ra m e te rs .
B ecause o f th e  com plex ity  o f e q u a tio n  sy s tem  (2), fu r th e r  m e th o d s  h a v e  

been  developed  fo r th e  exam in a tio n  o f  th e  com m on m atrices F.
In  o u r p rev io u s w ork  [3] th e  m e th o d  o f “ m ap p in g ” th e  force fie ld  w as 

described . In  a s im ila r sense, th e  com m on F  m a tr ix  o f th e  iso topic  m olecules 
can be “ m a p p e d ” , i. e., F  m atrices  can  be c o m p u ted  w ith  sy s te m a tic a lly  

In  — 1
changed  values of th e in d e p e n d e n t p a ra m e te rs . In  order to  be ab le  to

perfo rm  th is  m e th o d , a sim pler re la tio n  b e tw een  all th e  p a ram e te rs  a n d  th e  
in d e p e n d e n t ones m u st be found.

L e t us suppose th a t  following th e  m e th o d  described  in  our ea rlie r w ork  
[1 ], or w ith  th e  help  o f re la tions g iven  b y  J o h a n s e n  [6 ], a m a trix  F  sa tis fy in g  
b o th  secu la r eq u a tio n s  has been fo und . L e t th e n  th e  p a ram e te rs  be ch an g ed  in  
sm all steps in  such  a w ay  th a t  the  new  m a tr ix  F  be long ing  to  these p a ra m e te rs  
shou ld  again  co rrespond  to  b o th  m olecules. L e t th e  p aram eters  belong ing  to  
m a tr ix  (7(1) be changed . M atrix

F  =  ( g « ) - i  U (1) Л » ) (U w y  (g(1 )) - 1

o b ta in ed  in  th is  w ay , obviously  rep roduces th e  frequencies of th e  f irs t m olecule 
p ro p erly , h u t  i t  m u s t be  ensured t h a t  th e  frequencies of th e  o th e r m olecule 
are also g iven b y  th is  F  m a trix . T his m eans t h a t  th e  changes in  e lem en ts  o f  
F  are o n ly  allow ed if  th e  relations

zü<2> =
n

2
M = 1

9AJ*>
QF kj

A F [)  =  0

* =  1 , 2 , . , n

( 3 >

hold, w here A F kf  is a sm all change o f th e  m a tr ix  e lem en t Fkj. U sing th e  k n o w n  
re la tio n s (e.g., [7])

~ ~  =  2L j , L ki if  к j = j  an d  =  L b
Qr kj kk

к =  1 , 2 , .  . . ,  n
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E q . (3) can  be co n v e rte d  in to  th e  fo rm :

z u p > =  2  Ц ?  A F t f  =  0
k,i=l

1 — 1, 2, .  . . , Tx

C hang ing  th e  p a ra m e te rs  in su ffic ien tly  sm all s tep s , th e  eq u a tio n

A F k j =  2
r < s = 2  ° x rs

is v a lid  in  a good ap p ro x im a tio n , an d

n n  ярО )
^ » =  2 Lf L ®  H “ «  =

/ i j = i  r < s  '

n n QlTd.)
S' У1 Lg> L<?> —14L =  0

Ä  l g  7 8«(J)
i  =  1 , 2 , . . . ,  n

T he e q u a tio n  sy s te m  consists o f n  e q u a tio n s , b u t  if  th e  p ro d u c t ru le  is 
fu lfilled  and  n — 1  frequenc ies h av e  re m a in e d  unchanged , th e  n - th  c a n n o t 
be  ch anged , e ith e r . T h u s  we can  ta k e  in to  co nsidera tion  n —1 eq u a tio n s  of 
th e  eq u a tio n  sy s tem  ab o v e , in  o rd er to  ex p ress  n  — 1  p a ram e te rs  as a fu n c tio n

o f th e  o th e r
n  — 1

2
p a ra m e te rs .

A ccording to  th is , using th e  m e th o d  o f “ m app ing” , th e  va lu es  o f th e  
p a ra m e te rs  be long ing  to  a com m on m a tr ix  F  are  to  be m odified . T he values

n  — 11
in d e p e n d e n t p a ra m e te rs  will be ch an g ed  to  ao f  one o r several o f th e

sm a ll e x te n t; th e n  th e  values of th e  fu r th e r  n  — 1 p a ram e te rs  can  he d e te rm in ed

w ith  th e  help of e q u a tio n  system  (4). T h u s  h a v in g  all the p a ra m e te r  v a lu e s ,

th e  e lem ents o f th e  follow ing m a tr ix  F  c an  be  d e te rm in ed . G oing on w ith  th e  
p ro ced u re , th e  m a tric e s  F  co rrespond ing  to  th e  sy stem atica lly  changed  values 
o f  th e  in d ep en d en t p a ra m e te rs  can  be o b ta in e d .

O ur m e th o d , w hich  is su itab le  fo r th e  d e te rm in a tio n  o f th e  m ax im u m  
a n d  m in im um  (i. e. ex trem e) values o f force c o n s ta n ts , has been  described  in  a 
p rev io u s w ork [3]. T h is process offers a p o ss ib ility  for th e  d e te rm in a tio n  o f 
th e  ex trem e values w ith  accessory co n d itio n s , n am ely  th a t  th e  force c o n s ta n ts  
h av e  to  rem ain  b e tw een  p rescribed  lim its . T h is m ethod  also p e rm its  to  fin d  
th e  ex trem e va lu es  o f th e  F  m atrices su ita b le  fo r iso topic m olecules. T he dif-
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ference as com pared  w ith  th e  process described  in [3] lies o n ly  in  th e  fa c t th a t  
now  fu r th e r  cond itio n s, nam ely  t h a t  z J /f  =  0  (i =  1 , 2 , . . . n) m u s t be 
fulfilled.

SUMMARY

It is proved that matrices F  fulfilling the secular equations of order n  of two isotopic

molecules can be formed 4  V) parameters. An equation system is given for the determi

nation of independent parameters. The given  relations permit the calculation of the common 
matrices F  belonging to systematically varied values of independent parameters and the deter
mination of the extreme values of elements of common matrix F .
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П Р О Г Р А М М И Р О В А Н И Е  Д Л Я  ЭВМ Т И П А  « У Р А Л -2» 
Д Л Я  Р Е Н Т Г Е Н О С Т Р У К Т У Р Н О Г О  А Н А Л И З А  I.

С У М М И РО В А Н И Е  Д В У Х М Е Р Н Ы Х  Р Я Д О В  Ф У Р Ь Е  

К а ф е д р а  Э к с п е р и м е н т а л ь н о й  ф и з и к и  у н и в е р с и т е т а  и м . Л .  Э т в эш а

Л. Чордаш
П о с т у п и л о  3 0  с е н т .  1 9 6 7  г .

Одной из самых больших технических проблем в рентгеноструктурном 
анализе является большой объем расчетов. Очень часто применяется сумми
рование рядов Фурье с двумя переменными и для определения электронной 
плотности в кристалле и для исследования функции Паттерсона.

Электронную плотность в кристалле можно разложить в трехмерный 
ряд Фурье, где коэффициентами ряда являются структурные амплитуды 
рассеянных рентгеновских лучей кристаллом. Функция Паттерсона сов
падает с выше упомянутым выражением за исключением коэффициентов. 
Расчет трехмерного ряда даже и на средних ЭВМ требует такую большую 
затрату времени, что обычно считается только двухмерный ряд-двухмерная 
проекция или двухмерное сечение трехмерного ряда.

Симметрия проекции зависит от пространственной группы кристалла. 
Различаются 17 плоских групп (17 различных проекций). Соответственные 
им ряды Фурье являются тоже различными, поэтому для расчетов в различ
ных плоских группах требуются отдельные программы. Построение и про
верка программы являются всегда очень трудоемкими, особенно для таких 
машин, как и Урал-2, для которой программы закодированы цифровым 
кодом в действительных адресах. Поэтому мы стремились вырабатывать 
программу, применяемую для решений различных задач.

Была выбрана плоская группа р2.  Двухмерный ряд в общем (центро
симметричном) случае имеет следующий вид:

f ( x , y )  =  A(hk) • cos 2n(hx +  ky)
h  k
0 -=°

В плоской группе p2  амплитуды A (hk) ^  A(hk) (к пишется вместо — k )» 
поэтому ряд можно делить на две части:

f ( x , y )  =  A(hk) • cos 2л: (hx -f- ky) +
h k  
0 0

+  A(hk) • cos 2л (hx — ky)
h k  
о о

2 * Acta Chim. Acad. Sei. Hung. 57, 1968
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или в другой форме:

f ( x , y )  =  2  У [ АНк) +  A (h k ) \  • cos 2 л  hx  • cos 2 л  к у — 
л “F
о о

— ^  [A (h k ) — A { h k )] • sin 2 л  hx  • sin  2 л  ку  .
h к  
О О

Для плоской группы р т т  вид ряда проще (так как A(hk)  =  A (h k )): 

/(* »  У) =  ^  ^  (ftft) • cos 2 л  hx  • cos 2 л  ку .
h к 
О О

Программа была составлена исходя из этих формул. Исходные данные: 
A (h k ) ,  A(hk),  или только A (hk) .  Максимальная величина ft равна 20, а вели
чина fcmax может быть любая (у нас было ftmax =  38).

В запоминающем устройстве машины сохраняется таблица косинусов, 
cos п  . 3° (п =  целое число), от 0° до 180°. Машина выбирает из этой таблицы 
нужную величину косинуса или синуса. «Шаг» 21л: и Ау, на которые элемен
тарная ячейка разделена, равен 3° и 6° (2я/120 или 2я/60), либо в обоих нап
равлениях, либо в одном направлении 3°, а в другом 6°.

Перед численными данными передаются машине команды о тех пере
менных, как ftmax, ftmax и соответственно им длины циклов, «шаги» Ах, Ау,  
и в случае необходимости, и добавочые команды для других плоских групп.

Основной рачет ведется по формуле f ( x y )  для плоской группы р2.  
Во-первых считается выражение

A ( h k ) ± A ( h k )

и накопляется на месте A (hk)  и A (hk) .  Первое суммирование (внутренний 
цикл) идет по ft, отдельно для к четных и нечетных индексов (х и у  постоян
ные). Если обозначим результаты первой суммы (отдельно для всех ft) через

С2п =  ^  [A (h k ) -f- A {hk) \  • cos 2 л: к у  ,
к к=2п

С2п+1 =  JÍP [A (h k ) +  A (h k ) \  • cos 2л  ку
к к= 2п+ 1

и через S2n, S2n+1 соответственно для второй части выражения (с синусами) 
тогда амплитуды второго суммирования по h (внешний цикл) равны:

^ 2 п i  ^ 2 л  +  1 

^2 п  + 1 Í  ^ 2 п
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(отдельно для четных и нечетных индексов К). Такое разделение необходимо 
для получения функций/(х, у) не только в интервалах 0°—90°, но и в интер
валах 0°—180°, 0°—360°. В результате этих процессов получаются 8 дан
ных. Их суммирование с различными знаками дает функцию/(х, у) в следую
щих точках:

f ( x , y ) ,  / ( 1 / 2  -  х , у ) ,  / ( 1 / 2  +  х , у ) ,  / ( 1  -  х , у ) ,  / ( х ,  1 / 2  -  у ) ,

/(1/2 -  х, 1/2 -  у ) ,  /(1/2 +  х , 1/2 -  у ) ,  /(1  -  х, 1/2 -  у ) .

(В действительности, х , у  не считаются в градусах, но в относительных 
единицах.) После выписывания этих величин продолжается расчет на всех х, 
(у  остается постоянной), потом суммирование начинается с начала на сле
дующую величину у .

ЭВМ «Урал-2» имеет внешнее управление, это — ключ «23». С помощью 
этого ключа (тумблер на пульте управления) меняется программа для других 
плоских групп. Например для плоской группы р т т  функция /(х , у )  имеет 
вышеуказанную формулу. Исходные данные A (h k )  и суммирование ведется 
только по косинусам. Здесь первый ключ «23» запрещает образование

A (h k )  ±  A (hk )

и второй ключ выключает суммирование по синусам.
Асимметрическая часть элэментарной ячейки на половину меньше 

вышеописанной, поэтому третий ключ командирует выписку результатов 
только в точках:

f i x ,  у ) ,  / ( 1 / 2 - X , у), / ( х ,  1 / 2  —  у ) ,  / ( 1 / 2 - X ,  1 / 2 - у ) .

Для плоской группы pgg функция/(х, у) пишется в следующей форме: 

f i x ,  у) =  У  JS ' А (к к )  • cos 2л  hx ■ cos 2 л  к у  —
h к h + k = 2 n

— ^  У  A (h k )  • sin  2л: h x  • sin  2л  к у
h к  h + k = 2 n + l

[так как при h +  к =  2л, A(hk)  =  A (h k )
и при h +  к  =  2л -f 1, A (hk)  =  — A(hk)] .

Здесь исходные данные 1/2. A(hk)  в естественном порядке h и к. Машина вна
чале перепишет амплитуды на место A (h k )  с неизменными знаками для 
Л +  /с =  2л и с  противоположными знаками для h  +  к  =  2 л -f 1.
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Образуя теперь выражение

A(hk)  ±  A (h k ) ,

на месте A(hk)  получается A (h k ) для h -f- к  =  2п  и нуль для h +  к  =  2п  -f- 1, 
а на месте A(hk)  нуль, для h +  к  =  2п  и A (h k )  для h +  к =  2 п  + 1  . Меняя 
еще несколько команд во внутреннем цикле, оставляется каждый второй 
член суммы. Позиции ключей «23» будут:

первый : включено 
второй : включено 
третий : выключено

(требуются только результаты 1—4).
С помощью такого типа управления программа пригодна для 11-ти 

плоских групп электронной плотности и для всех проекций функции Паттер
сона, и машина не выполняет много лишних операций. Переменяя несколько 
команд, мы уже использовали программу тоже и для такого ряда, как

^  У  A (hk)  ■ cos 2 л  hx  • sin  2 л  к у .
h к

Такой задачей была определение взвешенной (обобщенной) проекции элек
тронной плотности.

Результаты расчета получаются или на быстродействующей выписываю
щей машине или перфорируются на бумажную ленту (в связи с четвертым 
и пятым ключей).

Контроль за правильностью работы машины решается так, что опре
деляется функция f ( x , y )  еще в точках f ( x  =  9 6 ° ,y )  и / ( х , у  =  96°). Эти 
данные уже повторяются из-за симметрии кристалла. Значение /(О, 0) вычи
сляется с ручной машиной.

Длительность выполнения программы находится в диапазоне 5—15 
минут в зависимости от длины ряда и «шагов» Ах  и Ау.

Автор выражает искреннюю благодарность за оказанную помощь со
трудникам Вычислительного Центра Университета и д-ру Дьердь Менцел за 
ценные советы.
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Схема программы

в ы к л .

в ы к л .
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Р Е З Ю М Е

О д н о й  и з  ч а щ е  в с е г о  п р и м е н я ю щ и х с я  р а с ч е т о в  в  р е н т г е н о с т р у к т у р н о м  а н а л и з е  
я в л я е т с я  с у м м и р о в а н и е  р я д о в  Ф у р ь е .  Н а  К а ф ед р е  Э ксп ери м ент альн ой  Ф изи ки  бы ла  
вы р а б о т а н а  п р о г р а м м а  с у м м и р о в а н и я  д в у х м е р н ы х  р я д о в  д л я  Э В М  т и п а  « У р а л -2>>, н а  
м а ш и н н о м  я з ы к е  с  ц и ф р о в ы м  к о д о м . В и д  р я д а  и  с а м  р а с ч е т  з а в и с и т  о т  с и м м е т р и и  к р и с т а л л а .  
П р о г р а м м а _ п р и г о д н а  д л я  1 1 -т и  и з  в с е х  1 7 -т и  в о з м о ж н ы х  п л о с к и х  г р у п п .  И с х о д н ы е  д а н н ы е  
A (h k ) ,  A(hlc) и л и  т о л ь к о  A (h k)  и  ftmax, fcm ax. М а к с и м а л ь н а я  в е л и ч и н а  h м о ж е т  б ы т ь  20, 
а  /ст ах л ю б а я .  « Ш а г»  А х  и  А у ,  н а  к о т о р ы е  р а з д е л е н а  э л е м е н т а р н а я  я ч е й к а ,  р а в е н  2я/120 
и л и  2я/60  л и б о  в  о б е и х  н а п р а в л е н и я х ,  л и б о  в  о д н о м  н а п р а в л е н и и  р а в е н  2л/120, а  в  д р у г о м  
2 я /6 0 . О с н о в о й  п р о г р а м м ы  я в л я е т с я  и с п о л ь з о в а н и е  « ш т р и п с о в »  Б и в е р с а  и Л и п с о н а . В е 
л и ч и н ы  к о с и н у с о в  и  с и н у с о в  в ы б и р а ю т с я  и з  т а б л и ц ы ,  н а х о д я щ е й с я  в  з а п о м и н а ю щ е м  
у с т р о й с т в е  м а ш и н ы .  Р е з у л ь т а т ы  р а с ч е т а  п о л у ч а ю т с я  и л и  н а  б ы с т р о д е й с т в у ю щ е й  в ы 
п и с ы в а ю щ е й  м а ш и н е ,  и л и  п е р ф о р и р у ю т с я  н а  б у м а ж н у ю  л е н т у .

S U M M A R Y

In  s tru c tu ra l an a ly sis  b y  A'-raу d iffrac tio n , one o f th e  m o st o ften  u sed  m eth o d s o f c a l
c u la tio n  is th e  su m m atio n  of F o u r ie r  series. In  th e  In s titu te  fo r  E xperim enta l P hysics , th e  
p ro g ra m  of th e  su m m atio n  o f F o u r ie r  series w ith  tw o  v ariab les  has been  p re p a re d  in  m ach in e  
code  fo r th e  e lectron ic  co m p u te r ty p e  “ U R A L — 2” . T he form  of th e  series, a n d  c o n se q u en t
ly  also  th e  c o m p u ta tio n  are  d ep en d en t on th e  sy m m e try  of th e  c ry sta l. O f th e  possib le  17 
p la n e  groups, th is  p ro g ram  can  be used  w ith  I I  g ro u p s. S ta r tin g  d a ta  a re  A (h k ), A (h k ) o r 
o n ly  A (h k )  an d  hmax Zcmax, th e  possible m ax im u m  v a lu e  of h being  20, w hile t h a t  of fcmax is 
a rb i t r a ry .  The “ s tep s”  A x, A y , in to  w hich  th e  e le m en ta l cell is d iv ided , a re  2л/120  or 2:7 60 
e ith e r  in  b o th  d irec tio n s , o r 2л/120 in  one of th e  d irec tio n s , an d  2jr/60 in  th e  o th e r. T h e  p ro g ram  
is  b a se d  on th e  B e e v e r s — L ipso n  strip s. T he cosine a n d  sine va lues a re  se lec ted  b y  th e  m ach in e  
fro m  a tab le  s to red  in  th e  m em ory. T he o u tp u t  m ay  be p r in te d  o u t on a q u ick -p rin te r  o r  
p u n c h e d  on a tap e .
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UNTERSUCHUNG DER ELEKTRONENANREGUNGS- 
VORGÄNGE UND DER BINDUNGSVERHÄLTNISSE DER  
KOMPLEXE VON 3d" ELEMENTEN MIT DER LIGANDEN

FELD-METHODE, III.

M O N O A C ID O -, T R A N S -D IA C ID O - UN D  C IS -D IA C ID O -K O B A L T (III)- u n d  C H R O M (JII)-
K O M P L E X E

M. B á n  und J .  Császár

(P hysikalisch-C hem isches In stitu t der A ttila  J ó zse f U niversitä t, Szeged) 

E ingegangen a m  3. N o v em b er 1967

Zahlreiche F o rsc h e r b esch äftig ten  sich b e re its  m it  d er experim en te llen  
[1 — 6 ] u n d  th e o re tisc h e n  [7—9] U n te rsu c h u n g  der spek troskop ischen  E ig en 
sch aften  von  Cr3+- u n d  Co3 +-M o noac idopen taam in -, trans- u n d  cis-D iacido- 
te tra a m in -K o m p le x en . D ie hei der S y m m etriee rn ied rig u n g  von  Oh a u f  D ^ ,  
Civ, C2V in  m anchen  F ä llen  au ftre ten d e  B a n d e n sp a ltu n g  w u rd e  nachgew iesen u n d  
g ed eu te t. Solche B erechnungen  jed o ch , die bei c ts-V erb indungen  a u f  G ru n d  
der effek tiven  C2l)-S y m m etrie  erfo lg ten  oder m it H ilfe deren  die c h a ra k te r i
stischen  P a ra m e te r  d e r cis- und  iran s-D iac id o v erb in d u n g en  (X=f=Y) b e rech n e t 
w u rd en , sind  in  d er L i te ra tu r  k au m  zu  f in d e n  (s. z. B . [10]).

In  e iner u n se re r frü h eren  A rbeiten  b esch ä ftig ten  w ir u ns m it der S tru k tu r , 
der A b so rp tio n ssp ek tra , den A nregungsvorgängen  u n d  B in d u n g sv erh ä ltn issen  
von  Co3 + - u n d  Cr3 + -K om plexen  o k ta e d risc h e r (Oh) S ym m etrie  [11]. D iese 
a u f d er L iganden fe ld th eo rie  b e ru h en d en  B erech n u n g en  w urden  auch  a u f  
M oleküle von  [M e(N H 3)5X ]-, cis, Irans-[M e(en)2 X 2]-u n d  cis, trans-[Me(en)2X Y ]- 
T y p  (Me =  Cr3 + , Co3 + ) au sg eb re ite t; ü b e r die R e su lta te  w ird  n a c h s te h e n d  
b e rich te t.

Acta Chimica Academiae Scientiarum Hungaricae Tomus 57 (2), pp. 153—168 (1968)

T heoretischer Teil

a) Das d 6-Problem

F ü r  jene  K o m p lex e  (M onoacido- u n d  trans-D iacido-V erb indungen), d ie  
q u an tu m m ech an isch  m it der te tra g o n a le n  (D ih, Civ) P e r tu rb a tio n  des O k taed ers  
beschrieben  w erden  k ö n n en , is t das in  A b b . 1 d a rg es te llte  S paltschem a g ü ltig . 
F ü r  cis-K om plexe w ird  angenom m en, d a ß  sie tro tz  ih re r  form ell rhom bischen  
S ym m etrie  (C2V) p ra k tis c h  als te tra g o n a l b e h a n d e lt w erden  können  [12], so d aß  
auch  h ie r das obige S chem a der T e rm a u fsp a ltu n g  g ü ltig  is t. W enn  die te tra g o -
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n a le  P e r tu rb a tio n  k le in  is t, w as im  fo lg en d en  angenom m en w ird , m üssen  s t a t t  
1E^  u n d  XEg die lin ea ren  K o m b in a tio n en

u n d

lE i

=

1 Ä -  1£1 4- 1  -1E 2 
2  2  g

( la )

—  i E 1 — -M . 4E2 
2  s 2  g

( lb )

A b b . 1. E n erg ien iv eau -D iag ram m  u n d  die w ic h tig s te n  Ü bergänge d e r Co3+-K om plexe  m it 0 /t-
u n d  Dih(Civ)- S ym m etrie

v e rw e n d e t w erden  [13, 8 a]. Die E in e lek tro n en -B ah n en e rg ien  sind

E (a lg) =  e0 +  6 Dq  — 2Ds  — 6 Dt , (2a)

E (b lg) =  £ 0 +  6 Dq +  2Ds -  D t , (2b)

E(b.,g) =  e0 — 4D<j[ 2Ds  — D t , (2c)

E (eg) =  £0 -  4 Dq -  D s  +  4Dt , (2d)

w obei Dq das o k taed risch e  L ig a n d e n fe ld -P a ra m e te r  is t, Ds  u n d  Dt  h ingegen  fü r  
die te trag o n a le  P e r tu rb a tio n  c h a ra k te ris tisc h e  P a ra m e te r  sin d  [8 a, 14, 15]. 
U n te r  V erw endung  d e r Z u sam m enhänge  (1) u n d  (2), d er L ig an d en fe ld -P o ten 
tia le  D ih u n d  Civ [14, 15] sowie d er e n tsp re c h e n d en  M eh re lek tro n -W ellen fu n k 
tio n e n  [13] ergeben  sich  fü r  die e inzelnen  Z ustän d e  die fo lgenden  E n e rg ieau s
d rü ck e  :
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£ ,( + % )  =  -  24Dq +  U D t , (За)

£ ,( !£ + )  =  -  1 4 %  +  21/4D t , (ЗЬ)

Ei(xA u ) =  -  1 4 %  +  1 4 D t , (3c)

E , ^ B 2g) =  -  1 4 %  -  4D s +  9D t , (3d)

Ei^Eg)  =  -  1 4 %  +  2D s  +  31/4D t . (3e)

Im  w eite ren  w erden  auch  noch  die die gegenseitige W echselw irkung d er 
E lek tro n en  besch re ib en d en  E n erg ieau sd rü ck e  b e n ö tig t. D iese erh ä lt m an  aus 
den  diagonalen  E lem en ten  [17] der en tsp rech en d en  e lek tro s ta tisch en  M atrizen
[16]:

E e(k % )  =  5 5  +  8 C , (4a)

E e(1T ls ) =  5 B  +  7C , (4b )

E + T 2g) =  2 1 В  +  7 C . (4c)

So e rh ä lt m an  fü r  die einzelnen E lek tro n en ü b e rg än g e

r?(I) =  4E+ 4-  i A lg =  10Dq -  35/4Dt -  C , (5a)

r? (II)  = , 1A n  4-  i A lg =  10Dq -  C  , (5b)

v*(l) =  1B 2g 1A 1Ü =  1 0 %  -  4D s -  5Dt  + 1 6 В  - C ,  (5c)

r* (II) =  ' E J  « - + %  =  1 0 %  +  2D s -  25/4D t  + 1 6 В  -  C . (5d)

F ü r  den  o k taed risch en  P a ra m e te r  e rg ib t sich

Dq =  l / 6 -R4(*y,z) . (6 )

F ü r  M onoacido- u n d  iran s-D iac id o v erb in d u n g en  e rh ä lt m an  fü r die P a ra m e te r  
Ds  u n d  Dt  [14, 15]:

{ D s  =  l / 7 [ 2 % ( * y )  -  В Д  -  % ( * ) ]  , (7 )

4B [Dt =  l/21 [2Ä 4(*y) -  «*(*) -  О Д ]  , (8 )

П ( X  — V I iDs =  2 / 7 ^ 2(^ j)  -  ^ 2(z)] » (9)
4Л ’ {Dt =  2 / 2 1  [ а д )  - а д ] ,  ( io )

w äh ren d  im  F alle  von  cis-V erb indungen  d er spezifisch  fü r  ^2v -S ym m etrie  
e rh a lten e  Z u sam m en h an g  [14] auch zum  A u sdruck  v o n  Dt v erw endet w ird :

Dt =  l/168 [19Ä 4(*y) -  ЗД;(*у) -  8 % (z) -  в а д ) ]  . (11)
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R ,(xy ,  Z )  =  8/45 • e • e G i , (12)
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w obei e,e,  bzw. Z  die L a d u n g  des L ig an d s, des E lek tro n s u n d  des Z en tra lio n s ,

3o0

u n d

G' = f  -e-2fr-dr (14)
J  r >
о

is t.
L a u t  u nserer E rfa h ru n g e n  w ird  vf b e i Co3+-K om plexen  nie a u fg esp a lte t, 

d o ch  k a n n  vf bei M onoacido-, (rans-D iacido- u n d  m an ch m al sogar bei cis- 
D iac id o v erb in d u n g en  in  zwei K o m p o n en te  aufgelöst w erden . B eim  S p a lten  
o d e r n ic h t S palten  von  v* g e s ta lten  sich die en tsp rech en d en  P a ra m e te r  fo lgend : 

F ü r  den W ert von  Dt  e rg ib t sich u n te r  B erücksich tigung  v o n  (6 ) fü r  alle 
d re i V e rb in d u n g sg ru p p en

(13)

Dt  =  4/35 [vf (0,,) — vf  ( / ) ] , (15)

w en n  vf (I)  und  vf ( I I )  g e tre n n t w erden  kö n n en . Falls n ic h t, d .h . vf (I) — 
=  v f  (II)  =  (v£), d an n  is t

D t  =  8/35[г*(О л) — vf] . (16)

D s  k a n n  s te ts  au f G ru n d  des Z usam m en h an g s

Ds  =  5/24 Dt  (17)

b e re c h n e t w erden.
B eim  S palten  v o n  v f  ergeben  sich  die folgenden W erte  fü r  Dq:

Civ : Dq(z) =  Dq(Oh) -  2/5[r*(0„) -  v f( l)]  , (18)

D ih( X  =  У ) : Dq(z) =  Dq(Oh) -  l/5[v*(0„) -  r*(I)] , (19)

C2v : Dq(z) =  Dq(Oh) -  2 8 / l l ü i  . (2 0 )
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W enn  r f  n ich t au fg e lö st w erden  k a n n , d an n  s te h t in  (18) 4/5 s ta t t  2/5, u n d  in  
(19) 2/5 s ta t t  1/5. W enn  bei trans- bzw . cis-V erb indungen  X  ̂  Y  is t , so e rgeben  
sich  die fo lgenden W erte :

Dq(z)
4Dq (Oh) -  7 Dt -  2 Dq(z')

2
( 21)

u n d

Dq' (Xy) =  ШЦОЛ -  MM«) -  28Л» §

Dq{z) =  U Dq(Oh) - 3Dq' {xy) -  2RDt

( 22)

(23)

D er P a ra m e te r  C k a n n  s te ts  aus dem  Z usam m enhang

C =  1 0 Dq(Oh) -  4 (H ) (24)

e rh a lte n  w erden , w äh ren d  В  a u f  G ru n d  der F o rm eln  (5c) u n d  (5d) sow ohl fü r  
M onoacido- als au ch  fü r  trans-  u n d  cis-Y erb indungen  aus dem  Z usam m enhang

В  =

b e rech n e t w erden  k an n .

6 r f  — 60Dq(Of)  +  6 C - f  35D t  
96

iff 10Dq (Oh) +  C(Oh) +  5D t  +  4Ds

16
(25)

b)  Das d^-Problem

Die m a th em a tisch e  B eh an d lu n g  der bei d iesen  V erb in d u n g en  a u f tre te n 
d en  P rob lem e is t seh r äh n lich  wie die der v o ran g eh en d  d isk u tie rte n  P ro b lem e. 
D er U n tersch ied  b e s te h t d a rin , d aß  im  T erm schem a (A bb. 2) Q u a d ru p le tt-  
Z u stän d e  vorliegen , d e r G ru n d te rm  die S ym m etrie  4B lg b e s itz t, fe rner d aß  fü r  
den  o k taed risch en  F a ll die R eihenfo lge von  u n d  4T 2g u n d fü r  den  te t r a -  
gonalen  F all die d er e n tsp rech en d en  S p a ltp ro d u k te  v e r ta u sc h t is t. D ie Dt-  
W erte  in  V erb in d u n g  m it d er te tra g o n a le n  P e r tu rb a tio n  sind  m it den fü r  F a ll 
d 6 angegebenen  id en tisch  (F o rm eln  15 u n d  16).

Als ein w esen tlich er U n te rsch ied  is t zu e rw äh n en , d aß  sich bei e in igen  
trtm s-D iacido-C r3+-K o m p lex en  au ch  v f  sp a lte t, u n d  die d ab e i zu e rw arten d en  
E lek tro n en ü b e rg än g e  fo lgend besch rieben  w erden  k ö n n en :

=  hEg+ , 4R ^  t í lg =  10Dq -  35/4D t , (26a)

r f ( I I ) =  VB2g ^  n lg =  10 D q , (26b)

*S( I) =  4 A  og , 4 P ^  U1 g =  16 Dq +  12 В  — 4D s — 5 D t , (26c)

-4 (1 1 ) . 4  7?Big =  10 Dq +  12 В  +  2 Ds —  25/4Dt . (26d)
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F a lls  sich v* n ich t s p a l te t ,  k a n n  Ds  m it d er F orm el (15), u n d  w enn die Lage 
v o n  v*(I) und  »*(11) b e s tim m t w erden  k a n n , m it der F orm el

D s
4[r* ( I I ) - » * ( ! ) ] +  5Dt 

24
(27)

A bb . 2. T erm schem a der Cr3+ -K om plexe  m it Ол- sowie D ^ C ^ - S y m m e tr ie ,  m it  d en  w ich tigsten
Übergängen

b e re c h n e t w erden. F ü r  Dq(z) u n d  Dq(xy)  sind  die fü r die en tsp rech en d en  
S y m m etrien  abg e le ite ten  G leichungen (18) — (23) die b e tre ffen d en  F es ts te llu n 
gen  g ü ltig . U n ter V erw en d u n g  von  (26c) u n d  (26d) is t

4у* (II)  +  2p* (I) -  60Dg (Oh) +  35Dt 
72

2[r* ( I I )  -  v* (I)] +  [v* (I) -  Vf (Qft)J 
36

(28)

W e n n  r*(I) =  i’f ( I I )  =  (r*), d an n  is t a u f  G ru n d  von  (15,) (16) u n d  (17), ab er 
a u c h  aus (28)

в  =  v* ~  1 0 (Q/,) +  4Ds +  5Dt 
12

(29)

D iskussion

D ie spek tra len  D a te n  ein iger M onoacidopen taam in -, irans-D iacido- 
(X  =  Y ) ,  c is-D iacido-(X  =  Y ) ,  trans- bzw . c is-D iacido-(X  Y) V erb indungen  
sow ie die aus diesen D a te n  b e rech n e ten  ch a rak te ris tisch en  P a ra m e te r  sind in 
d en  T abellen  I —V zu sam m en g efaß t.
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A u f G rund d er zah lre ichen  Y ersuchsda ten  k a n n  fe s tg e s te llt w erden , d aß  
bei den  M onoacido-, trans-D iacido-C o3+- u n d  -C r3+-V erb indungen  in  d er 
überw iegenden  M ehrzah l d er F älle  v* g u t au sw ertb a r a u fg e sp a lte t oder zu m in 
d est so s ta rk  d e fo rm ie rt w ird , daß  die B estim m ung  d er L age d e r beiden  K o m p o 
n e n te n  r*(I) u n d  r? (II)  — ev en tu e ll m itte ls  K u rv en an a ly se  — keine Schw ierig
k e it v e ru rsach t. B ei Co3+-K om plexen  liegen r f ( l l )  u n d  die B ande r* [1T lg •*— 
1A ig] d e r G ru n d v erb in d u n g en  e in a n d e r sehr n ah e . D ie B an d e  i f ( I )  is t dem  
Ü berg an g  •<— 1 zu g eo rdne t. r* (I) u n d  i 'f ( l l)  k ö n n e n  g u t un te rsch ied en  
w erden , w enn die L age von  X  (Y )  in  der spek tro ch em isch en  R eihe d er 
o k taed rischen  K om plexe  von  der v o n  N H 3 (oder v o n  »en») w esentlich  
versch ieden  ist. F a lls  d ieser U n te rsch ied  klein is t, k a n n  bloß eine V er
b re itu n g  von v* b e o b a c h te t w erden . Bei c is-D iac idoverb indungen  k a n n  
v* m it g u te r A n n äh eru n g  als sy m m etrisch  b e tra c h te t  w erden .

T abelle  I a

Spektraldaten und  berechnete Parameter der K om plexe vom T y p  [C o(N H 3)5X ]n+ und
[C r(N H 3)5X ]"+

No. x •7(1) -KU) D4 Dl Ds В ß

l. c i- 18 720

a) C 

21 400

о3+ -V erb indungen  

27 500 1566 266 55,4 500 0,47
2. H 20 20 500 30 400 2058 126 26,3 630 0,59

3. O H - 19 000 21 050 27 100 1678 234 48,8 463 0,43

4. N C S - 20 600 27 150 2138 103 21,5 419 0,38

5. N 0 2- 21750 30 800 3058 — 160 — 33,3 551 0,52

6. B r“ 18 220 21 800 ? 1366 323 67,3 — —
7. F - 19 450 21 800 28 270 1858 183 38,1 518 0,49

8. S O " 20 500 22 250 28 000 2278 63 13,1 457 0,43

9. N 3 19 320 27 150 1114 395 82,2 525 0,49

10. C N - 22 700 30 600 3818 — 377 — 78,5 459 0,43

11. C I- 19 400

b)

22 100

r 3 + -Verbin 

26 620

düngen

1310 240 50,0 543 0,57

12. B r - 19 050 21 800 26 500 1170 280 58,3 553 0,58

13. J - 18 500 21 500 — 949 343 71,5 — —
14. H 20 19 360 22 280 27 820 1292 245 51,0 646 0,68

15. O H - 18 320 21 080 25 850 879 363 75,6 539 0,57

16. N C S - 20 350 ~ 2 7  000 1229 263 54,8 586 0,62

17. O N O - 20 730 ~ 2 6  800 1534 176 36,7 527 0,56

18. NF 20 080 22 850 ~ 2 7  210 1583 162 33,8 471 0,50

a M it A usna im e v o n  ß  sind  säm t iche W erte in cm -1 angegeben .
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W äh ren d  bei Co3+-V erb indungen  die A u fsp a ltu n g  v o n  r l  in  keinem  ein
z igen  F a ll vo llständ ig  e in d eu tig  nachgew iesen  w erden  k o n n te , is t  die A ufspal
t u n g  d ieser B ande be i e in igen  ir<m s-D iacido-Cr3 + -K om plexen  [18] m it S icher
h e i t  fe s ts te llb a r. H ie r k ö n n en  r? (I)  u n d  t 'J (II)  den Ü b erg än g en  (26c) u n d  (26d) 
z u g e o rd n e t w erden; die In te n s i tä t  v o n  r J ( I I )  is t im  a llgem einen  k le iner als die 
v o n  r* (I).

A u f G rund d er gem essenen  bzw . b erech n e ten  Dq  u n d  ß -W er te  können  
f ü r  M onoacidoverb indungen  die fo lgenden  sp ek trochem ischen  u n d  nephe- 
la u x e tisc h e n  R eihen au fg es te llt w erden :

C o-i ~ - V erh indungen

Dq: CN-  >  N 0 7  >  S O ~  >  N C S-  >  H 20  >  C3H 50 2-  >  F “  >  N 0 7  >

MC1A II и I \
>  T F A  >  O H -  >  S O r -  >  СО Г-  >

DC1A
TC1A

M BrA
D B rA

>  O C H O -  >

>  С Г  >  СН 3СО.Г >  N H 2C0.7 >  S2O r -  >  C20 4- -  >  B r“  >  N 7  >  J -  >  P 0 43

ß : NCS- <
CNj -  ! e r
s o r -  <  СоОГ
O H S.,0г'-'з

/ 1 c 3H 5o r
;С О Г-

<  L -  <  N O r  <
I rN3

MC1A, N H ,C 0 7
<  I CH 3CO7 , O C H O " <

I NO.;

] P O 3 - , DC1A, D B rA , 
M B rA , TC1A <

s o r -
T F A

<  H 20

C r 3 + -V erb in d u n g eii:

D q :  N r  >  O N O -  >  С.Г >  H 20  >  NCS-  >  B r-  >  J -  >  O H ~ 

ß : N r  <  O N O -  <  O H -  <  С Г  <  B r-  <  N CS-  <  H 20

W e n n  die b e rech n e ten  W erte  m it den  en tsp rech en d en  P a ra m e te rn  der G ru n d 
v e rb in d u n g en  [19, 20] verg lichen  w erden , f in d e t m an  eine sich ändernde  
Ü b ere in stim m u n g .

D er fü r [Co(H 20 ) 6]3+ b erech n e te  10Dg W ert von  20,650 c m - 1  s tim m t m it dem  
fü r  [Co(N H 3)5H 20 ] 3+ e rh a lte n e n  fa s t  v o lls tän d ig  üb ere in , w äh ren d  derselbe im  
F a lle  von  [Co(NH 3)sC N ]2+ in n e rh a lb  von  6 %  zu liegen k o m m t. Die A bw eichung 
is t  z. B. bei den C 0 3 , N 0 7  u n d  C20 4 e n th a lte n d e n  V erb in d u n g en  bere its  
b e trä c h tlic h e r  (25, 23 bzw . 4 3 % ), w as teilw eise auch  d a m it e rk lä r t w erden  
k a n n ,  daß  C 0 3 u n d  C20 4 als zw eizähnige L iganden  in  d en  en tsp rech en d en  
G ru n d v e rb in d u n g en  g ebunden  sind .

In  den Co3+-K o m p lex en  d e r a lip h a tisch en  M onocarbonsäu ren  [21] is t 
d e r  P o la risa tio n sg rad  d er Co — О B in d u n g en  n ic h t gen au  b e k a n n t, doch is t
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T abelle  I I

Spektraldaten  u n d  berechnete P aram eter der K om plexe vom T y p  [C o(N H 3)4X 2]n +

N o. x a *í(i) •7 (H ) V*2 D i Dt Ds В ß

19. H 20 19 530 28 000 1890 347 72,3 561 0,53
20. C I- 15 880 21 050 24 950 1464 591 123,1 459 0,43
21. N O “ 22 730 ~ 2 8  850 3170 — 384 — 80,0 348 0,33

22. NJT 17 650 ~ 2 5  250 1138 777 161,9 546 0,51

23. T FA 17 900 22 000 28 170 1868 360 75,0 576 0,54

24. MC1A 18 020 21 800 27 620 1892 346 72,1 537 0,50

25. DCIA 17 920 21 800 27 860 1872 358 74,6 556 0,52

26. TCIA 17 760 21900 28 010 1840 376 78,3 572 0,54

27. D B rA 17 950 21 800 27 780 1878 354 73,8 550 0,52

a T F A  =  T rif lu o rac e ta t; MC1A =  M o n o ch lo race ta t; DC1A =  D ic h lo ra ce ta t; TCIA =  
T ric h lo ra c e ta t; D B rA  — D ib ro m aceta t.

T abelle  I I I

Spektraldaten u n d  berechnete L igandenfeld-P aram eter der K om plexe vom T y p  
trans- [Co(en)2X 2] u n d  -[C r(en)2X 2]

a) Co3 + -V erb in d u n g en

N o. X v t( I ) - t ( H ) f  2 Dq Dt Ds В ß

28. ci- 16 200 22 480 25 850 1483 600 125,0 494 0,46

29. H ,0 18 200 22 500 29 120 1883 371 77,3 615 0,58

30. B r - 15 250 21 720 26 120 1293 709 . 147,7 550 0,52

31. N C S - 19 730 29 720 1845 393 81,9 660 0,62

32. F - 17 200 22 640 27 620 1683 486 101,2 563 0,53

33. он- 19 000 26 300 1553 560 116,7 507 0,48

34. T F A 18 170 22 900 28 400 1877 375 78,1 571 0,54

35. MC1A 18 380 22 420 28 090 1919 351 73,1 543 0,51

36. DCIA 18 270 22 620 28 170 1897 363 75,6 552 0,52

37. TCIA 17 970 22 840 28 410 1837 398 82,9 580 0,54

38. D B rA 18 260 22 570 28 170 1895 364 75,8 553 0,52

b) C r3 + -V erb indungen

No. X -♦(I) - ! (H ) -1(1) Dq D, Ds В ß

39. c i - 17 550 21 880 25 380 27 720 1329 486 491,0 664 0,70

40. B r - 16 780 21 790 24 850 26 980 1175 574 475,0 651 0,69

41. O H - 18 250 19 900 25 250 30 300 1469 406 926,0 765 0,81

42. H 20 19 700 22 780 27 700
1

1760 240 50,0 608 0,64
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an zu n eh m en , daß  e r  sich  para lle l m it d er P o la r i tä t  d er H —О B indungen  in  
d e r en tsp rech en d en  S äu re  ä n d e rt, w elche ih re rse its  q u a lita tiv  in  d er G röße 
d e r p K -W erte  zum  A u sd ru ck  k o m m t. D ie im  E in k lan g  d a m it b e rech n e ten  Dq-  
W e r te  ändern  sich fa s t  lin ear m it den  p K -W e rte n  d er S äure [21]:

TCIA DC1A MC1A M BrA C H O 7 C H 3CO7

0,70 1,30 1,85 1 , 8 6 3,75 4,76
1610 1610 1594 1594 1578 1554

E s soll jedoch  b e m e rk t w erden, d aß  d ieser Z u sam m en h an g  n ic h t v e ra llg e 
m e in e r t w erden k a n n  u n d  z. B. fü r  die k o m p lex b ild en d en  A nionen  d er s ta rk e n  
S ä u re n  n ich t g ü ltig  is t .

E in  V ergleich d e r  D a ten  von  e n tsp rech en d en  Co3 + - u n d  Cr3 +-V erb in d u n - 
gen  ze ig t, daß die R ic h tu n g  der Ä n d eru n g  d er Dq-W erte  im  großen  u n d  gan zen  
g leich  is t, doch s in d  die W erte  fü r  Cr3+-V erb indungen  s te ts  k le iner. D ie 
D g(H 20 )  und  Dg(NCS) W erte  u n te rsch e id en  sich k au m , w as d a ra u f  sch ließen  
lä ß t ,  d aß  in  den K o m p lex en  M e—S B in d u n g en  vorliegen , da  im  F alle  e in e r 
Me — N  B indung ein  b ed eu ten d  h ö h ere r Dq-W ert zu e rw arten  is t.

A uch bei den  trans -V erb indungen  is t fa s t  ausnahm slos die S p a ltu n g  v o n  
v* zu  b eo b ach ten . D ie fü r  trans- [C o(N H 3)4X 2]- u n d  iraras-[Co(en)2X 2]-V erb in - 
d u n g e n  au fs te llb a ren  Dq- und  |3-Reihen sind  wie fo lg t: 
T e tra a m in -V erb in d u n g e n :

Dq: N 3-  <  С Г  <  TC1A <  T F A  <  DC1A <  D B rA  <  H 20  <  MC1A <

<  CH 3C 0 7  <  N 0 7

ß: N 0 7  <  С Г  <  C H 3C 0 7  <  MC1A <  N 7  <
DC1A
D B rA <  H 20  <

T F A  i

t c i a |

»en«-V erb indungen:

Dq: B r“  <  С Г  <  O F T  <  F “  <  TC1A <  N CS“  <  T F A  <  H ,0  <  D B rA  <  

<  DC1A <  MC1A <  C H 3CO7  <  N H 3

ß-- e r  <  0 H ~  <  N H 3 <  CH 3C0 2“  <  MC1A <
В Г
DC1A
D B rA

T FA
TCIA

<  H 20  < N C S ~

< F ~ <

W ie ersich tlich , s t im m t die R eihenfolge d er L iganden  bei den  beiden  G ru p p en  
in  g roßen  Zügen ü b e re in , u n d  fü r die »en« K om plexe is t Dq u m  e tw a  2 %  
g rö ß er, ähnlich  w ie fü r  die en tsp rech en d e  G ru n d v erb in d u n g . Bei den trans-  
[C r(en)2X 2]-V erb indungen  sind in  ein igen F ä llen  u nzw eife lhaft auch  fü r  v*
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Tabelle IV

Spektraldaten u n d  Ligandenfeld-Param eter der cis-Co3+- u n d  cis-Cr3+-K om plexe

No. X »r A D t D s D q В ß

43. n o 2- 22 500

Kom plexe v om  T yp 

—  331

[C o(N H 3) 

— 68,9

Ä ]

3341

44. H 20 20 000 28 000 +  240 +  50,0 1887 522 0,49
45. N 3 18 570 • — 567 118,1 1055 — —

46. F - 19 100 27 300 446 92,9 1363 553 0,52

47. N O 3- 19 500 —28 530 354 73,8 1597 597 0,56
48. T FA 19 500 27 830 354 73,8 1597 553 0,52

49. TC1A 19 460 27 700 363 75,6 1574 548 0,51

50. DC1A 19 310 27 620 398 82,9 1485 556 0,52

51. D B rA 19 270 27 590 407 84,8 1462 557 0,52

52. M BrA 19 160 27 550 432 90,0 1399 564 0,53

53. MCI A 19 120 27 550 441 91,9 1375 567 0,53

54. C N -

b

24 730

• K om ples 

32 370

.e vom  Т у 

— 750

p [Co(en)2 

— 156,2

X J

4442 409 0,39

55. n o 2- 23 000 — — 354 — 73,8 3434 — —

56. N C S - 20 370 — +  247 +  51,5 1904 — —

57. H 2o 20 200 28170 286 59,6 1805 524 0,49

58. T FA 20 200 28 400 286 59,6 1805 539 0,51

59. TC1A 20 090 27 700 311 64,8 1741 504 0,47
60. DC1A 20 060 27 700 318 66,3 1724 507 0,48

61. D BrA 20 060 27 700 318 66,3 1724 507 0,48

62. MC1A . 19 920 27 660 350 72,9 1642 516 0,48

63. O H “ 19 330 27 000 485 101,0 1298 524 0,49

c) K om plexe vom  T y p  [Cr(en)2X 2]

NO. X -f(I) »•(II) D t D s D q В ß

64. c i - 18 970 21 850 24 950 323 67,3 1358 420 0,44

65. B r - 18 400 21 500 24 150 389 81,0 1190 385 0,41

66. « Г 19 650 21 150 —25 150 246 51,3 1554 399 0,42

67. NCS“ 20 620 — 26 800 270 56,3 1493 548 0,58

68. O H - 19 080 21 900 26 550 311 64,8 1389 547 0,58

69. H 20 20 650 27 280 263 54,8 1511 585 0,62

70. F - 19 120 21 980 26 880 306 63,8 1401 572 0,60

3 *  Acta Chim. Acad. Sei. Hung. 57, 1968.



A nzeichen  eines zu sam m en g ese tz ten  C h a ra k te rs  zu b eo b ach ten . D ie fü r  diese 
V erb in d u n g en  b e rech n e ten  D s-W erte  s in d  seh r hoch, und  n ä h e rn  die Dq-W erte  
a n . D ie V erzerrung , d . h . die T ren n u n g  d e r Z u stän d e  A42gu n d  is t erheb lich , 
w as au ch  durch  B erech n u n g  der E in e lek tro n en -B ah n en erg ien  b e s tä t ig t  w urde . 
D ie  E nerg ied ifferenz  E (dxt_yi) — E (d zn) f ä l l t  bei diesen V erb in d u n g en  in  den 
B e re ich  von 4000 bis 6000 c m -1 , w äh ren d  sie bei den ü b rig en  V erb indungen  
— w o r f  n ich t a u fg esp a lte t w ird  — 2000 c m - 1  n ich t ü b e rsc h re ite t. Dq  u n d  ß  
ä n d e rn  sich n ach  d er fo lgenden  R eihenfo lge:

Dq: H 20  >  O H -  >  С Г  >  B r“  

ß: H .,0 <  B r“  <  CI“  <  O H “

U n te r  V erw endung  d er fü r  M onoacido-K om plexe e rh a lte n e n  P a ra m e te r  
w u rd e n  auch  die D q ^  u n d  D g ^  W erte  d e r  V erb indungen  v o n  trans-[M e(en ) 2 

X Y ]-T y p  berech n e t. Im  überw iegenden  T eil d er Fälle e rg ab en  sich  auch  h ier 
D q -W erten  die die fü r  M onoacido- bzw . tr<m s-D iacido-(X  =  Y )-K om plexe 
e rh a lte n e n  a n n ä h e rte n . D ie D g-Reihe fü r  Co3 +-K om plexe is t wie fo lg t:

J “  <  B r“  <  С Г  <  N C S“  <  H 20  <  N H 3 <  N 0 2“

Bei den cis-V erb indungen  w ird  v \  n ic h t  au fg esp a lte t, u n d  im  allgem einen 
a u c h  v f  n ich t, doch k a n n  bei einigen Cr3+-K om plexen  eine V e rb re itu n g  von  vf  
b e o b a c h te t w erden , u n d  dies re c h tfe r tig te  die T rennung  d ieser B an d e . F ü r  die 
»en« V erb indungen  s ind  die Dt-  u n d  D s -W e rte  n iedriger, h ingegen  die von  Dq, 
В  u n d  dem zufolge au ch  von  ß  u n d  d°/0 in  je d e m  der F älle  h ö h er, als fü r  die 
e n tsp re c h e n d en  N H 3-V erb indungen . A u f G ru n d  der von  u n s  b e rech n e ten  
D a te n  können  fü r  Dq  u n d  ß  die fo lgenden  R eihen  au fgeste llt w erden :

c i s - [C o(N H 3 )4X 2]-V erb indungen :

Dq: N 0 7  >  en  >  H 20  >  C2O l “  =  N 0 7  =  T F A  >  TC1A >  O C H O “  =

=  glyH  =  l-oc-al DC1A D B rA  M BrA  >  MC1A 7> C H 3CO~ =

=  F “  >  N 7

en , TC1A, T F A , D B rA ,
ß:  H 20  <  O C H O “ , g lyH , <  DC1A, F “ ,

1-a-al C H 3C 0 2“

N ach un seren  B erechnungen  fü r  c is - (X  ̂  Y )-V erh indungen  liegen die 
Dq  V)- u n d  Dqm -W erte  in  d er N ähe d er fü r  die vorangehende V e rb in d u n g sg ru p 
pe  (X  =  У) b e rech n e ten ; die D g-R eihe is t:

N H 3 >  P y  >  E ta  >  N C S“  >  H 20  >  CI“  >  B r“  >  J “
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Tabelle V
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Spektraldaten u n d  L igandenfeld-Param eter der Co3+- u n d  Cr3+ -D iacidotetraam in-K om plexe
vom T y p  ( У ф Х )

No. Xе v «7(i) ,;<H) «•? Dt Ds D,(X)‘ Dq(Y)e В ß

71. c i - N H 3

a) V erbi 

18 900

ndungen 

22 070

vom  T yp 

27 770

t r a n s -

291

Co(en),

60,6

X V ]

1549 2482 501 0,46
72. B r - N H 3 18 370 22 130 — 352 73,3 1336 2466 — —

73. J - N H 3 17 400 21 870 — 463 96,5 948 2479 — —

74. c i - H 20 18 120 22 370 26 810 381 79,4 1675 2167 474 0,44

75. H 20 N H , 20 750 22 370 29 330 80 16,7 2288 2728 522 0,49
76. c i - n o 2“ 20 830 — 142 29,6 1511 3003 — —

77. B r - NO-T 20 600 — 194 40,4 1329 3021 — —

78. N C S - N H , 19 685 22 300 ~ 3 1  450 202 42,1 1861 2221 699 0,65

79. C I- NCS“ 17 900 21950 ~ 3 1  350 406 84,6 1507 2079 767 0,72

80. c i - N H 3

b )  Verl 

18 970

dndunge  

21 870

n vom  Т у  

27 400

P

283

jo (en )2!

59,0

CY]

1556 2470 475 0,45
81. c i - E tA 18 970 21 600 27 270 283 59,0 1556 2470 467 0,44
82. c i - P y 19 030 21 530 27 170 277 57,7 1577 2526 459 0,43
83. H ,0 c i - 19 270 — 26 600 249 51,9 2024 1476 413 0,39
84. N C S - C I- 20 530 ~ 3 2  360 210 43,8 2161 1626 — —

85. B r“ N H 3 18 530 21 700 27 250 334 69,6 1252 2528 484 0,45
86. B r“ E tA 18 370 21 350 — 352 73,3 1314 2359 — —

87. B r“ P y 18 370 — — 352 73,3 1314 2359 — —
88. B r~ NCS“ 19 920 ~ 3 1  850 350 72,9 1456 2378 — —

89. N H 3 H 20 20 790 29 240 75 15,6 2449 1926 514 0,48

90. H 20 N C S -

c) V erbindungen 

19 920

v om  T yp 

~ 2 5  090

t r a n s -

430

[Cr(en)2X Y ] 

89,6 1 1626 1563 483 0,51

d )  V erb indungen  v o m  T y p  cis- [C r(en)2X Y ]

91. H 20 N C S - 20 040 ~ 2 5  150 402 83,8 964 1106 475

92. CI“ NCS— 19 960 ~ 2 5  090 421 87,7 789 1033 : 479

a )  E tA  =  Ä th y lam in ; P y  =  P y rid in ; b)  bei « '« -V erb indungen  m it Form el (23) u n d  
c) bei e is-V erb in d u n g en  m it F o rm el (22) b e rech n et.

Die Dt- u n d  D s-W erte , die im  w esen tlichen  ü b e r  die te trag o n a le  V e rz e r
ru n g  A ufsch luß  geben , än d ern  sich gem äß  d er e n tsp re c h e n d en  F orm eln  lin e a r  
m it Dq  (A bb. 3). A us den fü r M onoacido-, Irans- u n d  c is-D iacido-V erb indungen  
b e rech n e ten  W erte  is t ersich tlich , d aß  ein  u n d  derselbe L igand  bei den  trans-  
V erb indungen  die g röß te  V erzerrung  u n d  dem zufolge die A ufsp a ltu n g  des
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E n erg ien iv eau s  h e rv o rru f t, w äh ren d  diese W irk u n g  bei M onoacidoverb indun- 
gen  d ie  geringste  is t. B ei V erb in d u n g en  v o m T y p  (X=f=Y) fä llt au ch  das a r ith m e 
tis c h e  M itte l von  D q u n d  D (/v) genau  a u f  die Gerade D q— D t  d e r G lieder 
d e r  en tsp rech en d en  G ruppe . D as G esagte g ilt au ch  fü r die Cr3 +-V erb indungen , 
s te ts  is t  die R eihenfolge

Dq(trans) <  Dq(cis) <  Dg(M onoacido)

id e n tis c h  in  bezug  a u f  X ( Y ) .  D ie zu D t =  0 (keine V erzerrung , X  =  Y  =  N H 3) 
g eh ö rig en  W erte  2510 u n d  2160 c m - 1  geben  bei Co3+- und  Cr3+-V erb indungen
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A b b . 3. D er D g—D s-Z u sam m en h an g  fü r M o n o ac id o p en taam in -(-o -), tra n s-(-0 -)  u n d  cis(-a -)
D iacido-C o3+-K o m p lex e

m it  g u te r  Ü b ere in s tim m u n g  die Dq- W erte  d e r H exaam in  v e rb in  d ü ngen  (2498 
u n d  2150 c m -1).

M it den F o rm e ln  (2a) —(2d) k ö n n e n  die E in e lek tro n en b ah n en erg ien  
b e re c h n e t  w erden . E in ige  der fü r  Co3 + -M onoacidoverb indungen  e rh a lten en  
c h a ra k te ris tisch e n  W erte  sind  in  T abelle V I a n g e fü h rt. H ier, w ie au ch  bei allen 
ü b r ig e n  V erb in d u n g sg ru p p en , sind  die E n erg iew erte

dxi_yz dz2 dXZtyZ tlyy

d o c h  ä n d e rt sich b e i NO^~- u n d  CN “ -V erb indungen  die R eihenfo lge der 
N iv e a u s :

dz2 >  dx2_ ya >  dxy ^>dxzyz
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D iese Ä nderung  e n tsp r ic h t der r e la tiv e n  F e ld s tä rk e n ä n d e ru n g  der p la n a r  u n d  
a x ia l an g eo rd n e ten  L iganden.

T abelle  V I

Berechnete E inelektronen-Bahnenergien e in iger M onoacidopentaam in-C o3+-K om plexe ( in  cm - 1 )

X dx  2 -  у 2 dz2 — dxy dxz.yz

J - 5 541 2 985 4119 2 203

N r 6 453 4 150 4 687 2 958

B r- 8 008 6 123 5 652 4 239

ox 8 476 6 714 5 944 4 623

c o r - 9 685 8 249 6 695 5 619

Cl~ 9 241 7 689 6 419 5 255

O H - 9 932 8 566 6 848 5 825

N o r 10 425 9 194 7 155 6 232

F — 11 041 9 974 7 539 6 738

H 20 12 275 11 539 8 305 7 754

N C S~ 12 768 12 167 8 612 8 162

w О “ 
1 1

13 631 13 264 9149 8 873

N O r 18 441 19 375 12 139 12 839

C N ~ 23 138 25 327 15 052 16 702

Z U SA M M E N F A S SU N G

E s  w ird  ü b e r d ie  E le k tro n en a n reg u n g sv o rg än g e  u n d  die E le k tro n en an reg u n g s-A b so rp 
t io n s sp e k tre n  von  M onoacidopen taam in-, tra n s-  u n d  e is-D iac ido te traam in-C o3+- u n d  -C r3+- 
K o m p lex en  b e r ic h te t  u n d  eine B erech n u n g sm eth o d e  d e r aus diesen ab le itb a ren  L ig an d en fe ld - 
P a ra m e te r  m itg e te ilt . A u f G rund  der b e re c h n e te n  D q-, B -, ß- u n d  0% -W erte  w u rd e n  Schlüsse  
a u f  d e n  C h a rak te r  den  in  d iesen  K o m p lex m o lek ü len  z u s tan d e  kom m enden  B in d u n g en  gezogen.

L IT E R A T U R

1. L in h a r d , M., W e ig e l , M.: Z. anorg . a lig . Chem . 264, 321 (1951); 266, 49, 73 (1951);
267, 113, 121 (1951); 271, 101 (1952)

2. (a ) Y am ada , S., N a k a h a r a , A., Sh im u r a , Y ., T s u c h id a , R .: B ull. Chem. Soc. J a p a n  28,
222 (1955); (b) T su c h id a , R . et a l.:  B u ll. C hem . Soc. J a p a n  13, 388, 436, 471, 476 
(1938); 15, 427 (1940)

3 . F u jit a , J . ,  Sh im u r a , Y .: Bull. Chem. Soc. J a p a n  36, 1281 (1963)
4 . (a ) B a solo , F .: J .  A m . Chem. Soc. 70, 2634 (1948); 72, 4393 (1950); (b) B a so lo , F . ,  B a ll

h a u s e n , C. J . ,  B je r r u m , J .:  A c ta  C hem . Scand . 9, 810 (1955)
5. B r ig a n d o , J . :  B ull. Soc. Chim. F ra n c e  211 (1957)
6. L in h a r d , M., W e ig e l , M.: Z. p hys. C hem . N . F . 11, 308 (1957)
7. (a ) M cCl u r e , D. S.: A dvances in  th e  C h em istry  o f C oordination  C om pounds. E d . S.

K irsch n er. M cM illan Co. New Y o rk  1961; (b ) Or g e l , L. E .: J .  Chem. P h y s . 23, 1004 
(1955); (c) Sh im u r a , Y .: Bull. Chem . Soc. J a p a n  25, 49 (1952); 29, 311 (1956)

8. (a ) B a l l h a u s e n , C. J . ,  M o ff it t , W .: J .  In o rg . N ucl. Chem. 3, 178 (1956); (b) Gr if f it h ,
J .  S., Or g e l , L. E .:  J .  Chem. Soc. (L o n d o n ) 1956, 4981; (c) T a n a b e , Y ., Su g a n o , S.: 
J .  P h y s . Soc. J a p a n  9, 766 (1954)

Acta Chim. Acad. Sei. Hung. 57, 1968



168 BÁN, CSÁSZÁR: ELEKTRONENANREGUNGSVORGÄNGE UND BINDUNGSVERHÄLTNISSE

9. (a ) Y a m a tera , Н .: B ull. C hem . Soc. J a p a n  31, 95 (1958); (b ) J .  Inorg . N ucl. Chem . 15 , 
50 (1960)

10. V gl. z. B . H a rtm an n , H ., K r a u s e , H . K .: Z. P h y s . Chem . N . F . 5, 9 (1955)
11. B á n , M ., Császár, J . :  A c ta  Chim. A cad. Sei. H u n g . 54, 133 (1967)
12. B a l l h a u s e n , C. J . :  In tro d u c tio n  to  L igand  F ie ld  T h eo ry . M cG raw -H ill Co., L ondon , 1962
13. BÁN, M.: U n v erö ffen tliche  R e su lta te
14. BÁN, M .: A c ta  P h y s . H u n g , (u n te r  D ruck)
15. BÁN, M.: K a n d id a ten -D isse rta tio n . Szeged 1967
16. Gr if f it h , J .  S.: T he T h e o ry  of T ran sitio n  M etal Io n s. U n iv . Press. C am bridge, 1961
17. J ö r g e n s e n , С. K . : A b so rp tio n  S p ec tra  o f C om plexes w ith  U nfilled  d-Shells. R e p t. to  th e  

X th  Solvay  Council. B russels, 1956
18. (a ) L in h a r d , M., W e ig e l , M .: Z. phys. Chem. N . F . 5, 20 (1955); (b) B a k e r , W . A .,

P h il l ip s , M. G .: In o rg . Chem. 5, 1042 (1966)
19. B á n , M., Császár, J . :  M agy. K ém . F o ly ó ira t, 73, 318 (1967)
20. B á n , M., Császár, J . : M agy . K ém . F o ly ó ira t, 73, 373 (1967)
21. Kup.ODA, К ., Ge n t il e , P . S.: J .  Inorg . N ucl. Chem . 27, 155 (1965)

R errich  Béla té r

Acta Chim. Acad. Sei. Hung. 57, 1968



Acta Chimica Academiae Scientiarum Hungaricae Tomus 57 (2), pp. 169 —179 (1968)

INVESTIGATIONS ON THE KETO-ENOL TAUTOMERISM 
OF O-HYDROXYDIBENZOYLMETHANES 
BY NUCLEAR MAGNETIC RESONANCE

H . W a g n e r ,* O. S e l ig m a n n ,* L. H ö r h a m m e r ,* M. N ó g r á d i ,**  L. F a r k a s ,**  

J .  S tRELISKY*** and B . VERMES***

One of th e  m o s t convenient m e th o d s  fo r th e  p re p a ra tio n  of flav o n es  
consists in  th e  b ase -ca ta ly zed  re a rra n g e m e n t o f an  o -aro y lo x y aceto p h en o n e  
(I) to  an  o -h y d ro x y d ib en zo y lm eth an e  (III) , follow ed b y  ac id -ca ta ly zed  cy - 
c lo d e h y d ra ta tio n  to  fo rm  the  y -p y ro n e  r in g  (V) ( B a k e r —V e n k a t a r a m a n  s y n 
th es is  [1 —2]). As an  in tram o lecu la r v a r ia n t  o f th e  w ell-know n Cl a is e n  co n 
d en sa tio n , th e  rea rra n g em e n t c le a r ly  invo lves an  in te rm e d ia te  o f th e  2 - 
h y d ro x y fla v a n o n e  ty p e  (II) and i t  h a s  been  assum ed  th a t  a sim ilar species 
(IV) is th e  in te rm e d ia te  in  the a c id -c a ta ly z e d  rin g  closure of o -h y d ro x y d ib en - 
zoy lm eth an es to  f lav o n es  [3].

R eceived A u g u s t 2, 1967
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T h e keto -eno l ta u to m e rism  o f 1 ,3 -d ik e to n es has b een  th e  su b jec t o f  a 
v e ry  la rg e  n u m b er o f  b o th  classical a n d  re c e n t stud ies [4], b u t  no in v e s ti
g a tio n s  have been  re p o r te d  on th e  ta u to m e r ism  o f th e  o -hydroxyd ibenzoy l- 
m e th a n e  system .

In  1952 O llis  a n d  W eight  [5] o b se rv ed  th e  ex istence  o f tw o  form s o f 
d ib en zo y lm eth an es , a  yellow  an d  a colourless one, an d  suggested  th a t  th e  yellow  
fo rm  m a y  correspond  to  th e  enol ta u to m e r  ( l i le )  an d  th e  colourless one to  a 
ta u to m e r  of e ith e r  th e  k e to  (IH k) o r th e  2 -h y d ro x y flav o n e  ty p e  (IV), b u t  no 

-experim ental evidence  has been p u b lish ed  su p p o rtin g  th e ir  h y p o th es is .
In  th e  course o f  o u r in v estig a tio n s on  th e  sy n th esis  o f  v a rio u s flav o n es 

[6 ] we p rep ared  a n u m b e r  of o -h y d ro x y d ib en zo y lm eth an es, an d  again  o bserved  
th e  d u a lity  in  th e ir  co lour. A spectroscop ic  s tu d y  w as th e re fo re  in it ia te d  in  
o rd e r  to  e lucidate  th e  problem  of ta u to m e rism  in th is  g roup  o f com pounds.

D ib en zo y lm eth an es (and  ß -d ik e to n es in  general) m a y  ex is t in  one ke to - 
(Ш к ) an d  four d iffe re n t enol-form s (I lle ^  IIIe2, IIIe3, IIIe4); how ever th e  
ex is ten ce  of th e  g eo m etrica l isom ers (П1е3, Ш е4) w here in tra m o le c u la r  h y d ro 
gen  b o n d in g  is a b se n t, is h igh ly  im p ro b ab le . N M R  stu d ies  h av e  re c e n tly  de
m o n s tra te d  th a t  th e  u n su b s titu te d  d ib en zo y lm e th an e  ex ists  e n tire ly  in  th e  
h y d ro g e n  bonded  eno l form , w hereas a lk y l-a ry l- 1 ,3 -d iketones are p re se n t in  
so lu tio n s  as an  e q u ilib riu m  m ix tu re  o f th e  k e to  an d  enol form s [4].

II
О

II
0

IIIr

A r, ,с/ Ч с/ Агв
II I 
Оч ,0  

' l l
n i e .

H

Ага\ с / С \ с / А гв

I II
CK , o

\ H ' '
IH e ,

H
A r дч / С .  / O i l

A\ c /  V c /
II I
O A rB

I I I e 3

H0\ c / ' C\ c / ArB
I II

Ага О
I l l e ,

In  the  case o f  o -h y d ro x y d ib en zo y lm eth an es th e  2 -h y d ro x y flav an o n e  
fo rm  (IV) m ay be a d d e d  to  th e  a rra y  o f possib le  ta u to m e rs . O n th e  o th e r  h a n d , 
o f  th e  enol fo rm s, th e  ta u to m e r h a v in g  tw o  c a rb o n y l-h y d ro x y l h y d ro g en  
b o n d s  (Ille 'j) is su p p o sed  to  be en e rg e tica lly  fav o u red  as co m p ared  to  th a t  
h a v in g  only one ( I I Ie '2).
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U ltra v io le t spectroscopy  can  on ly  d is tin g u ish  betw een  th e  c o n ju g a te d  
eno l ta u to m e rs  on one han d , an d  th e  n o n -c o n ju g a te d  d iketo- an d /o r 2 -h y d ro x y - 
f lav an o n e  in te rm e d ia te , on th e  o th e r. A fu r th e r  lim ita tio n  is th a t ,  as a re su lt  o f 
th e  ra p id  eq u ilib ra tio n  during  d isso lu tion , o n ly  th e  p redom inance  o f  a c e r ta in  
ta u to m e r  can  be estab lished .

250 300 350 WO
nm

F ig . 1. U ltra v io le t  sp e c tra  o f d ib en z o y lm e th a n e s  Va an d  Vb

A ty p ic a l re p re se n ta tiv e  of th e  co lou red  ty p e , 2 -h y d ro x y -2 ’,4 ,5 ,6 -te tra -  
m e th o x y d ib en zo y lm e th an e  (Va) (orange-yellow ) show s a v e ry  in ten se  long- 
w av e len g th  b a n d  a t  379 n m  (Fig. 1), w hereas th e  colourless 2 ,2’-d ih y d ro x y -4 ,6 - 
d im e th o x y d ib en zo y lm eth an e  (Vb) h as  its  m ain  p eak  a t  292 nm . I f  in  Y a th e  
ch e la tio n  has been  d estroyed  b y  fo rm in g  th e  p h en o la te , th e  UY sp e c tru m  
reveals  th e  p red o m in an ce  of th e  c o n ju g a ted  chrom ophore  (m ain  b a n d  a t  
385 n m ) (T able I).

T he com p o sitio n  o f th e  eq u ilib riu m  m ix tu re  c a n n o t be assessed b y  th is  
m eans as g en era lly  th e  UV sp ec tra  o f  th e  p u re  ta u to m e rs  are  n o t  a v a ilab le .

In  th e  case o f  com pound  Vc, h o w ever, we succeeded in  iso la tin g  b o th  
fo rm s, th e  w h ite  one m elting  a t  125 —126°, a n d  th e  yellow  one m e ltin g  a t  
137 — 138°. As fa r  as we know  th is  is th e  f irs t  re p o r te d  case o f d e sm o tro p y  i r
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Rí
I

R2\ / V r  / V r *! Г  /С Н 2Ч I
H . ' S / ' C /  \ у \ /

I II II Iон о о r 4

R R1 R 2 R3 R4 R6

Va O C H 3 0 CH3 O C H 3 H 0 CH3 H

Vb O C H 3 H O C H 3 H OH H

Vc O C H 3 H OCH2P h O C H 3 H OCHoPh

Vd O C H 3 H 0 C H 3 H OCH2Ph H

Ve O C H 3 H O C H 3 0 C H 3 OCH3 H

Vf H H H H H H

Vg O C H 3 H O C H 3 O C H 3 H H

Vh O C H 2P h H O C H 3 O C H 3 H H

th e  d ih en zo y lm eth an e  g roup . Ow ing to  ra p id  eq u ilib ra tio n , b o th  desm otrops 
e x h ib it  th e  sam e U Y  sp ec tru m  in so lu tion ; in  K B r  p e lle ts , how ever, th e y  give 
rise  to  in d iv idua l sp e c tra  (see T ab le  I  a n d  F ig . 2).

Table I

Ultraviolet spectra o f  o-hydroxydibenzoylm elhanes

Compound ^max log e ^max. log f ^max. log E Amax. log e Solvent

Va
236 3.95 284 3.95 318 3.90 379 4.10 E tO H

368 4.19 0.002 M  N aO E t

Vb
253 4.09 292 4.25 381 3.43 E tO H

274 3.90 385 4.27 0.002 M  N aO E t

Vc
289 379 E tO H

274 370 0.002 M  N a O E t

Vc m . p . 1 2 5 -6 ° 292 K B r

Vc m . p . 1 3 7 -8 ° 306 360 K B r

Vd 246 4.03 292 4.27 378 4.07 E tO H

268 3.98 365 4.22 0.002 M  N aO E t

Ve 236i 4.05 294 4.09 380 4.00 E tO H

N M R  sp ec tro sco p y  prov ides a v e ry  sim ple m eans to  se ttle  m o st o f th e  
p ro b lem s concern ing  th e  ta u to m e rism  o f o -h y d ro x y d ib en zo y lm e th an es  
(T ab le  I I ) .
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A ty p ic a l ex am p le  is 2 -h y d ro x y -2 ’,4 , 5 , 6 - te tra m e tlio x y -d ib en z o y lm e th a n e  
(Va), an  orange-yellow  com pound , to  w hich, on basis  o f LTV a n d  IR  spec
troscop ic  evidence, th e  enol form  can  be assigned. I f  th e  N M R  sp ec tru m  is 
m easu red  im m ed ia te ly  a f te r  d isso lv ing  th e  sam ple in  d eu te ro ch lo ro fo rm , th e

F ig . 2. U ltra v io le t  sp e c tra  o f  th e  d esm o tro p ie  fo rm s of d ib en zo y lm e th an e  У с_______ enol
f o r m ;----------k e to  form

sp ec tru m  o f th e  p u re  eno l ta u to m e r  is o b ta in ed  (F ig . 3a). T he fou r m ethoxy ls 
are observed  as th re e  sh a rp  sing lets (ő 3.84, 3.91 a n d  3.95), a n d  th e  iso la ted  
p ro to n  of ring  A  as a s in g le t a t  <5 6.33. T he four p ro to n s  o f rin g  В  give rise to  a 
se t o f m u ltip le ts  th a t ,  th o u g h  inaccessib le  to  sim ple f irs t-o rd e r  ana lysis , can  be 
assigned w ith  c e r ta in ty  to  th e  in d iv id u a l p ro tons.

T he p ro to n  of th e  ch e la ted  ortho h y d ro x y l ap p ears  a t  d 12.90. T he ch a rac 
te ris tic  fea tu re s  of th e  sp e c tru m  are  th e  sh a rp  sing le t o f th e  а -p ro to n  on th e  
enolic double bond  a t  d 7.73 an d  th e  sing le t of th e  e x tre m e ly  desh ielded  p ro to n  
of enolic h y d ro x y l a t  d 15.75.

I f  th e  sp ec tru m  is ru n  again  a f te r  an  hour, sm all p eak s in d ica tin g  th e  
presence o f th e  k e to  ta u to m e r  em erge. W ith in  24 h o u rs  th e  e s tab lish m en t of 
th e  eq u lib riu m  is co m p le te  (F ig . 3b). M ethoxyls a p p e a r  as a se t o f  singlets in 
th e  range o f <5 3.79 — 4 .00 , an d  th e  p eak  of C3—H  is sh if te d  s lig h tly  upfield . 
T he in te n s ity  of th e  p e a k  rep re sen tin g  a -H  is co n sid e rab ly  red u ced  an d  tw o 
new  sing lets ap p ear in  th e  sp ec tru m . T he one a t  d 4.67 can  be assigned  to  th e  
— COCH2 —СО-p ro tons o f  th e  ke to  fo rm , an d  th e  o th e r  a t  ö 13.20 to  th e  c h e la t
ed  o -hydroxy l of th e  k e to  ta u to m e r . N o signals w hich  cou ld  be a t t r ib u te d  to  
a 2 -h y d ro x y flav an o n e  ta u to m e r  (m u ltip le ts  of th e  ring -C H 2) could  be d e tec ted  
in  th e  sp ec tru m .

CH3Ox y V O C H 3 y \
I II H f I

I II I I
О ,0  о  ОСН„Ф

н  н

c h . c n / v o c h , у \
II с н  1  И\ Л С ^ Н* \ С Д /

I I  II I
О О  О ОСН„Ф

Vd
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A c o u n te rp a rt o f  th is  p h enom enon  is experienced  w hen  ru n n in g  th e  
s p e c tra  of 2’-b en zy lo x y -2 -h y d ro x y -4 ,6 -d im eth o x y d ib en zo y lm eth an e  (Vd). 
T h e  off-w hite c o m p o u n d , th a t  accord ing  to  th e  U V  sp e c tru m  is a non-con-
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ТаЫе II

N M R  data o f  2-hydroxydibenzoylm elhanes  

(<5 v a lu e s  in  p .p .m . re la tiv e  to  te tra m e th y ls ila n e )

C o m p o u n d O C H , =  C H — —C O C H jC O C 2— O H =  C— O H C,— H C,— H

3.84 7.73 — 12.90 15.75 6.33 —

V a (enol) 3.91

3.95

4.00 — 4.63 13.16 - 6.29 —

V a (keto) 3.82

3.78

Vb (keto)
3.83 — 4.63 13.61 — 5.90d =  

2.5 cps.

6.14d =  

2.5 cps.3.53 11.93*

3.84 _ _ 13.16 15.77 _ 6.05
Vc (enol)

3.53

3.88 4.49 13.59 _ 5.91
Vc (keto)

3.40

Vd (enol)
3.78 7.73 — 13.45 15.75 5.84d =  

2.5 cps.

6.12d =  

2.5 cps.3.41

V d  (keto)
3.78 — 4.54 13.70 — 5.78d = 6.03d =  

2.5 cps.3.45 13.88 (a t  — 40°) 2.5 cps.

3.94 7.71 — 13.15 15.66 — 6.03

V e (enol) 3.92

3.83

3.94 — 4.56 13.46 — — 5.93

Ve (keto) 3.92

3.60

* Cj — O H ; d  =  d o u b le t

ju g a te d  ta u to m e r, d isp lay s im m ed ia te ly  a f te r  d isso lu tion  (m easu red  p re fe rab ly  
a t  — 60°) a sp e c tru m  th a t  can  be assigned  to  th e  p u re  k e to  fo rm  (Fig. 4a). 
O n stan d in g , an  e q u ilib riu m  be tw een  th e  k e to  a n d  enol fo rm s is e s tab lished  
(F ig . 4b). S im ilar changes are experienced  w ith  com pounds Vc and  Ve.
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P P M  ÍT)

m ir )

Fig. 3. N M R  sp e c tra  o f 2 -hydroxy-2 ’,4 ,5 ,6 -te tram eth o x y -d ib en zo y lm e th an e . За: 20 m in u te s  
a f te r  d issolu tion . 36: 16 h o u rs  a f te r  d isso lu tion
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PPM(T)

PPMM

F ig . 4. NM R sp e c tra  o f 2 -h y d ro x y -2 ’-b en zy lo x y -4 ,6 -d im eth o x y d ib en zo y lm eth an e . 
4a: 5 m in u te s  a f te r  d isso lu tion . 46: 20 hours a fte r d isso lu tion
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2,2’-D ih y d ro x y -4 ,6 -d im eth o x y d ib en zo y lm eth an e  (Vb) in  w hich  b o th  
k e to  groups are stab ilized  by  ch e la tio n , no  conversion  to  th e  enol fo rm  can  be 
observed .

W O C H 3
1 1
• ч А с ' с н 2\ c x v

1 II II 1О о О О
Н'' Н/

Vb

B ased  on th e  re la tiv e  in te n s ity  o f  th e  — COCH 2C O -absorp tion  in  th e  k e to  
fo rm , th e  com po sitio n  o f  th e  eq u ilib riu m  m ix tu re  in  €DC13 can  be assessed  
(Table III).

T ab le  I I I

Percentage o f  the keto tautomers o f  o-hydroxydibenzoylmethanes at 20°

Solid Equilibrium, 
CDC13 solution

Va 0% 4 3 - 5 0 %
Vb 100% 100%

m. p. 1 2 5 -6 °  
Vc K

m . p. 1 3 7 -8 °

100%

0%

6 0 - 6 6 %

Vd 100% 68— 75%
Ve 0% 6 5 - 6 9 %

A considerab le  up fie ld  shift (0 .23 — 0.42 p . p. m .) o f  one of th e  m e th o x y  
peaks is ex p erien ced  in  th e  spectra  o f  th e  k e to  ta u to m e r  o f com pounds Vb, Vc 
an d  Ve, as well as w ith  b o th  fo rm s o f  Vd. C om parison  of th e  s u b s titu tio n  
p a tte rn  o f th e  com pounds m akes i t  possib le  to  assign  these  singlets to  th e

T ab le  IV

I R  carbonyl absorption o f  o-hydroxydibenzoylmethanes in  the solid  state ( K B r  pelle ts)

Chelated
carbonyl

Free
carbonyl

Va 1610 ___

Vb

m. p. 125—6° 1605

1 6 0 0 -1 6 5 0

1675
Ve

m. p. 1 3 7 - 8 ° 1600 —

Vd 1630 1670

Ve 1615 —

Vf 1610 —

Vg 1610 1685

Vh 1600 —
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C6-OM e. As no sim ilar effect is observed  w ith  e i th e r  2 -h y d ro x y -3 ,4 ,6 -trim e th o x y - 
a c e to p h en o n e , or 2 -h y d ro x y -4 ,5 ,6 -trim e th o x y ace to p h en o n e  (m e th o x y -ab so rp - 
t io n  in  th e  range o f d 3 .9 5 —4.10), i t  m a y  b e  in fe rred  th a t  th e  u p fie ld  sh ift o f  
th e  C6-OMe p eak  is caused  b y  th e  an iso tro p ic  shielding effect o f  th e  o th e r  
b en zen e-rin g , A ra .

90 

80

70

c 60

50 

1  40

l oo  
20 
10

2000 1800 1600 Я  00 1200 1000 800 700 600 500 400
c m - 1

a

NaCI K&r

SO 

30 

70

c  60
. o

J  50e
g  40
p

*  30 

20 
10

2000 1800 1600 Я  00 1200 1000 800 700 600 500 40(7
e r r 1

b

F ig . 5. In fra re d  sp e c tra  o f th e  desm o tro p ic  fo rm s of 2 -hydroxy-4 ,4 ’-d ibenzy loxy-3 ,6 -d i 
m eth o x y d ib en zo y lm e th an e . 5a: k e to  fo rm ; 56: enol fo rm

N a d  KBr

!___L
I j f m ft rvn 4 A A / и v y

L A
4 -- A £ \ a Ttfi N i

л 4  u r f t - h
4 III 1 1

1 У i l l ж _ J

1 1л 1Л
1

V

__ 3 _l_. _ Í
6Y2447

H av in g  excluded  th e  possib ility  o f th e  2 -h y d ro x y flav an o n e  ta u to m e r , I R  
sp ec tro sco p y  offers a v e ry  sim ple m e th o d  o f estab lish ing  w h e th e r a g iven  
d ib en zo y lm eth an e  ex ists  in  th e  solid s ta te  in  th e  keto  or in  th e  enol fo rm . 
T h e  I R  sp ec tru m  o f th e  enols (in K B r w afers) con ta in ing  o n ly  one c a rb o n y l 
g ro u p , ex h ib its  a single ca rb o n y l a b so rp tio n  w hich  is sh ifted  to  low er w av e
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n u m b ers  b y  h y d ro g en  bon d in g  (Fig. 5a). In  th e  k e to  fo rm  tw o bands can  be 
observed  in  th e  ca rb o n y l region, th e  a b so rp tio n  a t  h ig h er w ave n u m b ers  
co rrespond ing  to  th e  non -bonded  group an d  th e  o th e r  one to  th a t  in  ch e la tio n  
w ith  th e  ortho h y d ro x y l (F ig . 5b).

Experimental

T he N M R  sp e c tra  w ere ta k e n  w ith  a V arian  A 6 0  in s tru m e n t in  CDC13 a t  35°, u n less  
s ta te d  o therw ise. C hem ical sh ifts  a re  given as <5 v a lu es in  p . p . m . re la tiv e  to  te tra m e th y ls ila n e  
as in te rn a l s ta n d a rd . T h e  in fra re d  sp ec tra  w ere ta k e n  on a P erkin — E lm er  m odel 221G i n s t r u 
m en t. T he UV sp ec tra  w ere m easu red  w ith  a U nicam  S P  700 sp e c tro p h o to m ete r.

2 ,2’-D ihydroxy-4 ,6-d im ethoxydibenzoylm ethane (V h)

2’-B enzy lo x y -2 -h y d ro x y -4 ,6 -d im eth o x y d ib en zo y Im eth an e  (Vd) [6b] (2.5 g) w a s
h y d ro g en a ted  in  th e  p resence  of p a llad iu m -o n -ca rb o n  c a ta ly s t  u n til  th e  u p ta k e  of c a lcu la te d  
am o u n t o f hydrogen . A fte r f i ltra tio n  and  e v ap o ra tio n , th e  crude p ro d u c t w as purified  b y  c h ro m 
a to g ra p h y  on  silicic acid  (e lu a n t benzene-pe tro leum  e th e r). On e v a p o ra tio n  Vh was o b ta in e d  as 
off-w hite  c ry sta ls  o f m . p . 103— 105°. Ferric  re ac tio n  in  m eth a n o l: g reen . F o u n d : C 64.48; 
H  5.10. CI7 H 160 6 req u ire s: C 64.55; H  5.10% .

T he p re p a ra tio n  of th e  o th e r  com pounds is d escribed  in  th e  l i te ra tu re :  Va [6a], Vb [6b ], 
Vc [7], Vd [6b], Ve [6a], V f [8], Vg [9], Vh [9].

SUM M ARY

T he keto -eno l ta u to m erism  of o -h y d ro x y d ib en zo y lm eth an es h as  been  in v es tig a te d  b y  
N M R , I R  a n d  UV spec tro sco p y . I n  so lu tion  th e  com pounds e x is t  in  eq u ilib riu m  m ix tu re  o f  
th e  k e to  an d  enol tau to m ers . T he existence of a  2 -h y d ro x y flav a n o n e-ty p e  ta u to m e r could  n o t  
be  d em o n s tra ted .
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1,5-DIKETONES, IV*

S Y N T H E S IS  O F  SOME N E W  IS O B E N Z O P Y R Y L IU M  A N H Y D R O B A S E S

M. L e M P E R T - S r É T E R  a n d  M. B Á R D Y *  *

(In s ti tu te  o f  Organic C hem istry, L . Eötvös U niversity , B udapest)

R eceived S e p tem b e r 7, 1967

I t  h a s  re ce n tly  been  found t h a t  2 -(l-ac e ty lp ro p y l)-4 ,3 ’-d im ethoxy-5 ,4 ’-d iacetoxy- 
qenzophenone  ( la ), w hen  h e a ted  a few h o u rs  w ith  ace tic  acid a t  240°, suffers to ta l O -deacety- 
Ja tio n  an d  p a r tia l  O -d em eth y la tio n  to  y ie ld  a n  iso b enzopyry lium  an h y d ro b ase , П а  [1].

Et Et Et

a: R = M e ; R ‘=  R 2=  A c; X =  MeO 
b :  R =  RI= R 2= M e ; X =M eO
c :  R = M e; R '= A c ; R2= M e ; X = H  
d : R = H ;  R 1 =  R 2= M e ; X = O H

a : R2 =  H; X =  M eO 
c : R2 = M e:X  =  H

I la  was ch ara c te riz ed  as an a n h y d ro b ase  an d , sim u ltan eo u sly , th e  s tru c tu re  o f  i ts  
ske le ton  p ro v ed  b y  th e  follow ing reac tions: (a ) ad d itio n  of one m ole o f m ineral acids gav e  
isobenzopyry lium  sa lts  o f ty p e  I l ia ,  whose free  p h eno lic  h y d ro x y l g ro u p  could be m e th y la te d  
w ith  d iazo m eth an e  to  y ie ld  I l lb ,  a well k n o w n  [2] su b s tan ce ; (b) c a ta ly tic  h y d ro g en atio n  a n d  
su b seq u en t m e th y la tio n  o f th e  p roduct fu rn ish e d  th e  chrom ane IV , a n o th e r  know n [3] co m 
p o u n d ; (c) fin a lly , t r e a tm e n t  w ith  am m o n ia  tran sfo rm e d  I l a  in to  th e  isoquinoline Va. 
T he site  of p a r tia l  d em e th y la tio n  in th e  course  o f th e  tran s fo rm a tio n  of l a  in to  I l a  fo llow ed  
clearly  from  th e  fa c t t h a t  e th y la tio n  of П а  in a lk a lin e  m edium  gave  th e  n a p h th o l V ia  u n d e r  
ske le ta l re a rra n g em en t in s te a d  of th e  isom eric  VIb [1].

* P a r t  I I I :  M. L e m p e r t -Srét er  a n d  P . S o h á r : A cta  Chim . A cad. Sei. H ung . 54, 
203 (1967)

** P a r t ly  based  on th e  thesis su b m itte d  b y  M. B á r d y , L. E ö tv ö s  U n iv ersity , B u d a p e s t,
1966.
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a: R = r '= R = H ; X=MeO
b :R  = R = R 2=Me; X=MeO
c: R = R = H ; R=Me; X =H  

Z =C1
d: R = R ’= R 2=Me; X = H  
e: R =H : R'=R!=Mc; X=OH

a: R =R I=R =H ; X=MeO 
c: R =R=H;R=Me; X=H

a: R =R 1=R=R*=Et;R=Me 
b: U=Me; R1=R=R3=R =Et 
c: R =R 1=R,= R = R = M e

A ll th e  above fa c ts  w ere, how ever, in su ffic ien t to  exclude  d e fin itive ly  
th e  possib ility  t h a t  th e  a n h y d ro b ase  ex is ts , in s te a d  of th e  fo rm  I la  as assum ed  
so fa r , in  th e  ta u to m e r ic  fo rm  V ila . T h e  clue to  th e  d e te rm in a tio n  o f th e  
p o s itio n  of th e  p o te n tia l  ta u to m e ric  eq u ilib riu m  b e tw een  I la  an d  V ila  w as 
fo u n d  du ring  e x a m in a tio n  of an  e th y la tio n  p ro d u c t o f th e  a n h y d ro b ase , o b 
ta in e d  u n d e r specia l cond itions. I f , n a m e ly , e th y la tio n  w as p erfo rm ed  
in  d ry  acetone so lu tio n  in  th e  p resence o f so lid  an h y d ro u s p o ta ss iu m  c a rb o n a te  
( in s te a d  o f e th y la tin g  th e  a n h y d ro b a se , as usual, in  an  aqueous-alcoholic  
a lk a lin e  m ed ium ), th e  a n h y d ro b ase  s tru c tu re  of th e  s ta r t in g  com pound  w as, 
as c learly  d e m o n s tra te d  b y  th e  UV sp e c tru m  of th e  p ro d u c t, re ta in e d , th e  
su rface  b as ic ity  o f  th e  ac id -b ind ing  a g e n t being  a p p a re n tly  in su ffic ien t to  
e ffec t ske le ta l re a rra n g e m e n t in to  th e  n a p h th o l Via; th e  sole change w as conse-

Acta Chim. Acad. Sei. Hung. 57, 1968



LEMPERT-SRÉTER, BÁRDY: SOME NEW ISOBENZOPYRYLIUM ANHYDROBASES, IV 183

q u e n tly  e th y la tio n  o f th e  free phenolic h y d ro x y l g roups o f th e  s ta r tin g  co m 
p o u n d . D epend ing  w heth er th e  co rrect s tru c tu re  of th e  s ta r tin g  an h y d ro b ase  is 
H a  or V ila , i ts  d ie th y la tio n  p ro d u c t m u s t possess s tru c tu re  V il la  an d  V llb , 
respective ly .

W hile a considerab le  difference (w ith  re sp ec t to  th e  p a r tic ip a tio n  o f  th e  
“ quinone c a rb o n y l”  in  a h y d ro g en  bond) be tw een  s tru c tu re s  I la  an d  V i l la  
w ill read ily  be n o ticed , no su ch  difference ex is ts  b e tw een  s tru c tu re s  V ila  a n d  b

I I 1 I 1 1 I I 1 I 1 1 1 , I I I 1 I I I I 1 I I I I 1 1 I 1 I 1 I 1 I I
3800 3600 3900 32003000 2800 2600 2900 2200 2000 1800 1600 -H 00 1200 1000 800 600  500

■ cm-'

F ig . 1

90
.X» 80 
c- 10 -I 60
3 50 
ё 90 
g 30 
2  20 
^  10

HaCl KBr

3800 3600 3900 3200 3000 2800 2600 2900 2200 2000 1800 1600 1900 1200 1000 800 600 500
cnr1

F ig . 2

IR  sp ec tra  o f th e  a n h y d ro b ase  an d  its  d ie th y la tio n  p ro d u c t are  show n 
in  Figs 1 an d  2, resp ec tiv e ly . C h arac te ris tic  b an d s  in  th e  sp ec tru m  o f th e  
an h y d ro b ase  a re , on th e  one h a n d , a v e ry  b ro a d  b a n d  ex ten d in g  from  3500 to  
2800 cm -1 , in d ic a tin g  th e  p resence  of a ch e la te  b o n d ; a n d , on th e  o th e r h a n d , 
fo u r , p a rtia lly  m erged  b an d s  in  th e  double b o n d  reg ion  (a t  1642, 1560 ,1542 a n d  
1525 c m “ 1). B an d s , co rrespond ing  to  th e  la t te r ,  a re  fo u n d  in  th e  sp ec tru m  of 
th e  d ie thy l d e riv a tiv e  as w ell, sh ifted , how ever, so m ew h at to  h igher w ave 
n u m b ers  (164 2 ,1 5 8 4 ,1 5 5 1  a n d  1538 c m -1 ). T h e  h a n d  a t  1642 c m - 1  co rresponds 
p ro b ab ly  to  th e  s tre tc h in g  v ib ra tio n  of th e  C = C  b o n d  in  th e  hetero  ring , w hile 
th e  o th e r th re e  b a n d s  belong to  v ib ra tio n s  of th e  q u in o id  system  an d , espe
c ia lly  th a t  of th e  h ig h es t w ave n u m b er am ong  th e m , to  th e  carbonyl s tre tc h in g
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v ib ra tio n . T he difference o f 24 c m - 1  b e tw een  th e  carbonyl b a n d s  o f th e  an h y - 
d ro b ase  an d  its  d ie th y l d e riv a tiv e  ag a in  p o in ts  to  th e  p a r tic ip a tio n  o f th e  c a r 
b o n y l g ro u p  in  a h y d ro g en  b o n d  in  th e  fo rm er com pound . C o nsequen tly , 
th e  c o rre c t s tru c tu re  of th e  an h y d ro b ase  is I la  an d  n o t V ila .

*

H e re a fte r  we decided  to  in v es tig a te  w h e th e r an h y d ro b ases  o f ty p e  II 
cou ld  also  be p rep ared  from  analogues o f la . As th e  f irs t analogue to  be in v e s ti
g a te d  we selected  com pound  lb  [4] in  w hich  th e  ace to x y  g roups o f la  are re 
p la c e d  b y  m eth o x y  g roups. H e a tin g  an  ace tic  ac id  solu tion  o f th is  co m p o u n d , 
h o w ev er, fu rn ished  on ly  u n c ry s ta lliz ab le  ta rs .

H ence com pound Ic, in  w hich th a t  p a r t  o f th e  m olecule o f la  w hich  is 
in v o lv e d  in  th e  fo rm atio n  o f th e  iso b en zo p y ran e  nucleus is re ta in e d  u n ch an g ed  
a n d  w h ich , therefo re , could be ex p ec ted  to  be a closer analogue o f la , w as n e x t 
in v e s tig a te d .

H e a tin g  an  acetic  ac id  so lu tion  of Ic fo r a few hours a t  240°, a yellow  
co m p o u n d  w ith  p ro p ertie s  s im ila r to  th o se  of Ila  was o b ta in e d , as ex p ec ted . 
S tru c tu re  H e, p resum ed  fo r th e  p ro d u c t b y  analogy , could be a sc e rta in ed  b y  
a n a ly tic a l d a ta , as well as b y  th e  IR  an d  UV sp ec tra  w hich closely resem bled  
th o se  o f  Ila .*

A d d itio n a l evidence in  fav o u r of s tru c tu re  l i e  was fu rn ish ed  b y  th e  close 
s im ila r ity  of th e  chem ical p ro p ertie s  of th e  new  com pound to  th o se  of Ila: e.g., 
re a c tio n  w ith  hyd roch lo ric  ac id  gave a 1  : 1  a d d u c t (IIIc); m e th y la tio n  b y  d iazo 
m e th a n e  in  th e  presence o f m in era l acids fu rn ished  IHd; in  th e  course o f 
c a ta ly t ic  h y d ro g en a tio n  tw o  m oles o f h y d ro g en  were added  (from  th e  red u c tio n  
p ro d u c t , how ever, no c ry sta llin e  d e riv a tiv e s  could be p rep a red  in  th is  case); 
a lcoho lic  am m onia tra n sfo rm e d  th e  com pound  in to  th e  isoqu ino line  Vc; 
a n d , f in a lly , m e th y la tio n  b y  m e th y l iod ide in  th e  presence o f sod ium  m e th y la te  
g av e  VHIb.

I t  m ay  be assum ed  th a t  fo rm a tio n  o f th e  an h y d ro b ases  Ila  a n d  l ie  
p ro ceed s — sim ilarly  to  th e  tra n s fo rm a tio n  o f d iketones o f ty p e  I in to  iso- 
b e n z o p y ry liu m  sa lts o f ty p e  III b y  m inera l acids [2] — via  th e  co rrespond ing  
lH -iso b e n z o p y ra n -l-o ls , IX. H ow ever, w hile th e  h y d ro x y l g roup  is read ily  
c leav ed  from  C — 1 in  an ion ic  fo rm  b y  m ineral acids, th e  a c id ity  of ace tic  acid  
is in su ffic ie n t to  effect th e  sam e c leavage an d , in stead  of th e  iso b enzopyry li- 
u m  c a tio n  (type  III) an  an h y d ro b ase  of ty p e  II is fo rm ed b y  1 ,6-e lim ination  
o f m e th a n o l.

184 LEMPERT-SRÉTER, BÄRDY: SOME NEW ISOBENZOPYRYLIUM ANHYDROBASES, IV

* S tru c tu re  V ile , in s tea d  of l ie ,  c an n o t be  excluded  solely on th e  b asis o f th e  a n a ly tic a l 
d a ta  a n d  th e  reac tions of th e  p ro d u c t to  be discussed  la te r. H ow ever, if  V ile  w ere th e  co rrec t 
s t ru c tu re ,  th e  p ro fund  resem blance  of th e  sp e c tra  to  those  of co m pound  H a  could  h a rd ly  
be ex p la in ed .
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T ran sfo rm atio n s  H a —s ll la  an d  l i e —>-IIIc are  reversib le ; th e  an h y d ro b ases  
m ay  be recovered  fro m  th e ir  1 : 1  a d d u c ts  w ith  m in era l acids b y  t r e a tm e n t o f  
th e  la t te r  w ith  a lkali. I n  th e  course o f  th e  la t te r  reac tio n s  th e  isobenzopyry lium  
sa lts  I I I  are obviously  a tta c k e d  a t th e ir  free phenolic  h y d ro x y l g roup  a tta c h e d  
to  C — 6 . A phenolic h y d ro x y l group  o f  ex ac tly  th e  sam e k in d  is co n ta in ed  in 
th e  isobenzopyry lium  sa lts  IHe o b ta in a b le  from  d iiso ch av ib e to l [5]. I t  w as, 
th e re fo re , a tte m p te d  to  tran sfo rm  th e  la t te r  sa lts  in to  th e  co rrespond ing  
an h y d ro b ase  V IIIc. T h u s , a ho t e th a n o lic  so lu tion  of IH e  (Z =  C104) w as 
t re a te d  w ith  a b u ffe r  so lu tion  of p H  — 7; on cooling, V IIIc*  c ry sta llized  
from  th e  m ix tu re . I f  th e  buffer so lu tio n  was rep laced  b y  aqueous a lkali, a 
p ro d u c t, show n b y  its  I R  spectrum  to  be a 1 ,5 -d iketone  o f ty p e  I  (obviously  
Id) w as form ed ra th e r  th a n  V IIIc, a p p a re n tly  b y  fu r th e r  decom position  of th e  
la tte r .

S tru c tu re  V IIIc  w as proved  u n am b ig u o u sly  b y  analysis  an d  sp ec tra l s tu d 
ies. F u r th e r  proof w as gained  b y  m e th y la tio n  of th e  p ro d u c t in  alkaline m e
d ium , th e  re su lting  su b s ta n c e  being id e n tic a l in  all re sp ec ts  w ith  n a p h th o l V ic, 
o b ta in e d  u n d er s im ila r cond itions also  s ta r tin g  w ith  I l a  (or even  la ) .

S trik in g  d ifferences are observed  betw een  th e  s tab ilitie s  o f th e  isoben 
zo p y ry liu m  an h y d ro b ases  I la , l ie  a n d  V illa , V IIIc , re sp ec tiv e ly , in  sp ite  of 
th e  close s im ila rity  o f  th e ir  s tru c tu re s . T hus, w hile th e  an h y d ro b ases  I la  
an  d H e are  recovered  un ch an g ed  on  passing  ca rb o n  d iox ide in to  th e ir  a l
k aline  so lu tions, th e  a n h y d ro b ase  V i l id  is decom posed b y  a lkalies, as a lread y  
m en tio n ed , to  yield  th e  d iketone Id . S im ilarly , th e  an h y d ro b ase  V il la  is also 
cleaved  b y  alkalies. T h e  la t te r  reac tions a re  obviously  in it ia te d  b y  nucleophilic  
a t ta c k  o f h y d ro x y l io n  a t  C — 1 of th e  hetero  rin g  (c f . [6 ]). In  th e  case o f  
an h y d ro b ases  I la  a n d  l i e ,  how ever, a n o th e r  p o in t of a t ta c k , viz. th e  phenolic 
h y d ro x y l group a t ta c h e d  to  C — 7, p re se n ts  itse lf  to  th e  h y d ro x y l ion , an d  as i t  
is th e  m ore reac tiv e  s ite  o f th e  a n h y d ro b a se , on ly  an io n iza tio n , ra th e r  th a n  
cleavage o f the  h e te ro  r in g  resu lts.

* Transient formation of V IIIc in alkaline solutions of l i l e  has been previously noticed 
by M. Vajda on the basis of the temporary appearance of an UV spectrum very closely similar 
to that of I la  [5].
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E xperim en ta l*

Anhydro-l-(3-methoxy-4-ethoxyphenyl)-3-methyl-4-ethyl-6-hydroxy-7-ethoxyisobenzo-
pyrylium hydroxide (V illa )

I l a  (1.0 g; 3.1 m m oles) w as su sp en d ed  in  d ry  ace tone  (50 m l), a n h y d ro u s  po tassiu m  
c a rb o n a te  (2.0 g) and  e th y l iod ide (1 m l; 12 m m oles) w ere ad d ed , a n d  th e  m ix tu re  w as re flu x ed  
fo r 24 h rs . u n d e r co n tin u o u s s tirr in g . T h e  excess K 2C 0 3 was rem o v ed  b y  f i lt ra tio n  a n d  w ashed 
w ith  chloroform , th e  w ash ings be ing  co llected  se p a ra te ly  from  th e  o rig ina l f i l t r a te .  T he la t te r  
w as e v ap o ra te d  to  d ry n ess, th e  residue  d isso lved  in  th e  ch loroform  w ash ings, th e  chloroform  
s o lu tio n  w ashed  w ith  w a te r  a n d  e v ap o ra te d  to  d ry n ess. T he oily re d  resid u e  gave  u p o n  c ry s ta lli
z a t io n  fro m  e th an o l lem on-yellow  needles o f V i l l a  (0.65 g; 5 5% ), m . p . 193— 194°.
C23H 260 5 (382.4). Calcd. C 72.23; H  6.85. F o u n d  C 71.72, 72.28; H  6.84, 6 .8 1 % . F o r  th e  IJV  
sp e c tru m , see Table I.

0(6)-Anhydro-l-(4-methoxyphenyl)-3-methyl-4-ethyl-6,7-dihydroxyisobenzopyrylium
hydroxide ( l ie )

l-(4 -M eth o x y p h en y l)-2 -m eth y l-3 -e th y l-5 -m eth o x y -6 -ace to x y in d an e  (3.5 g; 0.01 m ole) 
w as d issolved in  ace tic  acid  (35 m l). U n d e r cooling  an d  co n tin u o u s s tirr in g  a so lu tio n  of ch ro m 
ic  acid  (3.0 g; 0.03 m oles) in  ace tic  acid  (15 m l) w as ad d ed  b y  d rops. T h e  o x id a tio n  m ix tu re  
w as allow ed to  s ta n d  fo r 24 h rs. an d  su b seq u e n tly  d ilu te d  w ith  w a te r  an d  e x tra c te d  w ith  b e n 
zene. T h e  benzene e x tra c t  w as w ashed  w ith  w a te r , d ried  an d  e v ap o ra te d  to  d ryness.

T he oily red  resid u e  of crude  Ic  (4.0 g) re s is ted  all a tte m p ts  o f c ry s ta lliz a tio n . T h ere 
fo re , i t  was dissolved in  ace tic  acid  (8 m l) a n d  h e a te d  fo r 20 h rs. a t  240° in  a  sealed tu b e . 
T h e  re su ltin g  d a rk  b ro w n  so lu tio n  w as e v a p o ra te d  to  d ryness an d  th e  resid u e  ta k e n  u p  in  
m e th a n o l. On s tan d in g  yellow  c ry s ta ls  o f l i e  (0.8 g; 25% ) w ere dep o sited , m . p . 202— 204° 
(fro m  m ethano l). T he p ro d u c t  gave d a rk  b ro w n  colour re ac tio n  w ith  fe rric  ch loride. 
C19H 180 4 (310.3). Calcd. C 73.54; H  5.83; O C H 3 10.23. F o u n d  C 73.42, 73.64; H  5.79, 5.90; O C H 3 
10 .3 0 % . F o r th e  UV sp e c tru m , see T ab le  1.

Hydrochloric acid adduct (IIIc): l ie  (0 .4) g) w as dissolved in  ace tic  acid  (2 m l). On th e  
a d d itio n  of cc. h y d roch lo ric  a c id (0.5 m l) l-(4 -m eth o x y p h en y l)-3 -m e th y l-4 -e th y l-6 ,7 -d ih y d ro x y - 
iso b en zo p y ry liu m  ch loride  (IIIc) was p re c ip ita te d  as a  yellow  c ry sta llin e  p o w d er (0.35 g), m . p . 
248— 250° (from  a m ix tu re  o f ace tic  a n d  h y d ro ch lo ric  acids). 
c 19Hi 90 4C1 (346.7). Calcd. Cl 10.21; F o u n d  Cl 10.23, 10.52% .

l-(4-Methoxyphenyl)-3-methyl-4-ethyl-6,7-dimethoxyisobenzopyrylium perchlorate
(H id, Z =  C104)

T o a suspension o f He (1.0 g) in  e th a n o l (50 m l) co n ta in in g  h y d ro g en  ch lo ride  (0.05 g) a n  
e th e re a l so lu tion  of d iaz o m eth an e , fresh ly  p re p a re d  from  n itro so m e th y lu re a  (4.0 g), w as ad d ed  
u n d e r  cooling. On sh ak in g , th e  suspension  g ra d u a lly  gave a c lear so lu tio n . T he so lu tion  w as 
a llow ed  to  s tan d  fo r 2 d ay s , e v ap o ra te d  to  d ry n ess and  th e  resid u e  d isso lved  in  aqueous ace tic  
a c id  (5 ml). On th e  a d d itio n  of a few  d ro p s o f  p e rch lo ric  acid , yellow  c ry s ta l o f  H id (0.5 g; 4 0 % ) 
w ere  deposited . M .p. a n d  m ixed  m . p . w ith  an  a u th e n tic  sam ple  [7]: 251— 253° (from  ace tic  
ac id ).

l-(4-Methoxyphenyl)-3-methyl-4-ethyl-6,7-dihydroxyisoquinoline (Vc)

H e (0.5 g; 1.6 m m oles) w as d issolved in  25%  e th an o lic  am m o n ia  so lu tio n  (20 m l) u n d e r  
ic e  cooling. The so lu tio n  w as allow ed to  s ta n d  fo r 2 d ay s in  a re fr ig a to r  a n d  su b seq u e n tly  
a n o th e r  day  a t  room  te m p e ra tu re . T h e  o rig in a lly  re d  so lu tio n  tu rn e d  b row n . A fte r re flu x in g  
fo r  2 h rs ., yellow c ry s ta ls  w ere d ep osited  w hich , a f te r  re c ry s ta lliz a tio n  fro m  e th an o l, m elted  a t  
208— 210°. Y ield: 0.3 g (61% ).
C ,9H 190 3N (309.3) Calcd. C 3.787; H  6.19; 0  15.53; O C H 3 10.03. F o u n d  C 74.11: H  5 .87; 
О 15.45; OCH3 10.21% .

* All m. p .-s a re  u n co rrec ted .
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Table I

U V  spectra o f  isobenzopyrylium  anhydrobases

Compound Solvent Amax [rim] (log e)

Ila B ritto n—R obinson
buffer (pH  =  7) in 50%
aqueous m ethanol 242 (4.47); 393 (4.45)

lie „ 250 (4.47); 290 (4.00); 394 (4.42)
VUIb ,, 232 (4.34) shoulder; 247 (4.78); 297 (3.95); 389 (4.40)
V illa 243 (4.44); 252 (4.42) shoulder; 395 (4.40)
VIIIc E th an o l • 241 (4.42); 252 (4.37); 394 (4.38)

Па 0.1N HC1 246 (4.41); 270 (4.37); 352 (3.97); 377 (4.13); 440 (4.26)
He ,, 226 (4.23); 238 (4.30); 244 (4.30); 272 (4.40); 335 (3.78); 372 (4.30); 428 (4.21)
VUIb 99 225 (4.25); 238 (4.33); 266 (4.41); 328 (3.76); 366 (4.32); 420 (4.24)
VIII a 247 (4.41); 271 (4.34); 352 (3.96) shoulder; 379 (4.13); 431 (4.18)
VIIIc 9.9 246 (4.37); 269 (4.33); 353 (4.01); 377 (4.12); 429 (4.18)
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Anhydro-l-(4-methoxyphenyl)-3-methyl-4-ethyI-6-hydroxy-7-methoxvisobenzopyrylium
hydroxide (V lllb )

П с  (0.31 g; 1 m m ole) w as suspended  in  m e th a n o l (10 m l) c o n ta in in g  3%  sod ium  m eth- 
o x id e . M eth y l iodide (0.1 m l; 1.6 m m oles) w as ad d ed  an d  th e  m ix tu re  re flu x ed  fo r 8 h rs. D uring  
th is  p e r io d  th e  solid m a te ria l g ra d u a lly  d isso lved . T h e  red  so lu tion  w as e v a p o ra te d  to  d ryness 
a n d  th e  p a rtia lly  solid re s id u e  ru b b e d  w ith  w a te r . T he yellow  c ry sta llin e  p ro d u c t  ob tained  
in  th is  w ay  was filte red  o ff a n d  th o ro u g h ly  w ashed  w ith  e th e r  to  rem ove u n c h an g e d  s ta r tin g  
m a te r ia l  (0.07 g; 22 .5% ). T h e  e th e r-in so lu b le  resid u e  w as rec ry sta llized  fro m  m eth an o l to  
y ie ld  0 .14 g (43.5% ) of V lllb , m . p. 199— 200°.
C20H aoO4 (324.36); Calcd. C 74.05; H  6.22. F o u n d  C 74. 35, 74.18; H  6.00, 5 .9 8 % .

0(6)-Anhydro-l-(3-hydroxy-4-methoxyphenyl)-3-methyl-4-ethyl-6-hydroxy-7-methoxy- 
isobenzopyrylium hydroxide (VIIIc)

l-(3 -H y d ro x y -4 -m eth o x y p h en y l)-3 -m eth v l-4 -e th y I-6 -h y d ro x y -7 -m eth o x y iso b en zo p y ry li-  
u m  p e rch lo ra te  (Hie, Z =  C 1 0 4 [5]) (0 .2g ; 0.53 m m oles) w as boiled u p  w ith  e th a n o l (2 ml). A n  
a q u e o u s  m ethanolic  p h o sp h a te  b u ffer o f p H  7 (1 m l) was ad d ed  to  th e  h o t  suspension , w hich 
c a u se d  im m edia te  d isso lu tio n . On s tan d in g , yellow  c ry sta ls  (0.15 g; 8 3 % ) w ere deposited  from  
th e  h o t  solu tion , in. p .: 267— 270° (from  D M F). C20H 2„Oä (340.36).
C alcd . C 70.57; H  5.90. F o u n d  C 70.36, 70.28; H  5.67, 5 .78% .
H y d ro c h lo ric  acid a d d u c t (I lle , Z =  Cl), yellow  c ry sta ls , m. p . 240— 242°.

l-(3,4-Dimethoxyphenyl)-3,6,7-trimethoxy-4-ethylnaphthalene (V ic)

VIIIc (0.06 g) w as s tr ir re d  w ith  20%  aqu eo u s N aO H  (1 m l) and  m e th y l su lp h a te  (0.2 m l) 
fo r 4 h rs . a t  room  te m p e ra tu re . T he p re c ip ita te  w as e x tra c te d  w ith  e th e r  an d  th e  e x tra c t 're c ry s 
ta l l iz e d  from  m ethanol to  y ie ld  0.03 g o f Vic, m . p . 146— 147°, id en tif ie d  w ith  a n  au th en tic  
sa m p le  [4] by  m ixed m . p . a n d  IR  sp ec tra .

Reactions of isobenzopyrylium anhydrobases with alkali

(a) The ad d itio n  o f 1 N  aqueous N aO H  to  an  aqueous suspension  of 11a, b ro u g h t ab o u t 
g ra d u a l dissolution of th e  co m p o u n d ; th e  co lour o f th e  so lu tion  tu rn e d  th ro u g h  orange in to  
l ig h t  yellow . Ry passing  c a rb o n  d ioxide in to  th is  so lu tion , H a  could be reco v ered  unchanged .

(b ) As l ie  is in so lu b le  in  aqueous a lk a lie s , i t  was dissolved in  aq u eo u s-e th an o lic  sodium  
h y d ro x id e . On passing c a rb o n  d ioxide in to  th e  so lu tion , l ie  was p re c ip ita te d  unchanged .

(c) On passing c a rb o n  d ioxide in to  an  aqu eo u s-e th an o lic  a lk a lin e  so lu tio n  of VIIIc, a 
p re c ip ita te  d ifferent fro m  th e  s ta r tin g  co m pound  w as o b ta in ed  whose I R  sp e c tru m  corresponded 
to  t h a t  ch aracteris tic  fo r co m p o u n d s of ty p e  I.

(d) Since V illa is in so lu b le  in aqueous a lkalies, its e thano lic  so lu tio n  w as tre a te d  w ith  
I N  N aO H . The IR  sp e c tru m  of th e  p re c ip ita te , o b ta in ed  on passing  c a rb o n  d iox ide in to  the  
so lu tio n , was found to  be e ssen tia lly  id en tica l w ith  th a t  of 1 ,5 -d iketones o f  ty p e  I.

*

T he UV and IR  sp e c tra  w ere tak e n  b y  D r. F . R u f f ; th e  m ic ro an a ly ses w ere perfo rm ed  
b y  th e  s ta f f  of the m ic ro an a ly tic a l lab o ra to rie s  (head : Dr. H . Me d z ih r a d s z k y -S c h w e ig e r ) 
o f  th is  In s ti tu te . The a u th o rs  w ish to  express th e ir  th an k s  to  these  colleagues fo r th e ir v a lu 
ab le  assistance.
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SU M M A RY

The ta u to m eric  s tru c tu re  o f a p rev io u s ly  o b ta in e d  iso b enzopyry lium  an h y d ro b ase , 
0 (6 )-an h y d ro -l-(3 -m e th o x y -4 -h y d ro x y p h en y l)  -3 -m eth y l -4 -e thy l - 6 ,7- d ihydro x y iso b en zo p y ry - 
liu m  h y d rox ide  (П а), h a s  been  proved. E th y la tio n  o f П а  in th e  p resence  of solid p o ta s s iu m  
carb o n a te  yields a n h y d ro -l-(3 -m eth o x y -4 -e th o x y p h en y l)-3 -m eth y l-4 -e th y l-6 -h y d ro x y -7 -e th - 
ox y iso b en zo p y ry liu m  h y d ro x id e  (V illa ). A re la te d  an h y d ro b ase , 0 (6 )-an h y d ro -l-(4 -m e th o x y - 
pheny l)-3 -m eth y l-4 -e th y l-6 ,7 -d ih y d ro x y iso b en zo p y ry !iu m  h y d ro x id e  ( l ie )  was p rep ared  s im i
la r ly  to  H a. The s tru c tu re  o f  th e  la t te r  co m p o u n d  h as  been  p ro v ed  b y  spectroscopical a n d  
chem ical m ethods.

B y  carefu l n e u tra liz a tio n  of th e  iso b en zo p y ry liu m  sa lt l i l e ,  carry in g  a free p h eno lic  
h y d ro x y l group in  p o sitio n  6, 0 (6 )-an h y d ro -l-(3 -m eth o x y -4 -h y d ro x y p h en y l)-3 -m eth y l-4 -e th y l- 
-6 -h y d ro x y -7 -m eth o x y iso b en zo p y ry liu m  h y d ro x id e  (V IIIc) can  b e  o b ta in ed . The h e te ro  r in g  
of th e  anh y d ro b ases УП1а an d  VIUc is c leaved  — in c o n tra s t  to  t h a t  o f  their analogues П а  
an d  П с — by  alkalies.
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1,2,4-TRIAZINES AND CONDENSED DERIVATIVES, VI*

S Y N T H E S IS  O F  6 -M E T H Y L -7 H -T H IA Z O L O [3 ,2 -b ][l,2 ,4 ]T H IA Z IN E -3 (2 H )-D IO N E  A N D
2 -M E T H Y L -6 ,7 -D IH Y D R O -3 ff,8 H -[l,3 ]T H IA Z IN O [3 ,2 -b ][l,2 ,4 ]T R IA Z IN E -3 ,8 -D IO N E

G. D o le sc h a l l , G y. H o r n y a k , L . L á n g ,* *  К . L e m p e r t  and K . Za u e r

(Research Group fo r  A lka lo id  Chemistry o f the H u n g a r ia n  A cadem y o f  Sciences, and D epartm en t 
o f  Organic C hem istry o f the Technical U niversity , B udapest)

R eceived S e p te m b e r  15, 1967

I t  has been  show n in  previous p a p e rs  [1, 2] of th e  p re sen t series t h a t
3 -th io -l,2 ,4 -tr ia z in e -3 ,5 (2 íí,4 Ií)-d io n es  (1) m a y  be tra n sfo rm e d  b y  t r e a t 
m e n t w ith  a p p ro p ria te  b ifunctional co m p o u n d s , such as alky lene halides o r 
a-halo -oxo  com pounds, in to  bicyclic co m p o u n d s c o n ta in in g  th e  th iazo lo - 
[3 ,2-b]- (2a, b) or [ l ,3 ] th ia z in o [3 ,2 -b ][l ,2 ,4 ] tr ia z in e  sk e le to n  (3).

1 2 3 4
a : Z =  H a:u =  1, X =  OH
b:Z = O H b:n =  l , X =  OEt

e :n  =  l . X ** N H j

d :n = 2 . X =  OH
e:n  = 2 . X =  OEt

I t  w as obvious to  t r y  to  perfo rm  th e  above ty p e  o f  reac tio n  b y  u s in g  
halogen  d e riv a tiv es  o f  carboxylic  ac id s, o r  o f ca rboxy lic  acid  d e riv a tiv e s , 
as b ifu n c tio n a l reag en ts . I t  is know n [3] t h a t  3 -th io -6 -m e th y l-l,2 ,4 -tria z in e - 
3 ,5(2H )-d ione (1, R  =  C H 3) reacts w ith  ch lo ro ace tic  ac id  in alkaline so lu tion  
to  y ie ld  3 -(ca rb o x y m e th y lth io )-6 -m e th y l- l,2 ,4 -tr ia z in -5 (2 H )-one  (4a), w h ile  
th e  reac tio n  o f th e  sodium  sa lt of 1 (R  =  C H 3) w ith  th e  sam e reag en t in  a n h y -

* P a r t  Y: G. D o lesc h a l l , M. H orny á k -H á m o r i, К . L e m p e r t : A cta  Chim. A cad . Sei. 
H u n g . 55, 319 (1968).

** P re se n t ad d ress : Spectroscopical D ep a rtm en t o f  the H ung a ria n  Optical W orks, 
Budapest.
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d ro u s  e th an o l gives th e  e th y l e s te r  (4b) of 4a.* W e p rep a red  com pounds 4a a n d  
4b b y  using  b rom oacetic  acid  an d  its  e th y l e s te r, re spec tive ly , as reag en ts . I t  
m a y  be n o ted  th a t  th e  e s te r  4b w as fo u n d  to  be th e  reac tio n  p ro d u c t in s te a d  
o f  th e  ex p ec ted  4c even  if  1 (R  =  C H 3) w as re a c te d  w ith  ch lo roace tam ide  in  
e th a n o lic  so lu tion  in  th e  p resence  o f sod iu m  ethox ide .

B y  reac tin g  th e  sod ium  sa lt o f 1 (R  =  C H 3) w ith  /S -brom opropionic 
a c id , 4d sim ilarly  w as o b ta in e d .

F o r  p rep arin g  th e  desired  b icyclic  1, 2, 4 -triaz ine  d e riv a tiv e s , th e  cycli- 
z a tio n  o f carboxy lic  acids 4a an d  4d h a d  to  be effected . O n t r e a tm e n t in  ace tic  
a n h y d rid e  w ith  d ry  h y d ro g en  ch loride 4a elim in a tes  one m olecule of w a te r  to  
y ie ld  6 -m e th y l-7 i/-th iazo lo [3 ,2 -b ] [l,2 ,4 ]triaz in e -3 (2 H ),7 -d io n e  (5). 4d m a y  
s im ila rly  be cyclized b y  ace tic  a n h y d rid e , e ith e r  in  th e  p resence  of p y rid in e  o r 
b y  passin g  d ry  h y d ro g en  ch loride in to  th e  reac tio n  m ix tu re , to  y ield  2 -m e th - 
y l-6 ,7 -d ih y d ro -3 H ,8 H [l,3 ] th ia z in o [3 ,2 -b ]  [1,2,4 ]triaz ine-3 ,8 -d ione  (8 ).

5 :R  =  H
6:11 =CFb<:n<)H

I t  will he n o ticed  th a t  th e  above sy n th eses  are n o t s tru c tu re  p ro v in g , 
b ecau se  th e  cycliza tions p erfo rm ed  in  th e  f in a l steps could also have fu rn ish e d  
th e  isom erides co n ta in in g  th e  th iazo lo [2 ,3 -c ]- (7) an d  [ l,3 ] th ia z in o [2 ,3 -c ]-  
[ l ,2 ,4 ] tr ia z in e  skele tons (9), re sp ec tiv e ly . T he correc tness o f th e  a ssigned  
s tru c tu re s  5 an d  8 , how ever, is p ro v ed  u n eq u iv o ca lly  b y  th e  sp ec tra l p ro p e rtie s  
o f  th e  p ro d u c ts  w hich will be discussed in  som e detail below .

*

5 an d  especially  8  p ro v ed  to  be v e ry  reac tiv e  com pounds reac tin g  easily  
w ith  nucleophilic  reag en ts  u n d e r c leavage o f  th e  am ide g roup  in c o rp o ra te d  
in to  th e  th iazo le  an d  1 ,3 -th iaz ine  rings, re spec tive ly , an d  th e re b y  a c y la tin g  
th e  nucleophiles. T h u s, a lth o u g h  5 m ay  be  recry sta llized  from  e th an o l, on p ro 
lo n g ed  s tan d in g  in  e th an o lic  so lu tion  i t  is co n v erted  in to  4b, an d  by  t r e a tm e n t

* C om pounds 4 a — e are  p o ten tia lly  ta u to m e ric  b u t  ex is t, as d e m o n s tra ted  b y  sp e c tro - 
sc o p ica l m ethods (see below  an d  cf. [1, 4]), in  th e  fo rm s dep ic ted  above.
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w ith  e than o lic  am m o n ia , 4c [2] is o b ta in ed . 8 , on th e  o th e r  hand , does n o t  
su rv ive  even  re c ry s ta lliz a tio n  from  e th a n o l: i t  suffers alcoholysis to  y ie ld  4e, 
while t r e a tm e n t  w ith  m oist acetone gives th e  h y d ro ly s is  p ro d u c t 4d.

*

T he sy n th es is  o f 5 was ach ieved  also b y  a “ re v e rse d ”  ro u te , by  c o n s tru c t
in g  f irs tly  th e  th iazo le  ring , an d  th e n , b y  th e  aid  o f p ro p e rly  selected s u b s ti
tu e n ts  of th e  f i r s t  r in g , condensing  th e  1 ,2 ,4 -triaz ine  r in g  to  it.

The s ta r t in g  com pound  14a [5], w hich a lread y  c o n ta in e d  the  th iazo le  sk e l
e to n , was p re p a re d  from  acetone th io sem icarbazone  (10) and  e thy l ch loro- 
ace ta te .

As is well k n o w n  [5, 6], th e  4 -th iazo lid inone  sy n th esis s ta r t in g  w ith  th iosem icarb azo n es 
a n d  a -h alogenoac ids o r d e riv a tiv e s  o f th e  la t te r  is general b u t ,  u n fo rtu n a te ly , n o t s t ru c tu re  
p ro v ing . T h u s e. g ., in  th e  above case th e  s tru c tu re  o f th e  c o n d en sa tio n  p roduct could  be  b e 
sides 14a also 1 5 a  or 16a. M oreover, according to  W ilso n  an d  B u r n s , i t  is ju s t  s tru c tu re  14a 
w hich  should  not be ta k e n  in to  co n sid era tio n  fo r th e  p ro d u c t, b e ca u se  i ts  acid hydro lysis y ie ld s  
2 ,4 -th iazo lin ed io n e  (17) [5]. Since, how ever,

H

Me.
N -R

n A
M

о R

14 15 16

1 0 : X =  Me; R '=  H a:X  =  Me; R = R = H
11: X — R ' =  Me b:X =  R =  Me; R =H
12: X =  COOH; R =  H c :X =  COOH; R = R  = H
13: X = C O O H ; R '=  Me d :X  =  COOMe; R =  H; R '= M e

e: X =  Me; R =  CH2C O O H ; R '= H
f: X =  R =  Me; R =  CHjCOOM e
g: X =COGH; R = C H 2C O O H ; R = H
h :X = C O O H ; R =  CH2COOMe; R '=M e
i:X  =  COOMe; R —CH2COOMe; R '= Me

О

R

du rin g  acid  h y d ro ly s is  p re lim in a ry  isom erization  o f 14a in to  1 5 a  (o r 16a) is n o t a priori ex c lu d ed  
—  in  fac t, re a r ra n g e m e n ts  of th is  ty p e  have  b een  o bserved  b y  d iffe re n t au tho rs [7— 10] — 
th e  fo rm atio n  of 17 b y  no m eans p recludes th e  co rrec tness o f s t ru c tu re  14a.

A ccord ing  to  o u r spectroscopic  s tud ies , s tru c tu re  16a m ay  u n d o u b ted ly  be  ex c lu d ed  
fo r th e  co n d en sa tio n  p ro d u c t. B y  s ta r tin g  w ith  th e  4 -m eth y l-th io sem icarb azo n e  (11) in s te a d  
o f th e  u n s u b s ti tu te d  th io sem icarb azo n e  of ace to n e , an  analogous p ro d u c t could be  o b ta in e d  
whose UV sp e c tru m  w as fo u n d  to  be p ra c tic a lly  id en tica l w ith  t h a t  o f  th e  cond en sa tio n  p ro 
d u c t o f ace tone  th io sem ica rb azo n e , w hile th e  IR  sp ec tra  o f th e  tw o  p ro d u c ts p ro v ed  to  be 
id en tica l in  th e  d o u b le  b o n d  region being th e  m o st re le v an t to  th e  p re sen t problem . F o r  th e  
co n densation  p ro d u c t o b ta in ed  from  ace tone  4 -m eth y lth io sem icarb azo n e , how ever, o n ly  
s tru c tu re s  14b a n d  15b  a re  possible an d  s tru c tu re  16b is no t.
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F ro m  th e  rem a in in g  tw o  a lte rn a tiv e  s tru c tu re s ,  14a and 15a  th e  fo rm er seem s to  b e  
m o re  p ro b ab le  for th e  co n d en sa tio n  p ro d u c t o b ta in e d  w ith  acetone th io sem ica rb azo n e . S tru c 
tu re s  1 5 a  and  16a, th e  la t te r  be ing  p rec lu d ed  j u s t  ab o v e , should n a m e ly  be  m u tu a lly  t a u t o 
m eric , an d  tau to m eric  eq u ilib ria  o f  th is  ty p e  are  —  according to  d iffe re n t a u th o rs  (c f e . g .  
[11— 14]) —  alw ays s tro n g ly  sh ifted , a t  th e  ex p en se  o f th e  “ im ino fo rm s”  co rresp o n d in g  to  
1 5 a , to w a rd s  th e  “ am ino  fo rm s”  co rresp o n d in g  to  16a. I t  m ay th ere fo re  be  assum ed  th a t ,  in 
o u r  case , fo rm  15a is in cap ab le  o f ex is ting .

C onsidering th e  ab ove  fa c ts , in  th e  fo llow ing  on ly  s tru c tu re  14a  (a n d  its  analogues) 
w ill b e  tak e n  in to  considera tion .

*

B y  h ea tin g  14a in  aqueous m e th a n o l w ith  pyruv ic  acid , i ts  ace tone  m o ie ty  
m a y  be expelled an d  rep laced  by  p y ru v ic  ac id  to  give 14c. B y  re flux ing  14c 
w ith  a m ix tu re  o f ace tic  acid  an d  ace tic  a n h y d rid e , a p ro d u c t, id en tica l in  a ll 
re sp e c ts  w ith  5 p rep a red  b y  a n o th e r  ro u te  as a lready  d esc rib ed  above, w as 
o b ta in e d .

F o rm a tio n  of 5 in  th e  la t te r  re ac tio n  m a y  b e  exp lained  m ost re a d ily  i f  s tru c tu re  14c 
is su p p o sed  for th e  s ta r tin g  com pound. T h is s t ru c tu re ,  how ever, is n o t  p ro v e d  by  th e  course  
o f  th e  cycliza tion  —  a n d  th e  a lte rn a tiv e  s tru c tu re s  15c an d  16c are th e re b y  n o t  p recluded  — * 
s in ce  tra n s ie n t  open ing  an d  su b seq u en t closure  o f th e  th iazo le  ring in  th e  o th e r  possib le d irec tio n  
d u r in g  closure o f th e  tr ia z in e  cycle m ay  n o t  b e  p rec lu d ed .

*

E x p erim en ts  w ere also co n d u c ted  w ith  th e  aim  to  sy n th es ize  th e  ca rb - 
o x y m e th y la te d  analogue 6  o f 5, a n a lo g o u sly  to  the  second sy n th esis  o f th e  
la t t e r .  The s ta r tin g  com pound  14e [15] n eed ed  fo r th is  o b jec t is re a d ily  accessible 
b y  condensing  m aleic an h y d rid e  w ith  1 0 .

*

T h e  4 -th iazo lid inone sy n th esis  u sed  fo r th e  p re p a ra tio n  of 14e is, as w ell as th e  sy n th esis  
d iscu ssed  above, q u ite  g en era l [6, 15— 17] b u t ,  a g a in  n o t s tru c tu re  p ro v in g , p e rm ittin g  fo r  
th e  p ro d u c t  s tru c tu re s  15e  an d  16e besides s t ru c tu re  14e.

T he acetone m o ie ty  in  14e m ay  be a g a in , as in 14a, re p la c e d  by  p y ru v ic  
ac id  to  y ield  14g. T he la t te r  could  also be p re p a re d  — th o u g h  in  a low er y ie ld  — 
s ta r t in g  d irec tly  w ith  p y ru v ic  acid th io sem ica rb azo n e  (1 2 ) a n d  m aleic a n h y 
d rid e . In  c o n tra s t to  14c, 14g could  n o t  be  cyclized to  th e  desired  p ro d u c t 6 .

A tte m p ts  to  p rep a re  6  d irec tly  b y  condensing  1 (R  =  C H 3) w ith  m ale ic  
a n h y d rid e  also failed because these  tw o  com pounds did n o t re a c t.

*
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Spectroscopic investigations

A n inspection  o f form ulas 5 a n d  7 an d  8 and  9, re sp ec tiv e ly , re a d ily  
reveals  th a t  th e  tw o a lte rn a tiv e  s tru c tu re s  of th e  cyc liza tion  p ro d u c t o f 4a as 
well as of 4d differ considerab ly . W h ile  th e  chrom ophoric  sy stem  of 5 a n d  8 
is c ross-con jugated , th e  co n ju g a tio n  in  7 an d  9 is seen to  be co n tin u o u s. A c
co rd ing  to  prev ious experience [1, 2 , 4 ]  th is  difference sh o u ld  be su ffic ien t to  
allow  choice betw een  th e  a lte rn a tiv e  s tru c tu re s  of th e  p ro d u c ts  b ased  on a 
s tu d y  o f th e ir  UV an d  IR  sp ec tra . A  fu r th e r  im p o rta n t d ifference betw een  
th e  a lte rn a tiv e  s tru c tu re s  is th a t ,  w h ile  a d iacy lam ine-like p a r tia l  s tru c tu re , 
s im ila r to  th a t  found  in  iV -acy l-y -lactam s, is in co rp o ra ted  in to  7 an d  9 —p erh ap s  
i t  w ould  be even m ore ad eq u a te  to  sp e a k  of an  IV ,IV-diacylam idine p a r tia l  
s tru c tu re  (18) —, in 5 a n d  8 no such  s t ru c tu re  is found . T h is difference shou ld  
ag a in , enable us to  decide betw een  th e  a lte rn a tiv e  s tru c tu re s , b y  m eans o f 
th e  IR  spec tra .

N - C
I

О

17 18

a :R  =  H ; R '=  Me 
b:R  =  Me; R '= H  
c :R =  Ac; R' =  Me

In  Fig. 1 th e  UY sp ec tru m , re c o rd e d  in  d ioxane,*  o f  th e  cycliza tion  
p ro d u c t o f 4a is show n to g e th e r  w ith  th e  sp ec tra  of 2a (R  =  Me) [1] an d  19 
[1], ta k e n  in  e th an o l, fo r com parison . I n  T ab le  I th e  sp e c tra l d a ta  o f th e  sam e 
com pounds are com piled  to g e th e r w ith  th o se  of the  cy c liza tio n  p ro d u c t o f  4d 
a n d  th e  a ce ty la tio n  p ro d u c t of 20a, as w ell as those of 3 (R  =  Me) [1], 20b an d  
2 1 ,**  used  as m odel com pounds.

F ro m  th e  shapes o f th e  curves sh o w n  in  Fig. 1, as w ell as from  th e  d a ta  
p re se n te d  in  T able I , i t  m ay  be u n eq u iv o c a lly  deduced  th a t  th e  s tru c tu re s  
o f th e  cycliza tion  p ro d u c ts  of 4a a n d  4d are  analogous to  th o se  o f th e  m odel 
com pounds con ta in in g  th e  c ro ss-co n ju g a ted  ch rom ophoric  sy stem , th e ir  
co rrec t s tru c tu re s , th e re fo re , being 5 a n d  8, respective ly , a n d  n o t 7 an d  9. 
T h u s , ring  closure of 4a a n d  4d tak es  p la c e  u n d e r p a r tic ip a tio n  o f N -2, n o t IV-4 
o f th e  tr ia z in e  ring , th is  conclusion b e in g  in  ag reem ent w ith  th e  o b se rv a tio n  th a t  
th e  s tro n g e s t nucleophilic  cen te r  of co m p o u n d s  of ty p es 4 a n d  20a isIV-2 [1 .1 8 ].

* T he sp ec tru m  m ay  n o t  be recorded  in  e th a n o l because of th e  ra p id  alcoholysis o f th e  
co m p o u n d , as a consequence o f w hich th e  sp e c tru m  of 4b w ould be o b ta in e d  u n d e r  these, 
co n d itio n s.

** T he la t te r  tw o m odel com pounds w ere  k in d ly  fu rn ished  b y  D r. J .  Gu t , In s titu te  fo r  
Organic Chem istry and B iochem istry o f  the Czechoslovak Academ y o f  Sciences , Prague.
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I t  is in te res tin g  to  n o te  t h a t  th e  ab so rp tio n  b a n d  in  th e  v ic in ity  o f  250 nm  is fo u n d  to  
b e  sp lit in  th e  UY sp e c tra  o f  co m pounds 5 an d  8, a n d , as a  consequence, b roadened  in  th e  
d ire c tio n  of h igher w ave  len g th s , as com pared  to  th e  co rresp o n d in g  b a n d s  o f th e  m odel com 
p o u n d s  2 a ,  3 and  2 0 b .  T h is  sp l i tt in g  and  b ro ad en in g  is also fo u n d  in  th e  sp ec tru m  of th e  m ono- 
cyclic  ace ty la tio n  p ro d u c t  ( 2 0 c )  of 2 0 a .  T herefore, i t  m u st be a consequence  of the  fa c t t h a t  
th e  r in g  n itro g en  a to m  in  p o s it io n  2 o f th e  tr ia z in e  r in g  is a cy la te d  in  th e  com pounds d iscussed . 
S tru c tu re  2 0 c  for th e  a c e ty la tio n  p ro d u c t has also b een  deduced  fro m  th e  UV  spec trum .

Fig. 1. U ltrav io le t sp ec tra
---------- C yclization p ro d u c t  ( 5 )  of 4 a  in  an h y d ro u s  d io x an e ; ----------- 2 a  (R = M e ), in  e th a n o l;

............  19, in  e th a n o l

The positions o f th e  ca rb o n y l b an d s  o f th e  cyc liza tio n  p ro d u c t o f 4 a  
a re  also show n in  T ab le  I .  T he w ave n u m b ers  fo u n d  seem  to  be m uch too  low  in  
com parison  w ith  th o se  ex p ec ted  fo r s tru c tu re  7. The c a rb o n y l bands, e. g ., o f
l-ace ty l-5 -b en zy lid en eh y d an to in s  (22) w hich  also co n ta in  th e  iV -acylated y-  
-lac tam -like  p a r t ia l  s tru c tu re , are  found  b e tw een  1800 — 1778, 1775 —1742 a n d  
1713 —1712 c m -1 , re sp ec tiv e ly  [19], w hile those  of th e  im idazopyrim id ine- 
d ione 23, a co m p o u n d  even  m ore closely re la te d  to  7, a re  fo u n d  a t 1815, 1720 
a n d  1695 c m - 1  [20]. H ow ever, th e

,iMb

W  'S M e  
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О
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Table I

U V  and I R  spectra o f  some simple 1,2,4-triasine derivatives

Compound Solvent Яшах W  (log <0 vc =o (cm-1) (KBr-pellet)

Cyclization p ro d u c t (5) o f 4a D ry  d ioxane 232 (4.18); 255 (4.06) 1760 and  1690
Cyclization p ro d u c t (8) of 4d „ 238 (4.14); 264 (4.24) 1765 an d  1675
A cety lation  p ro d u c t (20c) of 20a ” 242 (4.18); 264 (4.19) 1745 and  1685

2a (R  =  Me) [1] E th an o l 232 (4.32) 1645
3 (R  =  Me) [1] 238 (4.36) 1645

20b* [11 M ethanol 235 (4.38) 1670
19 [1] E thano l 212 (4.07); 225 (3.96), shoulder; 292 (3.83) 1685
21* [1] M ethanol 208 (4.11); 226 (3.76), shoulder; 298 (3.92) 1695

* These m odel com pounds were k in d ly  fu rn ished  by  D r. J .  Gu t  (In stitu te  fo r  Organic Chemistry and Biochemistry o f  the Czechoslovak 
Academ y o f  Sciences, Prague)
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p o sitio n s of th e  c a rb o n y l bands of th e  cy c liza tio n  p ro d u c t o f 4a agree well 
w ith  s tru c tu re  5 as show n, fo r exam ple, b y  com parison  w ith  th e  positions 
o f  th e  carbony l b a n d s  (1770 an d  1660 c m -1 ) o f th e  im idazoqu inazo lined ione  
24 [21].

*

C om pounds 4a-e a re  seen to  be a t  le a s t p o te n tia lly  ta u to m e ric . The h y d ro 
gen a to m  show n in  th e  ab o v e  form ulas a t  IV- 2  cou ld , in  p rin c ip le , be a tta c h e d  
e ith e r  to  1V-4 (5(41T)-one form ), or to  th e  oxygen  a to m  o f th e  rin g  carbony l 
g ro u p  (arom atic  fo rm ). T he free acids are  p re se n t in  alcoholic so lu tion , as 
show n  b y  a com parison  o f  th e ir  UV sp ec tra  w ith  tho se  o f th e  m odel com pounds 
20b, 21 and  25 [23] (cf. T ab les I an d  II), u n d o u b te d ly  in  th e  fo rm s 4a an d  4d. 
A t co n cen tra tio n s o f a n d  h igher th a n  10 “ 4 m o les/lit. th e  e s te rs , to o , are ex isting  
in  th e  co rresponding  ta u to m e r ic  form s (4b a n d  4e).

Table I I

U V  spectra o f  some 1,2,4-triazine derivatives ( in  ethanol)

Compound Ama* W  (log e) Notes

4 a 232 (4.27)

4d 236 (4.30)

4c 235 (4.26)

4b 233.5 (4.28) C =  8.8 • 10“ 5 — 8.9 ■ 10-« m oles/lit.

4b 217 (4.18); 290 (3.77) c =  5.74 • 10~6 — 5.7 • 10~5 m oles/lit.

4e 234 (4.26) c =  4.3 • 10~4 m oles/lit.

4e 225 (4.14); 288 (3.72) c =  4.3 • КГ n m oles/lit.

26a  [23] 228 (4.24); 300 (3.69) in  IV/1000 aqueous N aO H

26b [23] 228 (4.21); 296 (3.76) in iV/1000 e thano lic  N aO H

*

B y  reducing  th e  c o n c e n tra tio n  of th e ir  e th a n o lic  so lu tions to  o r be low  10“ 5 m oles/lit., 
th e  sh ap es o f th e  UV  sp e c tra  o f 4b an d  4e a re  c h a ra c te ris tic a lly  changed  a n d  becom e p rac tica lly  
id e n tic a l w ith  th a t  o f m o d e l co m pound  25 co n ta in in g  an  a ro m a tic  bo n d  sy s tem .

О

b:K =  Et
b:n =  1
e: n =  2
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T he c o n ce n tra tio n  dependence of th e  la t t e r  sp ec tra  m ay  be  in te rp re te d  b y  a ssu m in g  
e lec tro ly tic  d issoc ia tion  o f  th e  hydrogen  a to m s a tta c h e d  to  N — 2 in  4b and 4e, a n d  an  
a c tu a l  e lectron  d is tr ib u tio n  in  th e  resu lting  m esom eric  an ions c losely  ap p ro ach in g  th a t  re p re 
se n te d  by  fo rm ula  26.*

T he ad m iss ib ility  o f  th e  above a ssu m p tio n s  is su b s ta n tia te d  b y  th e  fac t t h a t  in  th e  
case o f com pounds 4a a n d  4|d, in  w hich th e  p resen ce  o f th e  free c a rb o x y l group  necessarily  s u p 
p resses th e  h e te ro ly tic  d isso c ia tio n  of th e  N (2 )-H  b o n d , no  c o n ce n tra tio n  dependence  of 
th e  UV sp ec tra  cou ld  be  obse rv ed , a t  le a s t a t  d ilu tio n s  u p  to  10“  6 m o le s /lit.; fu rth e rm o re , b y  
th e  o b se rv a tio n  th a t  ch an g es o f th e  UV sp e c tra  analogous to  th o se  b ro u g h t ab o u t b y  d ilu tio n  
in th e  case o f co m p o u n d s 4b an d  4e, m ay  also b e  p ro d u ced  b y  a d d in g  alkalies to th e  so lu 
tio n s , a n d  t h a t  n o t o n ly  w ith  so lu tions o f co m p o u n d s 4b and  4e, b u t  a lso  o f com pounds 4a a n d  
4d (с/. [24]).

E xperim ental**

3-(Ethoxycarbonylmethylthio)-6-methyl-l,2,4-triazm -5(2/f)-one (4b)

Sodium  (0.46 g; 20 m g-atom s) and th e n  3 -th io -6 -m eth y l-l,2 ,4 -tr iaz in e -3 ,5 (2 ff ,4 if)-d io n e  
(1, R =  Me) (2.86 g; 20 m m oles) were d issolved in  d ry  e th an o i (40 m l); chloroaeetam ide (1.85 g; 
20 m m oles) was ad d ed  a n d  th e  m ix tu re  re flu x ed  fo r 1/2 h r. T he o ily  re s id u e  ob tained  o n  e v a p 
o ra tio n  of th e  so lv en t in  v a cu u m  was ru b b e d  w ith  w a te r  (15 m l), w hen  i t  solidified. T h e  
p ro d u c t w as filte red  o ff a n d  d ried  in air a t  80° to  y ield  1.3 g (2 8 % )*  ** o f 4b, m. p ., a f te r  r e 
c ry s ta lliz a tio n  from  e th y l  a c e ta te , and m ix ed  m . p . w ith  an  a u th e n t ic  sam ple p re p a re d  as 
desc rib ed  in  lite ra tu re  [3, 22]: 173—4°; lit. m . p .: 165— 6° (e th an o l) [22].
C„Hu N 30 3S (229.3) C alcd. N  18.75 S 14.31. F o u n d  N  18.51, 18.47; S 14.01, 14.02% .

3-(2-Carboxyethylthio)-6-m ethyl-l,2,4-triazin-5(2if)-one (4d)

A m ix tu re  co n sis tin g  o f 1 (R = M e ) (5.0 g ; 35 m m oles), so d iu m  hydroxide (2.8 g ; 70 
m m oles), в  - bro mo p ro p i о ni c acid  (6.15 g; 40 m m oles) an d  w a te r  (50 m l) was refluxed  fo r 15 
m in . an d , a f te r  cooling, ac id ified  w ith  cone. HC1. T h e  c ry sta llin e  p ro d u c t  was w ashed w ith  a 
sm all a m o u n t o f w a te r  a n d  d ried  in  air a t  80° to  y ie ld  2.1 g (2 8 % ) o f 4d, m. p. 186° (from  
n itro  m ethane).
C7H 9N 30 3S (215.2). C alcd. N  19.53; S 14.90. F o u n d  N  19.79, 19.53; S 14.52, 14.43% .

6 - Methyl- 7 / / - thia*:>lii| 3.2-i> I [l,2,4]triazine-3(2jH),7-dione (5)]

(а) To a d ry  e th a n o lic  so lu tion  (80 m l) o f m e ta llic  sodium  (0.92 g; 40 m g-atom s) a n d  1 
(2.86 g; 20 m m oles) b ro m o ac e tic  acid (2.78 g; 20 m m oles) w as a d d e d , th e  m ix tu re  re flu x e d  
fo r 1/2 h r. an d  c o n c e n tra te d  to  ab o u t 10 m l. A fte r  cooling, th e  so d iu m  brom ide co n ta in in g  
c ry s ta ls  o f th e  N a -sa lt  o f 4a  (4.9 g) were f i lte re d  o ff an d  dried  in  a ir . T he p ro d u c t w as s u s 
p en d ed  in  ace tic  a n h y d r id e  (50 m l) and  a s tre a m  of d ry  hy d ro g en  ch lo rid e  was passed  fo r 3/4 
h o u rs  in to  th e  m ix tu re , w ith  stirrin g . A sp o n ta n eo u s  rise  o f te m p e ra tu re  (60—80°) w as o b 
se rv ed . F o r co m ple ting  th e  reac tio n , th e  in tro d u c tio n  o f HC1 gas w as c o n tin u e d  for a n o th e r  10 
m in . u n d e r re flu x in g . U n d isso lv ed  inorganic sa lts  w ere rem oved  b y  f i l t r a tio n  of th e  h o t  so lu 
tio n , an d , a f te r  cooling, th e  f i l t r a te  was k e p t  o v e rn ig h t in  a re fr ig e ra to r  w hereby c ry s ta ls  o f 
5  (1.9 g; 52% ) dep o sited  in  th e  form  of yellow  need les . T he la t te r  w ere  f ilte red  off by  su c tio n , 
w ash ed  w ith  d ry  e th e r  a n d  d ried  in  v acuum  o v e r p a ra f f in  shav ings, m . p . 175° (from  d io x an e). 
C6H 5N 30 ,S  (183.2) C alcd. N  22.95; S 17.50. F o u n d  N  23.05; S 17 .52% .

(б) A m ix tu re  o f  14c (see below) (8.0 g ; 40 m m oles), ace tic  a c id  (150 ml) an d  a ce tic  
an h y d rid e  (40 m l) w as re flu x e d  fo r 3 h rs., th e  so lu tio n  filte red  a n d  e v a p o ra te d  to  d ry n ess  in  
v a cu u m . T he residue w as d issolved in ace to n e  (10 m l) b y  g en tle  h e a tin g  and th e  p ro d u c t  
p re c ip ita te d  b y  th e  a d d itio n  o f e th e r (30 m l) to  o b ta in  4.6 g (6 3 % ) o f 5, m. p .: 178— 9° 
(from  d ioxane). T he p ro d u c t  w as shown b y  m ix e d  m . p . and  th e  I R  sp e c tru m  to be id e n tic a l 
w ith  th e  p ro d u c t p re p a re d  acco rd ing  to  (a).

* A sim ilar c o n c e n tra tio n  dependence o f  th e  ÜV sp ec tra  w as fo u n d  in  th e  case o f 20a  
as w ell as o f o th e r re la te d  1 ,2 ,4-triazines (с/. [24]).

** All m . p .’s a re  u n co rrec ted .
* * * F ro m  th e  a q u eo u s  m o th e r liquor r a th e r  la rg e  ad d itio n a l a m o u n ts  of a  less p u re  

p ro d u c t could  be o b ta in e d .
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2-M ethyl-6,7-dihydro-3W ,8/l-[l,3]thiazino[3.2-b][l,2.4]triazine-3,8-dione (8)

(a ) A  m ix tu re  o f 4d (1.5 g; 7 m m oles), a ce tic  an h y d rid e  an d  p y r id in e  (15 ml each) w as 
s t i r r e d  fo r  15 m in. a t  room  te m p e ra tu re  a n d  th e  yellow ish  so lu tion  o b ta in e d , su b seq u e n tly  
e v a p o ra te d  to  dryness in  v acu u m . T he yellow ish  c ry s ta llin e  residue w as su sp en d ed  in  e th e r , 
f i l te re d  o ff  b y  suc tion  an d  d ried  o v er P20 5 in  v a c u u m  to  y ield 1.24 g  (9 0 % ) o f 8, m. p . 155— 6° 
(fro m  a ce tic  an h y d ride-ether).
C7H 7N 30 2S (197.2) Calcd. C 42.63; H  3.58: N  21.31. F o u n d  C 42.90, 43.00; H  3.88, 3.40; N  21.31, 
2 1 .5 7 % .

(b) In to  a suspension o f 4d (0.5 g: 2.3 m m oles) in  acetic a n h y d rid e  (20 m l) a s tre a m  of 
d ry  h y d ro g e n  chloride w as p assed , w ith  s tir r in g . A f te r  ap p ro x im ate ly  10 m in . a  clear so lu tio n  
r e su lte d  from  which, a f te r  a n o th e r  10 m in ., co lou rless c ry sta ls began to  d ep o site . A fte r s t ir r in g  
fo r  fu r th e r  10 m in. th e  p ro d u c t was f ilte red  off a n d  w orked up  as u n d e r  (a) to  y ield  0.37 g 
(8 3 % ) o f 8, m . p . and  m ixed  m . p. w ith  th e  p ro d u c t  p rep ared  acco rd ing  to  (a ) 155— 6°.

E th a n o lysis

8 (1.0 g; 5 m m oles) w as boiled  u p  w ith  d ry  e th a n o l (10 m l) a n d  th e  so lu tio n  e v a p o ra te d  
to  d ry n e ss  in vacuum . B y  c ry s ta lliz a tio n  of th e  o ily  residue from  ace to n e -p e tro leu m  e th e r  
0.51 g (4 0 % ) of 4e, m. p .: 108— 9°, w as o b ta in ed .
C9H ,3N 30 3S (243.3) Calcd. N  17.28; S 13.17. F o u n d : N  17.48, 17.46; S 12 .80, 13.06% .

T h e  above p ro d u c t p ro v ed  b y  m . p. a n d  m ix e d  m. p. d e te rm in a tio n  to  be  id e n tic a l 
w ith  a n  a u th e n tic  sam ple p re p a re d  from  4d b y  d ire c t  esterifica tion  w ith  e th a n o l in  th e  p resen ce  
of h y d ro c h lo ric  acid.

H ydro lysis

A n  aqueous suspension  (5 m l) o f 8 (0.1 g; 0.5 m m oles) was s tir re d  5 m in . a t  ro o m  t e m 
p e ra tu re ,  d u rin g  w hich tim e  hyd ro ly sis  to  4d w as com plete, in  sp ite  o f  th e  h e te ro g en eo u s 
sy s te m  u sed . Y ield: 87 m g (80% ), m . p. an d  m ix e d  m . p. w ith  an a u th e n tic  sam ple  o f 4d: 186°.

Table III

U V  spectra o f  some 2-im ino-3-alkylideneam ino-4-th iazolid inones ( in  ethanol)

Compound •Imax M  (log e)

14a
14b
14c
14f

220 (4.21); 258 (4.17) 
226 (4.22); 258 (4.17) 
220 (4.19); 260 (4.18) 
228 (4.19); 258 (4.19)

14c 242 (4.09); 285 (4.22)
14d 248 (4.12); 284 (4.10)
14h 247 (4.14); 283 (4.15)
14i 248 (4.11); 286 (4.18)

2-Imino-3-(isopropylideneamino) -4-thiazolidinone (14a)

F o r  th e  p re p a ra tio n  o f 14a th e  m eth o d  d esc rib ed  in  lite ra tu re  [5] w as used  w ith  th e  
o n ly  d ifference th a t  th e  sod ium  sa lt o f a ce to n e  th iosem icarbazone  (10) w as n o t  iso la ted  b u t ,  
in s te a d , in  situ  re ac ted  w ith  e th y l c h lo ro ace ta te . Y ie ld : 75.5% ; m. p . 177— 8° (lit. [51 m . p . 
175— 6°).

F o r  th e  spec tra l d a ta  of 14a an d  its  an a lo g u es  14b— i, see T ab le  I I I .

B y  passing  d ry  HC1 in to  a so lu tio n  of 14a in  d ry  dioxane, th e  h y d ro ch lo rid e  w as o b 
ta in e d  in  th eo re tica l y ield , m . p. 195° (dec.).
C6H 6N 40 S .H C 1  (207.5) Calcd. Cl 17.1; S 15.41. F o u n d  Cl 16.77; S 15 .50% .
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2-Methylimino-3-(isopropylideneamino)-4-thiazolidinone (14b)

(a) A cetone  4 -m eth y lth io sem icarb azo n e  (11) [25] (3 .0  g; 21 m m oles) w as d isso lved  in  a 
w arm , d ry  m eth an o lic  so lu tio n  (10 m l) o f m eta llic  so d iu m  (0.50 g; 22 m g-atom s). A fte r co o lin g , 
e th y l ch lo ro ace ta te  (2.66 g; 22 m m oles) w as ad d ed  b y  d ro p s , an d  th e  re su ltin g  m ix tu re  re flu x e d  
fo r 1.5 hrs. on a s te a m  b a th . T he p ro d u c t was f in a lly  p re c ip ita te d  b y  th e  ad d itio n  o f  w a te r , 
f ilte red  off, a n d  w ash ed  w ith  w a te r to  y ield  2.70 g (7 1 % ) of 14b, m . p . 102— 3° (a fte r  su b li
m a tio n  a t  5— 6 T o rr , b a th  tem p e ra tu re : 90— 110°).

(b) 14a (1.2 g ; 7 m m oles) w as m e th y la te d  in  d ioxane  so lu tio n  w ith  d iaz o m e th an e  
(e th e re a l so lu tion ). T h e  o ily  residue o b ta in ed  on  e v a p o ra tio n  so lid ified  on ru b b in g  w ith  w a te r  
(10  m l) to  y ie ld  0.9 g (70% ) of a p ro d u c t w hich , a f te r  su b lim a tio n , p ro v ed  by  m . p . (102— 3°) 
a n d  m ixed  m . p. 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).
C ,H l tN 3OS (185.2). C alcd. C 45.40; H  5.99; N  22.69. F o u n d  C 46.00, 46.02: H  5.99, 6 .29 : 
N  22.21, 22 .63% .

2-Imino-3-(l-carboxyethylideneamino)-4-thiazolidinone (14c)

A m ix tu re  o f  14a (6 .0  g; 35 m m oles), p y ru v ic  acid  (3.6 g; 42 m m oles), m e th an o l (30 m l) 
a n d  w a te r  (50 m l) w as re flu x e d  fo r 1.5 h rs. on a s team  b a th .  T be so lu tio n  Was th en  e v a p o ra te d  
to  ap p ro x im a te ly  4/5 p a r ts  o f  i ts  o rig inal vo lum e. A fte r  cooling, th e  c rysta lline  p ro d u c t w as 
f ilte red  off an d  w ash ed  w ith  w a te r  to  y ield  3.7 g (5 2 % ) o f 14c, m. p. 225° (dec.).
C6H 7N 30 3S +  1/2 H 20  (210.1) Calcd. C 35.83; H 3.51; S 15.92. F o u n d  C 35.86; H  3.81; S 1 6 .0 3 % .

2-Methylimino-3-(l-methoxycarbonylethylideneamino)-4-thiazolidinone (14d)

w as p re p a re d  b y  m e th y la tio n  of 14c (1.0 g; 5 m m oles) w ith  d iazo m eth an e  in a m e th a n o l-  
e th e r  so lu tion  to  o b ta in  0.9 g (82% ) of a p ro d u c t m e ltin g  a t  160— 1° (from  aqueous e th a n o l) . 
CsH n N 30 3S (229.2). C alcd. N  18.34; S 13.96. F o u n d  N  18.25; S 14 .05% .

[2-Imino-3-(isopropylideneamino)-4-oxo-5-thiazolidinvl] -acetic acid (14e)

A ccord ing  to  th e  m eth o d  described  in l i te r a tu re  [15] we could  p rep are  14e in  low  
y ields only . T he fo llow ing m o d ifica tio n  p roved  to  b e  a d v an tag eo u s .

A m ix tu re  o f m ale ic  a n h y d rid e  (8.8 g; 90 m m oles), ace tone  th io sem icarb azo n e  (10) 
(9.8 g; 90 m m oles) a n d  d ry  d ioxane  (25 m l) was h e a te d  u n til  a v igorous reac tio n  s ta r te d  to  
give a b row n  so lu tio n  w hich  cam e sp o n tan eo u s ly  to  bo iling . A fte r  th e  reac tio n  su b s id ed , 
th e  m ix tu re  was re flu x e d  fo r a  few  m in u te s  m ore, a n d , a f te r  cooling, in o cu la ted  w ith  a  sm a ll 
c ry s ta l o f 14e a n d  a llow ed  to  s ta n d  fo r 2 days. C ry sta lliza tio n  f in a lly  w as com ple ted  b y  th e  
ad d itio n  of gasoline  (45 m l). T he p ro d u c t was f i lte re d  o ff b y  su c tio n , w ashed  w ith  gaso line  
an d  fin a lly  w ith  e th e r  to  y ie ld  17.6 g (95 .2% ) of 14e, m . p. 218— 9° (dec.), (lit. [15] m . p . 223° 
(dec.)).

Methyl [2-methylimino-3-(iso|>ropylideneamino)-4-oxo-5-tliiazolidinyl] -acetate (14 f)

w as p re p a re d  in  e ssen tia lly  th eo re tica l y ie ld  b y  th e  m e th y la tio n  of 14e (1.2 g; 5.3 
m m oles) w ith  d iaz o m eth an e . T he p ro d u c t w as p u rif ie d  b y  su b lim a tio n  an d  su b seq u en t r e 
c ry s ta lliz a tio n  fro m  m eth a n o l-p e tro le u m  e th e r. M. p . 122— 3°.
C i„H u N 30 3S (257.2). Calcd. C 46.69; H  5.88; N 1 6 .3 4 ;  S 12.56. F o u n d  C 46.61; H  5 .7 5 ; 
N  16.42; S 12 .50% .
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[2 -Im iiio -3 -(l-carboxyethy lideneam ino)-4 -oxo-5 -th iazo lid iny l] -acetic  acid (14g)

(а) A m ix tu re  co n sis tin g  o f 14e (15 g; 65 m m oles), p y ru v ic  acid  (6.1 g; 69 m m oles) an d  
m e th a n o í  (30 m l) was re flu x e d  fo r 1 h r. an d  su b seq u e n tly  ev ap o ra te d  in  v a cu u m ; th e  re s id u e  
w as ru b b e d  w ith  30 m l o f p e tro leu m  e th e r  and , a f te r  b e in g  allow ed to  s ta n d  fo r 1/2 h r .,  f i lte re d  
o ff b y  su c tio n  an d  w ashed w ith  p e tro leu m  e th e r  to  y ie ld  16.7 g (98 .5% ) of 14g, m . p .: 187— 8° 
(d ec .) (fro m  15 p a r ts  o f w a te r , p re h e a te d  to  bo iling , o r  fro m  ace to n e-p e tro leu m  e th e r). 
CrfHgNaOjS (259.2) Calcd. C 37.07; H  3.50; N  16.21; S 12.36. F ound  C 36.86; H  3.69; N  15.95; 
S 12 .24% .

(б) A m ix tu re  co n sis tin g  o f  p y ru v ic  acid  th io sem ica rb azo n e  (12) (5.5 g; 34 m m oles), 
m ale ic  an h y d rid e  (3.3 g; 34 m m oles) an d  d ry  d io x an e  (20 m l) w as re flu x ed  fo r 5 m in . an d  
su b se q u e n tly  ev ap o ra ted  to  d ry n e ss  in  v acu u m  o n  a  s te a m  b a th . T he resid u e  w as ru b b e d  w ith  
e th e r  (30 m l) w hereby i t  b ecam e c ry sta llin e  to  y ie ld  3.1 g (35% ) of a p ro d u c t w hich , b y  m . p ., 
m ix e d  m . p . and  th e  IR  sp e c tra  p ro v ed  to  be  id e n tic a l w ith  th e  p ro d u c t p re p are d  acco rd in g  
to  (a).

M ethy l [2 -m ethy lim in o -3 -(l-carb o x y e th y lid en eam in o )-4 -o x o -5 -th iazo lid in y l]-ace ta te  (1 4 h )

w as p rep ared  e ssen tia lly  as 14g acco rd ing  to  m eth o d  (a) b u t ,  o f course, s ta r l in g  w ith  
1 4 f; th e  y ie ld  was a lm o st th e o re tic a l. M. p .: 144— 5° (from  aqueous m eth an o l).
C i « H 13N 30 5S (287.1). Calcd. C 41.81; H  4.56; N  14.36. F o u n d  C 41.70; I I  3.92; N  14 .00% .

M ethyl [2 -m eth y lim in o -3 -(l-m ethoxycarbony lethy lideneam ino)-4 -oxo-5 -th iazo lid iny l] -ace ta t
(14 i)

w as p repared  b y  m e th y la tio n  of e ith e r 14g o r 14h w ith  d iazo m eth an e  in  e th e re a l  
so lu tio n ; th e  y ield was in  b o th  cases th eo re tica l. T h e  crude p ro d u c ts  w ere  p u rified  b y  su b li
m a t io n  (0.1 T orr, h a th  te m p e ra tu re :  150°) and su b seq u e n t re c ry s ta lliz a tio n  fro m  aqu eo u s 
m e th a n o l. M. p. 156— 7°.
C n H 15N 30 5S (301.2). Calcd. C 43.85; H  5.02; N 13.95; S 10.65. F o u n d  C 43.81; H  4.71; N  13.99; 
S 10 .9 6 % .

2 -A cety l-3 -m e th y lth io -6 -m e th y l-l,2 ,4 -tr ia z in -5 (2 J/)-o n e  (20c)

A m ix tu re  of 3 -m eth y lth io -6 -m e th y l-l,2 ,4 -tr ia z in -5 (2 fi)-o n e  (20a) (2.0 g; 12.8 m m oles), 
a c e tic  a n h y d rid e  an d  d ry  p y rid in e  (20 m l each) w as re flu x ed  fo r 1.5 hrs. a n d  su b seq u e n tly  
e v a p o ra te d  to  d ryness in  v a cu u m . T he oily re sid u e , w h ich  solidified on s tan d in g , was re c ry s ta l
liz ed  fro m  a m ix tu re  o f a  sm all a m o u n t o f ace tic  an h y d rid e  an d  d ry  e th e r  an d  d ried  over 
p a ra f f in  shay ings in a v a cu u m  d esiccato r to  y ie ld  1.4 g (55% ) of 20c; yellow ish  c ry s ta llin e  
p o w d er, m . p. 110— 1°.
C 7H 9N 30*S (199.2) Calcd. C 42. 20; H  4.55; S 16.10. F o u n d  C 42.02; H  4.44; S 15.94% .

*

T h e  UY sp ec tra  w ere  ta k e n  w ith  a Spectrom om  in s tru m e n t, T y p e  201 (H u n g a r ia n  
O ptical W orks , B u d a p es t) .

T h e  a u th o rs ’ th a n k s  a re  due  to  D r. P . S ohá r  fo r th e  IR , to  M r. M. V örös fo r th e  UV 
s p e c tra ;  to  th e  head  an d  co-w orkers, D r. I. B a lo gh -B atta  an d  Miss K . Óf a l v i, Mrs. S .V is z t - 
S im o n  a n d  Mrs. I. Za u e r -CsÜLLÖG, of th e  M icroanalytica l Laboratories o f th e  In s titu te  o f  
O rganic Chemistry o f  the Technical U niversity , B u d a p es t , fo r th e  m icroanalyses; a n d  to  th e  
U n ited  W orks o f  Pharm aceutical and Dietetic P roducts , B udapest, fo r f in an c ia l su p p o rt.
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SU M M A R Y

C yclization  of 3 -(ca rb o x y m eth y lth io )-6 -m e th y l-  (4a) an d  3 -(2 -ca rb o x y m eth y lth io )-6 - 
-m eth y I-l,2 ,4 -tr iaz in -5 (2 H )-o n e  (4d) gave  6 -m eth y l-7 H -th iazo lo [3 ,2 -b ][l,2 ,4 ]tr iaz in e -3 (2 H ),7 - 
-d io n e  (5) and  2 -m e th y l-6 ,7 -d ih y d ro -3 H ,8 .H -[l,3 ]th iaz in o [3 ,2 -b ][l,2 ,4 ]tr iaz in e -3 ,8 -d io n e  
(8 ), resp ec tiv e ly . T he s tru c tu re s  of th e  p ro d u c ts  are  p roved  b y  th e ir  UV an d  I R  sp e c tra .

C om pound 5 w as a lte rn a tiv e ly  p re p a re d  b y  cycliza tion  o f 2 -im in o -3 -(l-ca rb o x y e th y li-  
d en eam ino)-4 -th iazo lid inone  (14c). In  th is  co n n ec tio n  th e  s tru c tu re s  o f th e  com pounds p re p a re d  
b y  cond en sa tio n  of th io sem icarb azo n es w ith  b o th  haloace tic  acid  d e riv a tiv e s  a n d  m ale ic  
a n h y d rid e  were re in v e stig a ted . I t  has b e en  fo u n d  th a t  th e  p ro d u c ts  o f th ese  re ac tio n s  a re  
p ro b a b ly  n o t  com pounds o f th e  ty p e  o f  2 ,4 -th iazo lid in ed io n e-2 -h y d razo n es (15), as h i th e r to  
assu m ed , b u t  d e riv a tiv e s  (14) o f 2 -im ino-3 -am ino-4 -th iazo lid inone .
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BINDUNGSSYSTEM DER N-ACYL-SULFILIMINE, VI*

K O N JU G A T IV E R  E F F E K T  D E R  S -M E T H Y L -N -p -T O L Y L S U L F O N Y L -S U L F IL IM JN -
G R U P P E

Á . K u c s m á n , F . R u f f , S .  S ó l y o m  u n d  T . S z i r t e s

( In s t i tu t  f ü r  Organische Chemie der L . Eötvös U niversitä t, B u d a p est)  

E in gegangen  a m  13. O k to b e r 1967

W ich tigere  M erkm ale der F e in s tru k tu r  der N -A cyl-su lfilim ine sind  u n 
lä n g s t m it H ilfe IR - und  U V -spek tro sk o p isch er [1—4] sowie rö n tg e n o g ra 
p h isch e r [5, 6 ] U n tersu ch u n g en  au fg ed eck t w orden. A uf diese W eise k o n n te  
bew iesen  w erden , daß  N -S u lfony l-su lfilim ine  (R R 'S IVN S VI0.,Q ; R , R ' =  
a lip h a tisch e  oder arom atische  G ru p p en ; Q =  z. B. C H 3 o d e r C6H 4C H 3) im  
S IVN SVI M olekülan teil ein d e loka lisie rtes А л  B ind u n g ssy tem  e n th a lte n . D as 
SV Schw efela tom  b ild e t das zen tra le  A to m  eines k u m u lie rten  А л  B indungs- 
sy s tem s: zw ischen den E le k tro n e n sy s te m e n  des S 1VN S V1 M o lekü lan te ils  u n d  
d e r S V1 0 2 G ruppe  b es teh t keine k o n ju g a tiv e  W echselw irkung, h ingegen  ze ig t 
sich eine d e ra rtig e  W echselw irkung, w enn  auch  in geringerem  M aße, zw ischen 
dem  S ,V Schw efelatom  u n d  a ro m a tisch en  R , R ' G ruppen . A u f die le tz te re  
W echselw irkung  ko n n te  u. a. d a rau s  geschlossen w erden , d aß  die F req u en z  
d er fü r  N -S u lfonyl-su lfilim ine c h a ra k te ris tisch e n  TsN 3 B an d e  u m  die W ellen 
zahl 5 — 18 c m - 1  v e rm in d e rt is t, h ingegen  sich die in teg ra le  In te n s i tä t  ih re r 
A b so rp tio n  v e rg rö ß e rt, w enn z. B . die R , R ' =  Ä th y lg ru p p en  gegen Phenyl- 
g ru p p en  v e r ta u s c h t w erden; ein  d e ra r tig e r  k o n ju g a tiv e r E ffe k t is t be i den  
analog  g eb a u te n  Sulfoxyden n ic h t n ach w eisb a r. (Es is t b e m e rk e n sw e rt, daß  
in  N -Sulfony l-su lfilim inen , die eine S -M ethy lg ruppe  e n th a lte n , eine p rä g n a n te  
C H 3 —S IV H y p e rk o n ju g a tio n  nachgew iesen  w erden k o n n te .)  U V  sp e k tro sk o 
pische U n te rsu ch u n g en  [4] h ab e n  e rg eb en , d aß  das S -S chw efela tom  solcher 
N -S u lfonyl-su lfilim ine, die als R  eine p -su b s titu ie r te  P h en y lg ru p p e  e n th a lte n , 
in  an g e reg tem  Z u stan d  sich als A k z e p to r v e rh ä lt, w enn d e r p -S u b s ti tu e n t  
D o n o rc h a ra k te r  b esitz t.

Zw ecks w eite re r K lä ru n g  der W echselw irkung  des S IV Schw efelatom s 
u n d  des a ro m a tisch en  System s sch ien  es angezeig t, zu u n te rsu c h e n , w elche 
W irk u n g  die m it ih rem  SIV Schw efela tom  an  ein a rom atisches S y stem  g eb u n 
dene »Sulfilim ingruppe« (R S IVN S 0 2Q) a u f  das E lek tro n e n sy s te m  d er a ro 
m a tisch en  G ruppe  im  G ru n d zu stan d  a u s ü b t. U m  die W echse lw irkung  der 
»Sulfilim ingruppe« und  des a ro m a tisch en  System s a u f  q u a n ti ta t iv e  A rt

* Y . M itte ilu n g : A cta  Chim. A cad. Sei. H u n g . 54, 153 (1967).
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c h a rak te ris ie ren  zu  k ö n n e n , haben  w ir m it d er S -M ethy l-N -p-to ly lsu lfony l- 
-su lfilim ingruppe [ - S IV(C H 3)NTs] in  p-  u n d  m -S te llung  su b s titu ie rte  D e riv a te  
d e r B enzoesäure u n d  des Phenols h e rg este llt (I—IV; Ts =  £»-CH3C6H 4S 0 2):

CH3 H O O C ^  C H 3

H O O C — SNTs < ^ ^ - S N T s

I I I

CH3 H O , C H 3

H O — SNTs / ~ ^ > - S N T s

I I I IV

E s w urden d ie  D issozia tio n sex p o n en ten  d er Sulfilim ine I —IV in  4 8 % - 
igem  w äßrigem  Ä th a n o l (vgl. [7, 8 ]) b e s tim m t (T abelle I) u n d  daraus die fü r  
die S -M ethy l-N -p-to ly lsu lfony l-su lfilim ingruppe c h a ra k te ris tisch e n  H am m ett-  
schen a und  a ' K o n s ta n te n  b e rech n e t; (T abelle I I ;  die a bzw. a ' W erte

Tabelle I

Verbindung pKa*

S-M ethyl-S-(4-carboxy-phenyl)-N -p-to ly lsu lfonyl-sulfilim m  (I) . . 

S-M ethyl-S-(3-carboxy-phenyl)-iN -p-tolyIsulfonyl-sulfi]im in (II) , 

S -M ethyl-S-(4-hydroxy-phenyl)-N -p-to ly lsu lfonyl-sulfilim m  (III) 

S-M ethyl-S-(3-hydroxy-phenyl)-N -p-to]ylsulfonyI-sulfilim in  (IV)

B enzoesäure ......... .............................................................................................

P h eno l ..................................................................................................................

4,62

4,70

8,79

9,30

5,65**

11,28**

* Die B estim m u n g  w u rd e  in 48 V ol.%  A lkohol e n th a lte n d e m  w äßrigem  Alkohol d u rc h 
g e fü h rt  (s. im  V ersuchste il).

** Die fü r B en zo esäu re  u n d  Phenol b e s tim m ten  p K 0 W erte  stim m en  m it den L ite r a tu r 
an g ab e n  (7, 8] ü b ere in .

sin d  aus den D issozia tio n sex p o n en ten  der e n tsp re c h e n d en  C arhonsäuren  b zw . 
P hen o le  b erech n e t w orden ). Zum  V ergleich sind  in  d e r  T abelle I I  au ch  die 
H am m etschen a u n d  a ' W erte  der C H 3S U, C H 3S IV0 ,  C H 3Svl0 2, C H 30  u n d  
N 0 2 G ruppe v e rze ich n e t.

Die D ifferenzw erte  a p—am u n d  a'p—a p geben a u f  b ek an n te  W eise A u s
k u n f t  über den T y p  d e r K o n ju g a tio n . H a t die u n te rsu c h te  G ruppe einen  D o 
n o rc h a ra k te r  (z. B . O C H 3), so is t die D ifferenz a p— am v e rh ä ltn ism äß ig  g roß  
u n d  h a t  ein n eg a tiv e s  V orzeichen, h ingegen is t im  F alle  e iner A kzep to rg ru p p e  
(z. B . N 0 2) die D iffe renz  ap—am u n b ed e u te n d  gering  u n d  der D ifferenzw ert 
n ’p—ap auffallend g ro ß .

E in  V ergleich d e r in  der T abelle I I  zu sam m en g efaß ten  D aten  m a c h t es 
ersich tlich , daß  d ie S -M ethy l-N -p-to ly lsu lfony l-su lfilim ingruppe einen ty p i-
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sehen  A k z e p to rc h a ra k te r  h a t  u n d  in  dieser H in s ich t e h e r d er M ethylsu lfonyl- 
als d er M ethy lsu lfiny lg ruppe  n a h e  s teh t. D er s ta rk e  A k z e p to rc h a ra k te r  d e r 
S ulfilim ingruppe is t  augenschein lich  d a ra u f  z u rü ck zu fü h ren , daß das S 1

Tabelle II

Gruppe <r„ m G O’m CTp <Tm o-p—o-p Literatur

C H 3S IVNTs + 0 ,70 +  0,65 +  1,00 +  0,80 +  0.05 +0,30 *

C H 3S U — 0,01 +  0,14 +0,16 + 0,16 — 0,15 +0,17 [9]
C H 3S IV0 +  0,48 +0,51 +0,73 +  0,53 — 0,03 +0,25 [10]
C H 3SVI0 2 +  0,72 +0,65 +0,98 +  0,70 + 0,07 +  0,26 [9]
C H 3o — 0,27 +0,28 — 0,10 — 0,55 +0,17 [11, 8]
N O , +  0,78 +0,71 +  1,27 +  0,07 +0,39 [11]

* Die о u n d  o ' W erte  w u rd en  au s  den  in T abelle  I v e rze ich n e ten  p K a W erten  n ach  d e r 
H am m ettschen  G leichung (per =  p K 0 — p K ) berechnet. D abei w u rd e  in  B e tra c h t gezogen, d a ß  
u n te r  den  an g ew an d ten  V ersuchsbed ingungen  fü r  C arb o n säu ren  m it  n =  1,46, fü r P heno le  
m it g —  2,48 gerech n et w erden  m uß  [7]. Die a W erte  sind  aus d en  D isso z ia tionsexponen ten  
de r C arbonsäuren , d ie o ' W erte  au s d en  D isso zia tio n sex p o n en ten  d e r Phenole b e rec h n e t 
w orden.

S chw efelatom  infolge seiner d -B ah n en  zur E le k tro n e n a u fn ah m e  befäh ig t is t , 
u n d  die SIV N B in d u n g  h ier s tä rk e r  po lar is t als die S IV0  B in d u n g  (vgl. [1])^ 
Die F äh ig k e it zu r K o n ju g a tio n  d e r S ulfilim ingruppe ä u ß e r t  sich au f p rä g n a n te  
A rt im  A nion des P h e n o ld e riv a te s  III, in  w elchem  die M öglichkeit e in er 
D onor-A kzep to r W echselw irkung  b e s te h t; die K o n ju g a tio n , in  welche das 
S IV Schw efelatom  einbezogen  is t, lä ß t  sich m it den  m esom eren  G ren zstru k tu ren  
V u n d  VI veran sch au lich en :

C H 3

| Ö — < ^ ~ ~ ^ > - S N T s

v

Die Sulfilim ine I —IV w u rd en  in  n e u tra le m  w äß rig em  M edium  oder 
w äßrigem  D ioxan  d u rch  U m setzen  der en tsp rech en d en  T h io ä th e r  m it Chlor-
am in-T  h erg este llt:©

R R 'S  +  T sN C l© ------R R 'S N T s +- CI©

Bei der H ers te llu n g  des Sulfilim ins I r ic h te te n  w ir u n s  an  unser b e re its  
beschriebenes [12] V erfah ren ; die aus jp-A m inobenzoesäure ausgehende S y n th e 
se [13, 14] des als A u sg an g ssu b stan z  fü r das S u lfilim in  d ien en d en  M ethyl-(4- 
-ca rboxy-pheny l)-su lfid s ließ sich w esentlich  vere in fach en .

D as Sulfilim in II w urde n a c h  der M ethode von  Cl a r k e , K e n y o n  u n d  
P h il l ips  [15] h e rg este llt.

C H 3
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E ine u n m itte lb a re  H e rs te llu n g  des Sulfilim ins I I I  d u rc h  E in w irk u n g  von 
C h lo ram in -T  a u f das M ethy l-(4 -h y d ro x y -p h en y l)-su lfid  w a r  n ic h t m öglich, 
d a  d as  Sulfid m it p heno lischer H y d ro x y lg ru p p e  eine O x y d a tio n  e r l i t t .  Diese 
S ch w ierig k e it k o n n te  d u rch  v o rü b e rg e h e n d en  S chutz  d e r  H y d ro x y g ru p p e  
d u rc h  A cety lierung  beh o b en  w erd en : das M ethy l-(4 -acetoxy-pheny l)-su lfid  
lie ß  sich  m it C hloram in-T  g la tt  zum  en tsp rech en d en  S u lfilim in  ( l i la )  um setzen , 
u n d  le tz te re s  d an n  m it v e rd ü n n te r  L au g e  zum  Sulfilim in  I I I  en tace ty lie ren . 
D ie  B en zy lsch u tzg ru p p e  h a t  sich  h in g eg en  n ich t b e w ä h rt, d a  das aus dem  
M ethy l-(4 -b en zy lo x y -p h en y l)-su lfid  gew onnene Sulfilim in  ( I llb )  a u f  selek
t iv e  A rt n ich t e n tb e n z y lie rt w erden  k o n n te . D urch k a ta ly tis c h e  H y d rie ru n g  
o d e r d u rch  E ssigsäure- bzw . E ss ig sä u re a n h y d rid  u n d  B ro m w asse rs to ff w ird 
n ä m lic h  zuerst die S N B in d u n g  au fg esp a lten .

D as Sulfilim in IV ließ  sich u n m it te lb a r  aus C h lo ram in-T  u n d  M ethyl-(3- 
h y d ro x y -p h en y l)-su lfid  h e rste llen , da  le tz te re s  u n te r  d en  a n g ew an d ten  V er
su ch sb ed in g u n g en  keine O x y d a tio n  e rle id e t.

B eschre ibung  der Versuche 

M ethyl-(4 -carboxy-pheny l)-su lfid

In  163 m l W asser w u rd en  5,75 g (0 ,144 M )  N a tr iu m h y d ro x y d , 18,7 g (0,136 M ) p-  
A m in o b en zo esäu re  u n d  9,38 g (0,136 M )  N a tr iu m n itr i t  gelöst, d a n n  ließ  m an  diese Lösung 
la n g s a m  zu einem  m it E is  g ek ü h lten  u n d  g e rü h rte n  Gem isch v o n  37,5 m l k o n z e n tr ie r te r  
(u n g e fä h r  0,45 M )  Sa lzsäu re  u n d  50 g E is h in zu tro p fen . N ach 3 s tü n d ig em  R ü h re n  n e u tra li
s ie r te  m an  das e iskalte  G em isch m it e in e r k o n z en trie rten , k a lten  N a tr iu m a c e ta tlö su n g , f il
t r ie r t e  es nach h er ab , w obei m an  das F i l t r a t  g leich  in  eine L ösung v o n  62,5 g K a liu m ä th y l-  
x a n th o g e n a t  in 200 m l W asser rin n en  ließ . D as so gewonnene G em isch  w u rd e  n e b s t R ü h re n  1 
S tu n d e  a u f  80° e rw ärm t. E s e n ts ta n d  e ine  b ra u n e  L ösung, die n a ch  d em  A b k ü h len  m it k o n 
z e n tr ie r te r  Salzsäure a u f  p H  =  3 e in g e s te llt  w u rd e . N un f iltr ie r te  m a n  den e n ts ta n d en e n  
N ied ersch lag  ab  u n d  e rw ärm te  ih n  m it 100 m l 10% iger N a tro n lau g e  2 S tu n d e n  am  W asser
b a d e , v e rse tz te  d an n  das G em isch m it 12,5 g N a tr iu m d ith io n it u n d  h ie l t  seine T em p era tu r  
n o c h  10 M inuten  bei 90°. J e tz t  w urde  d ie e n ts ta n d e n e  braune  L ösung  f i l t r ie r t  u n d  d as F i l tr a t  
m it  k o n z e n tr ie r te r  S a lzsäu re  a u f  p H  =  4 e in g e s te llt, w odurch sich d ie e n ts ta n d e n e  4-M ercapto- 
b e n zo e sä u re  in  F orm  w eißer K ris ta lle  au ssch ied ; sie w urde schnell a b f il t r ie r t ,  m it W asser ge
w a sc h en  und  noch in  nassem  Z u s tan d  so fo rt w e ite r v e rarb e ite t. D e r gew aschene u n d  abge
p re ß te  nasse N iedersch lag , de r u n g efäh r 16 g (ca . 0,1 M )  wog, w u rd e  in  e in e r L ösung  v o n  24 g 
(0 ,6  M )  N a tr iu m h y d ro x y d  in  450 m l W asse r au fgelöst, d ann  diese L ö su n g  n a ch  Z u sa tz  von 
25,2 g (18,5 m l; 0,2 M )  D im e th v lsu lfa t 7 S tu n d e n  g esch ü tte lt, n a ch h e r  d a s  G em isch m it Ä ther 
a u sg e sc h ü tte lt  u n d  d ie a b g e tre n n te  w äß rig e  S ch ich t m it S alzsäure  a n g esäu e rt. D as au sg e
sch ied en e , weiße R o h p ro d u k t k o n n te  d u rc h  einm aliges U m lösen au s einem  7 : 3 G em isch 
v o n  W asser u n d  Alkohol u n te r  A n w endung  v o n  T ierkohle  in  re inen  Z u s ta n d  g e b rac h t w erden . 
A u sb e u te  7.3 g (32%  d. T h .); Schm p. 191— 193°.

M ethy l-(4 -ace toxy-pheny l)-su lfid

E in e  Lösung von 2,8 g (0,02 M )  M eth y l-(4 -h y d ro x y -p h en y l)-su lfid , das n a ch  dem  v o r ' 
zü g lich en  V erfahren  v o n  Go eth a ls  u n d  R a d z itzk y  [16] h e rg este llt  w o rd en  w ar, in  einem  
G em isch  von 10 ml (0,1 M )  E ss ig sä u re an h y d rid  u n d  8 ml (0,1 M )  P y r id in  w urde  n a ch  2 stiin- 
d ig em  E rw ärm en  am  W asserb ad  m it 300 g E is  v e rm isch t. Die au sg esch iedene  Ö lsch ich t e r 
s t a r r te  w ährend  des S teh en s ü b e r N a c h t. D as ab gesonderte  P ro d u k t w u rd e  in  500 m l W asser 
au fg esch läm m t, n a ch h e r f i l t r ie r t  u n d  sc h a rf  ab g ep reß t. Das so gew o n n en e  R o h p ro d u k t wog 
tro c k e n  2,8 g (77%  d. T h .), Schm p. 43— 44°, m it  der L ite ra tu ra n g a b e  [17] ü b ere in stim m en d .
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S-Methyl - S- (4 -acetoxy-phenyl) - N-p-tolylsulfonyl-sulfilimin ( l ila )

In  je  20 m l eines 4 : 1 Gem isches v o n  D io x an  u n d  W asser w u rd en  1,8 g (0,01 M )  M eth y l- 
(4 -ace to xy-pheny l)-su lfid  u n d  2,8 g (0,01 M )  C hloram in-T  ge löst, d a n n  d ie beiden  L ösu n g en  
v e rm isch t u n d  2 S tu n d e n  a m  W asserbad  e rw ärm t. M an tr ie b  d as L ö su n g sm itte l bei U n te r 
d rü ck  ab  u n d  n ah m  d en  R ü c k s ta n d  in e in em  G em isch v o n  40 m l A th y la c e ta t  u n d  30 m l W asser 
auf. D ie ab g e tren n te  o rg an isch e  Phase  w u rd e  m it 10 m l 5 % ig er N a tro n la u g e  d u rc h g esc h ü tte lt 
(s ta rk e  S e lbsterw ärm u n g !), schnell von d e r L au g e  g e tre n n t, n a c h h e r  no ch  zw eim al m it je  30 m l 
W asser gew aschen, ü b e r  M agnesium su lfa t g e tro c k n e t u n d  e in g ed am p ft. E s b lieb ein m it K r i 
sta llen  d u rch se tz te s  Ol (3 ,1  g) zurück. D as ab g eso n d erte  k ris ta llin e  R o h p ro d u k t (1,5 g) lie fe rte  
n ach  dem  U m k rista llis ie ren  aus 3 m l A lk o h o l 1,2 g (34%  d .T h .) schneew eiße K ris ta lle  v o n  
Schm p. 101— 102°. Z u r A n a ly se  w urde e in e  k leine  P ro b e  au s  A lkohol n o ch  v ierm al u m k ri
s ta llis ie rt, w odurch  sich  d e r  k o n s ta n te  S ch m p . von  103— 104° erre ich en  ließ.

C16H 17N 0 4Sj (351,5) В ег. C 54,7 H  4,9 S 18,3%
Gef. C 54,7 H  5,2 S 18 ,4% .

C h a rak teris tisch e  B a n d e n d e s  IR -S p e k tru m s  (K B r-T ab le tte ) : vqq .'(P heno lester): 1760 
cm - 1 ; 1'so2 (asym m .): 1282 cm - 1 ;j>so2 (sy m m .): 1140 cm - 1 ; VsNS: 962 cm - 1 .

S-Methyl-S-(4-hydroxy-phenyl)-I4-p-tolylsuIfonyl-sulfilimin ( I I I )

E in e  Lösung v o n  7,0 g (0,02 M )  des Sulfilim ins l i la  in  30 m l Ä th y la c e ta t  w urde z u e rs t  
1/2 M inu te  m it 20 m l, d a n n  je  10 M in u ten  zw eim al m it je  40 m l, sch ließ lich  je  15 M in u ten  
zw eim al m it  je  40 m l 5 % ig e r  N atro n lau g e  g e sc h ü tte lt, die w äß rig en  P h asen  jew eils a b g e tre n n t 
u n d  v o r je d e r  A u ssc h ü tte lu n g  die o rg an isch e  P h ase  m it Ä th y la c e ta t  a u f  das u rsp rü n g lich e  
V olum en geb rach t. D ie g e so n d e rt a b g e tre n n te n  a lka lischen  L ösungen  w u rd en  de r R e ih e  
n ach  m it 6, 24 u n d  a b e rm a ls  24 m l konz. S a lzsäu re  an g esäu e rt u n d  die ausgeschiedenen w eißen 
K ris ta lle  (0,85 -j- 2,45 -f- 0,5 g =  3,8 g) a u s  20, 40 bzw . 12 m l A lkohol u m k ris ta llis ie rt. A u f  
diese A rt k o n n ten  0,64 g (Schm p. 192— 193°), 2,0 g (Schm p. 188— 190°) u n d  0,46 g (Schm p. 
193— 194°), d .h . in sg e sa m t 3,1 g (50%  d .T h .)  des e inm al u m k ris ta llis ie rte n  d e sace ty lie rten  
P ro d u k te s  I I I  gew onnen w erden . D er S c h m elz p u n k t de r zw eiten  F ra k tio n  (2,0 g) e rh ö h te  
sich n ach  e iner zw eiten  K ris ta llisa tio n  a u f  192— 193°. Z u r A nalyse  u n d  sp ek tra len  U n te r 
suchung  w urde  die d r i t te  F ra k tio n  (Schm p. 193— 194°) herangezogen .

C14H 15N 0 3S2 (309,4) Вег. C 54,3 ; H  4,9 ; 0  15,5; S 20,7%
Gef. C 54,6 ; H  4,8; 0  15,5; S 20 ,2% .

C h arak teristisch e  B a n d e n  des IR -S p e k tru m s  (K B r-T ab le tte ): i>o h : 2400— 3300 cm - 1 ; 
VgOs (asym m .): 13 0 0 'c m - 1 ; rgo2 (sym m .): 1145 cm - 1 ; rgpjg: 950 cm - 1 .

Methyl-(4-benzyloxy-phenyl)-sulfid

E in e  g e rü h rte  L ö su n g  von  7 g (0,05 M )  M eth y l-(4 -hydroxy-pheny l)-su lfid  u n d  7 g 
(0,055 M )  B enzylch lorid  in  50 m l absol. A ce to n  w urde n ach  Z u sa tz  von  13,8 g (0,1 M ) frisch  
geg lüh tem  K a liu m c a rb o n a t u n d  0,5 g K a liu m jo d id  20 S tu n d e n  rü ck fließ en d  gekocht, d a n n  
a b fil tr ie r t  u n d  das u n g e lö s te  Salz m it 30 m l Ä ceton  n achgew aschen . N ach  E in d am p fen  des 
F il tra ts  b lieb  ein ge lb licher fe s te r  R ü c k s tan d  (11,2 g) zu rück , dessen  L ösung  in  100 m l B enzol 
in zwei A n sä tzen  m it in sg e sa m t 100 m l 5 % ig er N a tro n lau g e  au sg e sch ü tte lt u n d  n a c h h e r  
ü b e r M agnesium sulfa t g e tro c k n e t w urde. D u rc h  A bd am p fen  des L ö su n g sm itte ls ließ sich  ein  
gelbliches K ris ta llp ro d u k t (9 ,5  g) gew innen, d a s  n ach  e inm aligem  U m lösen  aus 40 m l A lkohol 
(T ierkohle) 7,1 g (62%  d .T h .)  schneew eiße, b lä ttr ig e  K ris ta lle  v o m  Schm p. 82— 83° lie ferte . 
L ite ra tu ran g a b e  [18]: S ch m p . 78—79,5°.

Ct4H 14OS (230,3) B e r. S 13,9%  Gef. S 14 ,1% .

C harak teris tisch e  B a n d e n  des IR -S p e k tru m s  (K B r-T ab le tte ): yc n ( l ,4 -D isu b s titu tio n ):  
813 cm - 1 ; die fü r  m o n o su b s titu ie rte  a ro m a tisch e  R inge c h a ra k te ris tisch e n  B an d en : 695, 
748 cm - 1 .

6 Acta Chim. Acad. Sei. Hung. 968
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S-M ethyl-S-(4-benzyloxy-phenyl)-N -p-to lyIsu lfonyl-su lfilim in  ( I l lb )

I n  j e  75 ml eines 4 : 1 D ioxan-W asser G em isches w urden  5 g (0,022 M )  M ethy l-(4 - 
ben zy lo x y -p h en y l)-su lfid , fe rn e r  6,2 g (0,022 Л7) C hloram in-T  gelöst, d ie b e id en  L ösungen  
v e re in ig t u n d  nachher 2 S tu n d e n  am  W asserb ad e  e rw ärm t. N ach  dem  E in d a m p fen  des R e a k 
tio n sg em isch es blieb ein  w e ißes K ris ta llp ro d u k t zu rü ck , das in  350 m l Ä th y la c e ta t  gelöst 
w u rd e . D ie  m it 100 m l 5 % ig e r  N a tro n lau g e , n a c h h e r  m it W asser gew aschene u n d  schließ
l ic h  g e tro ck n e te  (M gS04) L ö su n g  h in terließ  n a c h  d em  E in d am p fen  7,7 g e ines R o h p ro d u k tes , 
d a s  n a c h  einm aligem  U m lö sen  aus 25 m l A lkoho l 6 g (68%  d.T h.) des an a ly sen re in en  Sulfil- 
im in s  I l l b  lieferte. Schm p. 124— 125°.

C21H 2;N 0 3S2 (399,5) R er. C 6 3 ,1 ; H  5,3; N 3 ,5 ;  S 16 ,1%
Gef. C 62 ,8 ; H  5,6; N  3,6; S 15 ,9% .

C harak teristische B a n d e n  des IR -S p e k tru m s (K B r-T ab le tte ): i>so2 (asy m m .): 1278 cm - 1 ; 
VS02 (sy m m .): 1138 cm ^UvsN S- 958 cm - 1 ; (1 ,4 -D isu b stitu tio n ): 815 cm - 1 ; d ie  fü r  т о л о - 
su b s ti tu ie r te  a rom atische R in g e  c h a ra k te ris tisch e n  B an d en : 704, 756 cm - 1 .

K a ta ly tisch e  H ydrierung des S -M ethyl-S -(4-benzyloxy-phenyl)-N -p-to ly lsu lfonyl-su lfilim ins
(П 1Ь)

E in e  Lösung von  0,4 g (1 m M )  des S u lfilim ins I l lb  in 20 m l D im eth y lfo rm am id  w urde  
in  G eg en w art von 0,2 g 1 0 % ig er Pd-T ierkoh le  h y d rie r t . D ie W assers to ffau fn ah m e , die in  
30 M in u ten  beendet w ar, b e tru g  24,4 m l (760 m m , 24 °C), d .h . 1 m M .  D as bei U n te rd rü c k  
e in g e d am p fte  F il tra t  l ie fe rte  e inen  aus A lkohol in  w eißen B lä ttch e n  (0,1 g) k r is ta llis ie ren d en  
R ü c k s ta n d . Das P ro d u k t, d a s  bei 82° schm olz, erw ies sich als M eth y l-(4 -benzyIoxy-pheny l)- 
su lf id . Iden tifizierung : S c h m p . u n d  M isch-Schm p., fe rn e r IR -S p e k tru m .

R e a k tio n  des S -M ethy l-S -(4-benzyloxy-phenyl)-N -p-to ly lsu lfonyl-su lfilim ins (IH h ) m it e in e r 
L ö su n g  von B ro m w assersto ff in  Eisessig

E in e  Lösung von  1 g  (2,5 m M )  des S u lfilim ins I l lb  in  20 m l E isessig  w u rd e  m it 7 m l 
3,1 G ew .% igen  B rom w assersto ff-E isessig  (2,7 m M  H B r) v e rse tz t. D ie  L ö su n g  fä rb te  sich 
a llm äh lich  gelb lichbraun, w obei ein K ris ta llp ro d u k t ausgeschieden w u rde , das sich  als M ethy l- 
(4 -b en zy lo x y -p h en y l)-su lfid  erw ies. Id e n tif iz ie ru n g : Schm p. u n d  M isch-Schm p., fe rn e r IR -  
S p e k tru m .

R e a k tio n  des S -M ethyl-S -(4-benzyloxy-phenyl)-N -p-to ly lsu lfonyl-su lfilim ins ( I l lb )  m it e in e r 
L ö su n g  von B rom w assersto ff in  E ssigsäureanhydrid

E in e  Lösung v o n  1,15 g (2,9 m M )  des S u lfilim ins H lb  in  7 m l 11,3 G ew .% igem  B ro m 
w asse rs to ff-E ss ig säu rean h y d rid  (9,8 m M  H B r)  w u rd e  einige T age s teh en  gelassen , w obei das 
a n fa n g s  ausgeschiedene rö tlic h e  K ris ta llp ro d u k t w ieder in  L ösung ging. D as n a ch  dem  E in 
d a m p fe n  der Lösung gew o n n en e  P ro d u k t ließ  sich  aus 3 ml absol. B enzol U m kristallisieren . 
D as  fa rb lo se  K ris ta llp ro d u k t (0,4 g) erw ies sich  n a ch  seinem  Schm p. v o n  137— 139° u n d  IR -  
S p e k tru m  als N -A cety l-p -to luo l Sulfonam id [19]. E in e  M ischprobe m it p -T oluo lsu lfonam id  
z e ig te  eine erhebliche S chm p.-D epression .

C harak teristische  B a n d e n  des IR -S p e k tru m s  (K B r-T ab le tte ): »'nh : 3295 cm - 1 ; vcq : 
1725 cm - 1 ; J<s02 (asymm-): 1335 cm - 1 ; гдог (sy m m .): 1168 cm - 1 .

S -M ethyl-S -(3-hydroxy-phenyl)-N -p-to ly lsu lfonyl-su lfilim in  (IV )

E in e  Lösung v o n  2 g (14,3 m M )  M ethy l-(3 -h y d ro x y -p h en y I)-su lfid  ([10], vgl. [20, 
2 1 ]) in  einem  Gem isch v o n  25 ml D ioxan u n d  8 m l W asser w urde n a ch  Z u sa tz  e in e r L ö su n g  
v o n  4 g (14,3 m M )  C h lo ram in-T  in 30 ml D io x an  u n d  10 ml W asser am  W asserb ad e  2 S tu n d en  
e rw ä rm t,  nachher bei U n te rd rü c k  e in g ed am p ft. D e r ölige R ü c k stan d  e r s ta r r te  n a ch  einigem  
S te h en . D as so gew onnene K ris ta llg u t, das  a m  F il te r  m it 5% iger N a tro n la u g e  u n d  h ie ra u f
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m it W asser gew aschen w u rd e , wog n a c h  dem  T rocknen  im  Y a k u u m ex s ic ca to r 3,6 g (65%  
d .T h .). D as R o h p ro d u k t lie ferte  aus se h r v e rd ü n n tem , e tw a  1 0 % igem  A lkohol um gelöst 
(T ierkohle) 2 g eines K r is ta llp ro d u k te s  v o m  Schm p. 155— 156°. D u rc h  w iederho ltes U m lösen 
au s A lkohol ließ sich  d e r Schm p. v o n  158° erreichen.

Ci4H 15N 0 3S2 (309,4) В ег. C 54,3; H  4,9; N  4 ,5 ; S 20 ,7%
Gef. C 54,1; H  5,2; N 4 ,5 ;  S 20 ,0% .

C h arak teristische  B an d en  des IR -S p e k tru m s  (K B r-T ab le tte ): Vq h : 2400— 3300 cm -1 ; 
t>S02 (asym m .): 1290 cm - 1 ; J»s02 (sy m m .): 1143 cm - 1 ; J"sNS: 950 cm - 1 .

A cid itä tsm essungen

Die in  Tabelle I  angegebenen  D isso z ia tio n sk o n s tan ten  w u rd en  in  48 V ol.%  Ä thano l 
en th a lte n d em , w äßrigem  Ä th a n o l n a c h  d e r  M ethode v o n  Szm ant  u n d  Su l d  [7] bestim m t. 
Z ur B e re itu n g  des L ö su n g sm itte ls  w u rd e  d u rc h  K ochen vom  gelö s ten  K o h len d io x y d  b e fre ite s 
destillie rtes  W asser an g ew en d e t, fe rn e r A lkohol (95,6% ), d e r v o re rs t  10 S tu n d e n  m it K a liu m 
h y d ro x y d  gekocht, d a n n  d u rc h  A n w en d u n g  einer K olonne d e s tillie r t w urde . Als M eßlösung 
d ien te  au s Sörensenscher L auge  b e re ite te , 48 V ol.%  A lkohol e n th a lte n d e  0,02n N a tron lauge. 
D ie E inw aage  b e tru g  u n g e fäh r 10-4  M ol Sulfilim in; dieses w u rd e  in  A lkohol gelöst, d an n  d ie 
L ösung  m it der nö tig en  M enge W asser v e rse tz t. D ie B estim m u n g en  w u rd en  bei 25 + 0 ,2 °  
d u rch g efü h rt, wobei m an  einen  S tick s to ffs tro m  du rch  die L ösung  stre ic h en  ließ . D ie T itr ie ru n 
gen w u rd en  u n te r  A n w en d u n g  des p H  M eßgerä ts R adelkisz O P  204 d u rc h g e fü h rt. V or jed e r 
B estim m u n g  w urde das M eßgerä t m it  S tan d ard p u ffe rlö su n g en  v o n  p H  4,01, 6,99 u n d  9,15 
geeicht.

D ie D issoz ia tio n sk o n stan ten  w u rd e n  einerseits aus d en  T itr ie ru n g sk u rv e n  g raph isch  
e rm itte lt ,  andererseits aus den bei 20-, 40- u n d  60% iger N e u tra lis ie ru n g  gefundenen  p H - 
W erten  b e rechnet; im  le tz te re n  F a ll w u rd e  d e r D u rc h sc h n itt d e r  d re i b e rec h n e te n  p K a-W erte  
als p K a-W ert angenom m en; (von  d en  so b e rech n e ten  D u rc h sc h n ittsw erten , d ie in  de r T abelle  I 
v e rze ich n e t sind, w eichen d ie d re i b e re c h n e te n  p K a-W erte  u m  + 0 ,0 3  ab). D ie a u f  zwei v e r
sch iedenen  A rten  e rm itte lte n  p K a-W e rte  zeigen eine sehr g u te  Ü b e re in s tim m u n g . D a das 
S -M ethyl-S -(3-hydroxy-pheny l)-N -p -to lv lsu lfony l-su lfilim in  (IV) eine seh r schw ache Säure  
is t ,  k o n n te  de r E n d p u n k t d e r T itr ie ru n g  n u r  ungenau  fe s tg e s te llt  w erden . D eshalb  ließ sich 
in  d iesem  Fall die g rap h isch e  M ethode  n ic h t  anw enden.

*
W ir d anken  H e rrn  P ro f. V. B r u c k n e r  fü r  die A nregung  d ieser A rb e it.
D ie M ikroanalysen w u rd en  in  u n se rem  I n s t i tu t  von F ra u  H . S c h w e ig e r , F ra u  J .  K a jt á r  

u n d  F ra u  S. K utassy  d u rc h g e fü h rt, w o fü r w ir auch  an  d ieser S te lle  b e s ten s  dan k en .

Z U SA M M E N FA SSU N G

E s w urden  die D isso z ia tio n sex p o n en ten  einiger Su lfilim ine v o m  T y p  X C 6H 4S(CH 3)N T s 
(X  =  p -C O O H , m -COOH, p -O H  u n d  m -O H ) b es tim m t u n d  a u s  d iesen  d ie  H am m ettschen  
K o n s ta n te n  de r G ruppe C H 3S IVN Ts b e rec h n e t. Die W erte  ap: + 0 ,7 0 ,  a m: + 0 ,6 5 ,  a 'p: + 1 ,0 0  
u n d  a 'm: + 0 ,8 0  zeigen, d aß  die CH3S IVN T s G ruppe einen s ta rk e n  A k z e p to rc h a ra k te r  h a t  
u n d  in  d ieser B eziehung de r C H 3S 0 2 G ru p p e  m eh r ä h n e lt als d e r C H 3SO G ru p p e . Dies d ü rfte  
als eine Folge der v e rh ä ltn ism ä ß ig  s ta rk e n  p o sitiv en  P o la r itä t  des S 1̂  Schw efela tom s der 
Su lfilim ine b e tra c h te t  w erden .
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BENZAZEPINES, I IP

P R E P A R A T IO N  O F  lH ,-2 ,3 -D IH Y D R O -6 ,7 -B E N Z O [l,5 ]-D IA Z E P IN E S  AND T H E IR  
R E D U C T IO N  TO  lH ,-2 ,3 ,4 ,5 -T E T R A H Y D R O -6 ,7 -B E N Z O -[l,5 ]-D IA Z E P IN E S

K . H id e g  and О. H . H a n k o v sz k y

(In s titu te  o f  Pharmacology, U niversity  M edical School, Pécs)

R eceived  O c to b er 17, 1967

In  previous p u b lica tio n s  o f th is  series [1, 2] a n ew  m e th o d  has b een  re 
p o r te d  for th e  sy n th es is  o f 2 ,3 -d ih y d ro -6 ,7 -b en zo -[l,5 ]-th iazep in es . N ow  th is  
m e th o d  has been e x te n d e d  to  d iazep ines.

W hen o -pheny lened iam ine  o r i ts  r in g -su b s titu te d  d e riv a tiv e s  are re flu x ed  
w ith  a  sa lt o f /5-am inoketones (read ily  p rep ared  fro m  alicyclic  or a ry la lk y l 
k e to n es  b y  M a n n i c h  reac tio n ) in  som e organic so lv en t, e.g. alcohols, benzene, 
to lu e n e , xylene, e tc ., th e  follow ing /5 -elim ination-add ition  an d  co n densa tion  
reac tio n s  ta k e  p lace:

H X ; HC1, HBr.

T he m eaning  o f su b s ti tu e n ts  R 15 R 2 an d  R 3 are  g iv en  in  th e  T ab les.
A secondary  am ine  sa lt an d  w a te r  are  form ed in  th e  reac tio n  as b y -p ro 

d u c ts . I f  some ap o la r so lv en t is ap p lied , a n d  the  w a te r  fo rm ed  in  th e  reac tio n

is con tin u o u sly  rem o v ed  b y  azeo tro p ic  d is tilla tion  (also rem o v in g  th e  secon
d a ry  am ine salt), th e  progress o f th e  re a c tio n  can be fo llow ed.

* P a r t  I I :  A cta  Chim . A cad . Sei. H u n g . 56, 405 (1968)
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Table 1

No. R i R . R .
Yield

%
М. р., °С or 
В. р., °C/mm

Formula
(Molecular weight)

Analyses, %

C H N

Calcd./F oimd

l О Н Н 60 4 2 -4 3 Ca5H14N2
(222.30)

81.04
80.90

6.35
6.45

12.61
12.33

2 о Н 7(8 )0 48 45—46
250-253/0.2

C15H13C1N2
(256.75)

70.17
70.11

5.10
5.25

10.92
10.80

3 -О -“ - сн3 Н 76 3 6 -3 9 ^ 17^ - 1 8 ^ 2
(250.35)

81.56
81.78

7.25
7.40

11.19
10.98

4 -p
н о /

н н 90 119—120 ^ i5 H i3N 20
(238.29)

75.61
75.70

5.92
6.11

11.76
11.50

5 -o
н о /

н 7.8(СН3)2 87 134—136 ^ 17^ - 18^ 2^

(266.34)
76.67
76.97

6.81
6.78

10.52
10.71

6 - О 0СНз н 7.8(СН3)2 92 173—174 c18h 20n 2o
(280.37)

77.11
77.14

7.19
7.42

9.99
9.87
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C ontinued T able I

No. к. R, Rs Yield
%

M. p., °C or 
B. p., °C/mm

Formula
(Molecular weight) c

Analyses, % 

H N

Calcd./F ound

7 -c>
4 )C H 3

H 7.8(CH3)2 65 47—48 c 18H 20N 2o
(280.37)

77.11
76.90

7.19
7.32

9.99
9.62

8 -<Z> - N° 2
H 7.8(CH3)2 28 279—282 C17H 17N 30 2.HC1

(331.80)
61.54
61.48

5.46
5.23

12.67
12.63

9 — CH2— CH2-  С Н ,— CH2— H 69 40—44 ^13^-16^2 77.96 8.05 13.99
(200.29) 77.86 8.13 13.75

10 —C H 2—C H 2—C H 2—C H 2- 7(8)CH3 75 175/0.15 Ci 4H 18N 2 78.47 8.46 13.07
(214.31) 78.29 8.28 13.17

222— 225 C14H 18N 2.HC1 67.06 7.63 11.17
(250.77) 67.12 7.67 11.37

11 — CH2-  CH2-  CH2-  CH2— 7.8(CH3)2 68 53— 54 c 15h 20n 2 78.90 8.83 12.27
(228.34) 78.70 8.62 12.57
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Table II 

H

II II l

Analyses, %

No. Ri r 2 R3 Yield Formula H N% B. p., °C/mm (Molecular weight) C

Calcd./Found

12 - p
HCK

H 7.8(CH3)2 85 128-129 C17H20N2O
(268.36)

76.09
75.84

7.51
7.44

10.44
10.60

13 -<I>-0CH° H 7.8(CH3)2 70 127-128 c18h 22n 2o
(282.39)

76.56
76.76

7.85
7.80

9.92
10.09

14 — CH2-  CH2-  CH2— CH2— 7.(8)CH3 65 160/0.1 C14H20N2
(216.33)

77.73
77.77

9.32
9.52

12.95
12.80

216 
H

ID
E

G
, 

H
A

N
K

O
V

S
Z

K
Y

: 
B

E
N

Z
A

Z
E

P
IN

E
S

, 
III



HIDEG, HANKOVSZKY: BENZAZEPINES, I I I 217

T he C =  N  b o n d  o f th e  d ih y d ro  d eriv a tiv e  is s lig h tly  basic ; a sa lt is 
o b ta in ed  w ith  h y d ro ch lo ric  acid in  alcoholic m ed ium .

T he C =  N d o u b le  b o n d  can  be reduced  w ith  so d ium  b o ro h y d rid e  in  
alcoholic so lu tion  to  o b ta in  th e  te tra h y d ro  d e riv a tiv e  in  h igh  yields.

T he red u c tio n  is accom pan ied  b y  v an ish ing  o f th e  yellow  colour of th e  
d ih y d ro  d e riv a tiv e , to g e th e r  w ith  th e  h igher w ave le n g th  m ax im u m  in th e  U V  
sp ec tru m .

The com pounds p re p a re d  are  lis ted  in  T ables I  a n d  I I .

Experimental

lH ,-2 ,3 -D ih y d ro -4 -(4 ’-m eth o x y p h eiiy l)-6 ,7 -b en zo -(7 ,8 -d im eth y l)-[1,5] -diazepine (No. 6)

A suspension o f 13.4 g (0.1 m ole) o f 4 .5 -d im ethy l o -p h en y len ed iam id e  an d  28.3 g (0.1 
m ole) o f  /i-p ip e rid in o -p -m eth o x y p ro p io p h en o n e  hydroch loride  in  100 m l o f  xy lene  w ere re flu x ed  
fo r 2 h rs. in  an  a p p a ra tu s  eq u ip p ed  w ith  a Marcusson  w a te r se p a ra to ry  a d ap te r . D uring  th is  
p eriod  1.8 m l (0.1 m ole) o f  w a te r  co llected  in  th e  ad ap te r . T h e  re a c tio n  m ix tu re  was f ilte red  
s till  h o t  to  sep ara te  p ip e r id in e  h y d roch lo ride  (12 g). On cooling, th e  f i l t r a te  d eposited  orange  
c ry s ta ls  (92% ). R e c ry s ta lliz a tio n  from  xy len e  gave a p ro d u c t o f m .p . 173— 4°.

E tO H  c, 0.5 • 104 m ole
Лпах (log <0 m /r 276 (3.01), 360 (2.58).

1 H ,-2,3,4,5 -T e trah y d ro -4 -(4 ’-m ethoxy p h en y l)-6,7 -b en zo -(7 ,8 -d im eth y l)-[1,5] -diazepine
(No. 13)

28.0 g (0.1 m ole) o f lH ,-2 ,3 -d ih y d ro -4 -(4 ’-m eth o x y pheny l)-6 ,7 -benzo-(7 ,8 -d im ethy l)- 
[l,5 ]-d iazep in e  (No. 6) w as d issolved in  250 m l o f abs. E tO H , 12 g o f sodium  b o ro h y d rid e  
w as ad d ed , and  th e  m ix tu re  re flu x ed  fo r 3 h rs. T he com plex w as decom posed  b y  th e  a d d itio n  
of w a te r, th e  alcohol w as re m o v e d  b y  d is tilla tio n , and  th e  resid u e  e x tra c te d  th ree  tim es w ith  
50 m l o f  chloroform  each . T h e  o rgan ic  e x tra c ts  were com bined, d ried  o v er a n h y d ro u s N a2S 0 4 
an d  filte red . T he so lv en t w as e v ap o ra te d  a n d  th e  residue c ry s ta lliz ed  from  70%  E tO H  to  
y ield  85%  p ro d u c t, m .p . 127— 8°.

E tO H  c, 0.5 • 10“ 4 m ole
Umax (log e) m /r 284 (2.24), 302 (2.32).

T he au th o rs  ex p ress  th e ir  th a n k s  to  M rs. M. О тт an d  M iss T . Huszár for th e  m icro 
analyses an d  for te c h n ica l a ssistance .

SUM M ARY

T he new  m eth o d  fo r  th e  syn thesis o f benzth iazep ines desc rib ed  in  o u r earlie r p u b li
cations has been e x te n d e d  to  benzdiazep ines. o -P h en y lened iam ine  or its  rin g -su b s titu te d  
d e riv a tiv e s w ere re ac te d  w ith  /9-am inoketone sa lts ; an  am ine s a l t  a n d  w a te r  were e lim in a ted  
a n d  su b s titu te d  lH ,-2 ,3 -d ih y d ro -6 ,7 -b en zo -[l,5 ]-d iazep in es  w ere o b ta in ed . T he 4,5— C = N  
group  w as reduced  w ith  so d iu m  b o ro h y d rid e  to  o b ta in  th e  co rresp o n d in g  lH ,-2 ,3 ,4 ,5 - te tra -  
h y d ro -6 ,7 -b en zo -[l,5 ]-d iazep in es in  h igh  yields.
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BENZAZOLES, VI*

O -A L K Y L A T IO N  O F  2 -(H Y D R O X Y P H E N Y L )- A N D  2-(H Y D R O X Y -B E N Z Y L )
B E N Z A Z O L E S

О . H .  HA NKO VSZKY an d  K .  H lD E G  

(In s ti tu te  o f  Pharmacology, U niversity  M edical School, Pécs)

R eceived  O ctober 17, 1967

In  a n  ea rlie r pu b lica tio n  (P a r t  I I I* * )  o f th is  series, th e  a lk y la tio n  o f 
th e  im ino  g ro u p  o f benzim idazoles b y  m eans o f a lk y l h a lides or halogen  a c e ta 
m ides, re sp ec tiv e ly , was rep o rted .

In  th e  p re se n t p ap e r, we re p o rt th a t  2 -h y d ro x y -p h en y l or 2 -h y d ro x y - 
b e n z y l-su b s titu te d  benzim idazoles are  se lec tive ly  a lk y la te d  a t  th e  p heno lic  
h y d ro x y l g ro u p  on tre a tm e n t w ith  an  eq u iv a len t a m o u n t of halogen a lk y la - 
m ines o r h a lo g en  acetam ide.

Hal-R 
NaOH

E v id e n tly , 2 -(hydroxypheny l)benzoxazo le  a n d  benzth iazo le  can  be 
O -a lk y la ted  in  th is  w ay.

T he fa c t  t h a t  in  th e  case o f benzim idazo le  th e  N H  group has rem a in ed  
in ta c t  d u rin g  th e  a lk y la tio n  reac tio n  is c learly  d e m o n s tra te d  b y  th e  ap p e a ra n ce  
o f a s tre tc h in g  v ib ra tio n  b a n d  in  th e  in fra red  sp e c tru m  o f th e  a lk y la ted  d e r iv 
a tiv e  a t  2.9 — 3.0 pi, in d ica tin g  th e  presence o f a n  N H  group , as w ell as b y  
in ten se  b a n d s  a t  9 .2 —9.4 pi ch a ra c te ris tic  of a ry l-a lk y l e th ers .

Biological activity

B iogical te s ts  rev ea led  th e  physio log ica l a c t iv i ty  o f these  d e riv a tiv e s . 
Some c h a ra c te ris tic s  of th e  re la tio n sh ip  b e tw een  chem ical c o n s titu tio n  a n d  
ph arm aco lo g ica l ac tio n  are  as follow s:

1. P a r t ic u la ry  th e  benzim idazole  d e riv a tiv e s  e x h ib it selective c o ro n a ry  
d ila ta to ry  effect.

* P a r t  V .: Hankovszky, H . O., Hideg, К .:  A c ta  C him . A cad . Sei. H ung . 53 7 405
(1967)

** H id e g , К ., H ankovszky, H . O .: A c ta  Chim. A cad . Sei. H u n g . 49, 303 (1966)
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Table I

Hi
r 2

No. r2 X Y
Y ield ,

% M. p., °c F o rm u la
(M olecular w eight) c

c

\n a ly se s , %

H  N  

alcd . /F o u n d

*

70 201-202 c2„h 17n 3o 76.16 5.43 13.33
l H 4’ OCH- /  N NH CH, (315.38) 76.34 6.08 13.57

207—210 C9„H,7N ,0 .2HC1 61.87 4.93 10.82
(388.31) 61.57 5.12 10.46

CH,-CH3 78 35—36 c20h 25n 3o 74.27 7.79 12.99
2 H 4’— OCH2-C H 2—NX NH CH2 (323.44) 74.50 7.89 12.40

\ „ 197—200 C,„H,,N,0.2HC1 60.61 6.86 10.60CH2—C.JH-3 (396.37) 60.34 6.78 10.20

90 130-131 C20H23N3O2 71.20 6.87 12.46 28 130**
3 H 4’— OCH2— СГ /СН.-СН, NH CH2 (337.43) 71.20 6.87 12.47

\ N/ 159-161 c20h 23n 3o2.hci 64.25 6.47 11.24 28 131
\ (373.89) 64.27 6.47 11.31

CH2-C H 3

4 H
/ 0

4’-O C H ,-C ^  /(CH,),-CH3 NH CH, 65 126-128 C„H„N,0,.HC1 65.75 7.02 10.45
\ N/ (401.94) 66.08 7.00 10.41

X(CH2)2-C H 3
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C ontinued T able I

N o. R: R. X Y Y ield,
% M. p., cc F o rm u la

(M olecular w eigh t)

A

C

n a ly se s , % 

H N *

C alcd ./F o u n d

5 H y °4’—OCH2— C f /(CH2)3—CH3
Xl'T

4 (CH2)3-C H 3

NH CH2 70 134—136 C,4H;J1N30.,. ПС1 
(430.00)

67.04
67.34

7.50
7.67

9.77
9.56

6 5(6)C1 4’—OCH2—C f /СИ, CH, 
\ N /  -

SCH2-C H 3

NH CH2 75 92—93 C.,0Ho2C1N30 2.HC1
(408.34)

58.83
58.50

5.67
5.47

10.29
9.93

y ° 52 86-89 C21H23N30 2 71.62 6.31 12.53
7 H 4’-OCH2—c f  4 NH CH„ (349.44) 71.32 6.21 12.73

\ n 195—198 Co,H„N30,.HCl 65.36 6.27 10.89
(385.90) 65.30 6.65 11.20

y ° 74 122—125 70.57 6.54 12.99 28 132
8 H 2’— OCH2— cr  /СН,—CH3 NH — (323.40) 70.26 6.80 13.00

\ N/ 204—206 C,„H„NoO, HC1 63.42 6.16 11.68 28 133
\
XCH2—CH3

(359.87) 62.97 6.10 11.67

3’-OCH3 .0 90 115-116 ^ 2 0 ^ - 2 3 ^ 3 ^ 3 67.97 6.56 11.89
9 H 4’-OCH2- C  *  /CHo-CHo NH — (353.43) 67.89 6.67 11.70

\ N7 179—180 c20h 23n 3o3. hci 61.61 6.21 10.78

CH2 -CI1:]
(389.89) 61.50 6.32 10.55
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Continued Table I

N o . R i R . X Y
Y ie ld ,

% M. p., °c F o rm u la
(M olecu lar w eigh t) c

Lnalyses, °/ 

H N *

C alcd ./F o u n d

1 0 H
y °

2’—ОСИ,—C
2 \  

XNH
NH — 72 180-182 C23H21N30 2.HC1

(407.91)
67.73
67.85

5.44
5.20

10.30
10.16

и H 2’-OCH2-C f^  ,CH2-C H 3 0 — 60 1 0 0 - 1 0 2 C19H20N2O3.HCl 63.24 5.86 7.76 28 147
\ n ( (360.85) 63.50 5.90 7.80

\ ш 2-С Н 3

y ° 65 46—49 67.04 5.92 8.23
1 2 I I 2’—OCH2— С" /CH2— CH3 s — (340.45) 67.15 6.00 8.33

\ r r 76—79 c19h 20n 2o2s . HC1 60.52 5.61 7.43
XCH2-C H 3 (377.10) 60.70 5.68 7.60

* Sadtier S tandard Spectra  Collection 
** N M R  C ollection, No. 1832M
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2. T he effectiveness depends on th e  p o sitio n  of s u b s ti tu e n t R 2, p o s itio n  
4 ’ b e in g  m ore fav o u rab le  th a n  positio n  2’.

3. T he effectiveness also depends on th e  ca rboxam ide  g roup . In  th e  case 
o f a n  a lip h a tic  ca rb o x am id e  th e  a c tiv ity  is h ig h er th a n  in  case of alicyclic  
am ides.

T he com pounds p re p a re d  are  su m m arized  in  T able I .

T he I R  and  N M R  spectroscop ica l m easu rem en ts  w ere m ade  by  Sadtler Research Labora
tories ( P hiladelphia)  a n d  th e  sp e c tra  h av e  been  p u b lish ed  in  th e  p roceed ings o f th a t  Labora
tory (S a d tle r  S tandard Spectra Collection), fo r w h ich  th e  au th o rs  w ish to  express th e ir  th a n k s .

T h e  b iological ex p erim e n ts  w ere  accom plished  in  our In s t i tu te  b y  P ro f. D r. M é h e s , 
P ro f. D r. Sz e k e r e s  a n d  D r. P a p p . T he re su lts  a re  to  be  published  in  d e ta il elsew here.

T h e  au th o rs  th a n k  M rs. M. О тт  an d  Miss T . H uszár  for th e  m icroanalyses a n d  fo r 
te c h n ica l assistance.

E xperim en ta l

2-[ortho-(2-Benzimidazoyl)phenoxy]-N,N-diethylacetamide (No. 8)

21.0 g (0.1 m ole) o f 2-(2’-h y d ro x y p h en y l) benzim idazole w as d issolved in  e th a n o l 
(200 m l) a n d  a so lu tion  c o n ta in in g  4 g (0.1 m ole) o f  N aO H  in  ab o u t 10 m l o f w a te r  w as ad d ed . 
14.9 g (0.1 m ole) o f N ,N -d ie th y l-ch lo ro ace tam id e  w as a d d ed , and  th e  re ac tio n  m ix tu re  re flu x e d  
fo r 2 h rs. T h e  NaCl w h ich  se p a ra ted  w as filte red  o ff a n d  th e  f i ltra te  co n ce n tra ted . T h e  re s i
due  w as crysta llized  fro m  50%  aq u eo u s E tO H  to  y ie ld  24.0 g (74% ) o f th e  p ro d u c t, m .p . 
122— 5°.

Hydrochloride. D ry  HC1 gas w as passed  in to  a  so lu tio n  of th e  base  in  ace tone  to  p re c ip i
t a te  th e  h y d ro ch lo rid e , w h ich  w as recry sta llized  fro m  E tO H , m .p. 204— 6°.

SU M M A R Y

2 -(H y d ro x y p h en y l)-  a n d  2 -(h y d ro x y b en zy l) benzazo les (benzim idazo le , ben zo x azo le , 
b e n z th iazo le )  can be  O -a lk y la te d  in  good y ields w ith  halogen  a lk y lam in es o r h a logen  a c e t
am id es. I n  th e  case o f b enzim idazo le  d e riv a tiv e s a lk y la tio n  proceeds se lec tive ly  a t  th e  p h en o lic  
h y d ro x y l group . T he com p o u n d s e x h ib it co ro n ary  d ila to ry  effect.

K á lm á n  H i d e g  

Olga H . - H a n k o v s z k y
P écs, R ákóczi ú t  2.
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DETERMINATION OF MASS TRANSFER COEFFICIENTS 
IN THE EXTRACTION OF MEDICINAL PLANTS 

WITH AN ORGANIC SOLVENT
K . S z á s z

(Chemical W orks o f  Gedeon R ichter L td . B u d a p est)

R ece iv ed  A ugust 8, 1967

T he im p o rtan ce  o f p h arm aceu tica ls  of v eg e tab le  orig in  seems to  h av e  
grow n s tead ily  in  th e  la s t decades. R esearch in  th e  fie ld  o f p la n t ch em istry  
has led  to  th e  d iscovery  o f  a n u m b e r of rem ark ab le  p ro d u c ts , e.g. h y po tensives 
an d  sed a tiv es  as reserp ine  a n d  v incam ine; c a rc in o s ta tic  ag en ts  as v in b la s tin e  
and  v in c ris tin e ; a n d  s ta r t in g  m ate ria ls  for p a r t ia l  sy n th ese s  o f stero id  h o r
m ones, such as diosgenin , so lasodine, fu n tu m in e , fu n tu m id in e , etc.

T he e x tra c tio n  of m ed ic in a l herbs w ith  o rg an ic  so lv en ts  is a p rob lem  
w hich has been  little  s tu d ie d . T he m ajo rity  o f p u b lic a tio n s  in  th e  fie ld  o f th e  
e x tra c tio n  of veg e tab le  m a t te r  deals w ith  th e  e x tra c tio n  o f su g ar from  su g ar 
b ee t [1 —6 ], while a few o th e rs  are  concerned w ith  th e  p ro d u c tio n  of veg e tab le  
f a t ty  oils [7 —9]. B ecause o f  th e  specific p ro p ertie s  o f  th e  m a te ria ls , th e  p h y s i
cal-chem ical c h a ra c te r  o f th e se  processes m a rk e d ly  d iffers from  th e  so lv en t 
e x tra c tio n  of m ed ic inal h e rb s ; on ly  a few g enera l conclusions can he u tilized  in  
th e  la t te r  case. T he ce llu la r tissu e  of m edicinal p la n ts  a n d  th e  chem istry  o f 
th e ir  ac tiv e  p rincip les are  so d iverse  th a t  th e  p ro b lem  o f th e ir  e x tra c tio n  w ith  
an y  one so lven t c an n o t be  tr e a te d  generally. H o w ev er, th e  in tensive  s tu d y  o f 
one p a r tic u la r  so lv en t e x tra c tio n  process seem ed to  be a p rom ising  ap p ro ach , 
and  we hope th a t  we h av e  fo u n d  b y  th e  resu lts  o f th is  s tu d y  som e ex p erim en ta l 
tech n iq u es  an d  co rre la tio n s w hich  can also be u sed  in  o th e r  cases.

T he m odel we em p lo y ed  w as th e  e x tra c tio n  o f  th e  a lkalo ids of th e  p e r i
w inkle (V inca  m inor  L .) [10], w ith  to luene.

Mass transfer area

T he eq u ilib riu m  d is tr ib u tio n , a tta in e d  b y  d iffu sion  o f th e  ac tive  p rincip le  
b e tw een  th e  e x tra c tin g  so lv e n t a n d  th e  cell sap , is a fu n c tio n  of several fa c to rs , 
such  as th e  m ass tra n s fe r  a re a , ra tio  of so lven t to  so lid , a g ita tio n , te m p e ra tu re . 
In  th is  p a p e r we propose to  in v es tig a te  (w ith in  th e  scope of th e  e x tra c tio n , 
w ith  to lu en e , o f th e  a lk a lo ids o f th e  periw inkle) th e  ro le of th e  m ass tra n s fe r  
a rea  alone.

7 Acta Chim. Acad. Sei. Hung. 57, 1968



2 2 6 SZÁSZ: MASS TRANSFER COEFFICIENTS

Preparation o f a solid w ith a known ratio 
of intact and crushed m ass transfer areas

W h en  p lan t m a te r ia l is c o m m in u ted , some surfaces w ill be  le f t in ta c t, 
w h ile  o th e rs  will be c ru sh ed . T he e x tra c tio n  o f th e  a lkalo ids across th e  surfaces 
le f t  in ta c t  will p roceed , b y  in h ib ite d  d iffusion , m ore slow ly th a n  th e  u n in h ib 
i te d  d iffusion  across surfaces co n sisting  o f  crushed  cells. To acce le ra te  the  
e x tr a c t io n  process i t  w ou ld  seem  th e  m o st exp ed ien t, to  co m m in u te  to  p roduce

5A3 cm2 

6,12 cm2

/ 9 4  
l  ^  / \
/ t effective ~ 6,80 cm 

1 ^ J  fcalc. ~ 6,12 cm2
Ч'Ч '  t\ Ч Л /

F ig. 1. Leaves o f V inca m inor  L ., a n d  th e  calcu la tion  o f th e  su rface  a rea

as m a n y  fine partic les  as possib le, th u s  ensu ring  th e  g re a te s t possib le  p ro p o r
t io n  o f  crushed  m ass tra n s fe r  a rea . H ow ever, in  com m ercial o p e ra tio n s  th is  
deg ree  o f  com m inution  w ould  en c o u n te r  techno log ical d ifficu lties. T herefo re , 
in  o u r  ex p erim en ta l s tu d ies  o f th e  p rin c ip les  of e x trac tio n , we used  a co m m in u tio n  
m e th o d  w hereby  in ta c t  a n d  cru sh ed  m ass tra n s fe r  areas of v a rio u s  d im ensions 
co u ld  be  ob ta ined  in  a know n  ra tio . F o r  th is  purpose , th e  leaves o f o u r m odel 
p la n t ,  periw inkle, p ro v ed  su itab le . T he shape , size an d  sm o o th n ess  o f  the  
su rfa c e  o f these leaves m ade th e  p re p a ra tio n  of partic les o f k n o w n  d im ensions 
p o ssib le . These leaves are  from  1.5 to  2.0 cm  across, an d  from  3.0 to  5.0 cm  long.
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I n ta c t  leaves can  be considered  those w ith  u n d a m a g e d  cell walls w here  
in  e x tra c tio n  m ass tra n s fe r  proceeds en tire ly  b y  in h ib ite d  diffusion. M ention  
m u st be m ade o f th e  fa c t th a t  in  o rd er to  sim p lify  th e  p ic tu re , in  all o u r e x 
p e rim en ts  we assum ed  th e  to p  an d  th e  underside  o f  th e  leaves to  be e q u iv a le n t 
from  th e  p o in t of v iew  o f m ass tra n sfe r , th o u g h  th e se  tw o sides are  d iffe ren t 
an a to m ica lly . (This e x p e rim e n ta l m a te ria l is m a rk e d  N o. 0.)

S u itab le  le n g th  an d  b re a d th  of th e  leaves allow  reg u la r square p a ra lle l
ep ipeds to  be c u t o u t o f th e m . I f  th e  th ickness o f  th e  le a f  is m easured , th e  a rea  
of th e  fo u r sides of th e  p a ra lle lep ipeds can also be  c a lcu la ted ; th is  a rea  re p re 
sents th e  cru sh ed  a rea , w hereas th e  u p p er an d  low er p lanes of th e  p a ra lle l
ep ip ed s, i.e. th e  in ta c t  o rig inal ex te rio r  o f th e  leav es, is th e  surface fo rm ed  by 
undam aged cells.

T h u s solid bodies are  o b ta in ed  for w hich th e  ra tio  of th e  m ass tra n s fe r  
areas fu rn ish ed  b y  c ru sh ed  an d  b y  u n dam aged  cells can  he ca lcu la ted  acco rd ing  
to  sim ple ru les o f g eo m etry . A cco rd in g ly ,sq u are  p a ra lle lep ip ed s m easuring  1.00 
b y  1.00, or 0.50 b y  0.50, or 0.25 b y  0.25 cm w ere c u t  from  th e  lea f b lad es . 
(This ex p e rim en ta l m a te r ia l w as m ark ed  No. 1, N o. 2, an d  No. 3.)

F in a lly , from  th e  sam e s to ck  of leaves, e x p e rim e n ta l m a te ria l w as p re 
p a red  b y  colloidal m illin g ; th is  gave m ain ly  c ru sh ed , m echanically  opened  
cells (coarse an d  fin e  pow der, m ark ed  No. 4 an d  N o. 5).

Experim ental extractions and their m athem atical evaluation

W ith  th e  ex p e rim en ta l m a te ria ls  Nos 0 to  5, sim ple ex trac tio n s w ere 
carried  o u t u n d e r un ifo rm  s ta n d a rd  conditions, a n d  fo r each  of th e  m a te ria ls  
th e  a lkalo id  co n c e n tra tio n  o f th e  e x tra c t as a fu n c tio n  o f tim e  was d e te rm in ed .

W hen  in ta c t  leaves are  e x tra c te d , th e  q u a n t i ty  of alkaloids found  in  th e  
e x tra c t is considered  to  be o b ta in ed  en tire ly  b y  in h ib ite d  diffusion. I f  th e  to ta l  
surface a rea  o f th e  b a tc h e s  o f in ta c t  leaves used  is m easu red  an d  ca lcu la ted , 
th e  q u a n t i ty  of a lkalo ids e x tra c te d  can  be re fe rred  to  u n it  m ass tra n sfe r  areas 
th a t  consist of u n d am ag ed  cells. O f course, from  th e  sam e q u a n tity  of a com
m inuted  solid su b stan ce , a g re a te r  q u a n tity  o f th e  alkalo ids is tra n sfe rre d  in to  
th e  so lu tion  d u rin g  th e  sam e tim e . W ith  regularly com m inuted  b a tch es, th e  
m ass tra n s fe r  a rea  supp lied  b y  th e  u ndam aged  cells be ing  know n, th e  q u a n t i ty  
of a lkalo ids e x tra c te d  across th e  crushed  m ass tra n s fe r  surface a rea  can  be 
read ily  ca lcu la ted . In  our ex perim en ts we w ere ca re fu l th a t  th e  well defined  
p artic les o b ta in ed  in  th e  p re p a ra to ry  opera tions o f c u ttin g  or m illing shou ld  
n o t be fu r th e r  d is in te g ra te d ; to  p re v e n t th is , a so-called  “ s ta tio n a ry  sy s te m ”  
of e x tra c tio n  w as a d o p te d , i.e. th e  e x tra c tin g  so lv e n t, to luene , w as c ircu la ted  
th ro u g h  th e  loosely p ack ed  pa rtic le s . In  th is  case th e  m a te ria l balance o f th e  
process can be w ritte n  as follows:
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— dx =  f  • dy  (1 )

w h ere  dx  is th e  c o n c e n tra tio n  change in  th e  solid of th e  su b stan ce  to  be ex
t r a c te d  (p g o f th e  ac tiv e  p rincip le  p e r g o f “ cells” ), dy  is th e  co n c e n tra tio n  change 
in  th e  e x tra c t o f th e  su b stan ce  to  be e x tra c te d  (pg of ac tive  su b s ta n c e  p e r g of 
to lu e n e  ex trac t) , a n d  f  is th e  liqu id  ra tio  (g o f to luene  e x tra c t p e r  g o f  “ cells” ).

T he expression “ cells” , in  th is  c o n te x t, ind ica tes  th e  inso lub le  d ry  m a tte r  
o f th e  leaves p lus th e  so lv en t re ta in e d  b y  it ,  th e  to ta l  q u a n tity  of th e  so-called 
“ sw ell liquor”  or “ a r tif ic ia l cell liq u o r” .

In  th e  case o f f in ite  changes, E q . (1) ta k e s  th e  form :

* =  *o — f ( y — Jo) (2)

B ased  on F ic k ’s F irs t  L aw , m ass tra n s fe r  can  he rep resen ted  b y

* ^ = - А Ф ( х - у )  (3)
di

w here  di  is the  tim e  o f e x tra c tio n , A  is a p ro p o rtio n a lity  fac to r, an d  Ф is th e  
m ass tra n sfe r  area o f  one u n it m ass o f solids.

F rom  E q . (1) a n d  E q . (3) i t  follows th a t

- f ^ r = ~ А Ф ( х  - у )
di

S u b s titu tin g  E q . (2), w h e n y 0 =  0, fo r x  in  th is  eq u a tio n , sep a ra tin g  th e  v a r ia 
b les, a f te r  in te g ra tio n , a n d  arran g in g  th e  te rm s, we get

J o o  - У

У »

exp. A 0 Í ± ± i
f

( 0

I n  th is  equationy ,,, is th e  equ ilib rium  c o n c e n tra tio n  of th e  e x tra c t, d e te rm in ed
X

b y  th e  co rrelation  -------— =  y „ ;  у  is th e  a c tu a l co n cen tra tion  o f th e  e x tra c t  a t

tim e  i; A  is the  p ro p o rtio n a lity  fa c to r; Ф is th e  m ass tra n sfe r  a rea  o f one u n it  
m ass o f solids; an d  f  den o tes  th e  liq u id  ra tio .

U sing com m on lo g a rith m s, E q . (4) ta k e s  th e  following fo rm :

log Jo — А Ф  f Ü i  i
2 -3  /

( 5 )

I f  у  changes as a fu n c tio n  of tim e , a n d  i ts  va lues are  know n from  ex p e rim en ts ,
у  °° — Уth e  va lu es  of th e  te rm  log °° p lo tte d  as a fu nc tion  of tim e  give a s tra ig h t

У 00
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line , w hen  А Ф — -----  is c o n s ta n t, th is  being th e  slope o f th e  s tra ig h t line
2 ' 3  f

so p lo tte d .
In  E q . (5), у  can  be d e te rm in ed  ex p erim en ta lly , a n d  th e  values / ,  Ф,  a n d  

y „  can  be ca lcu la ted  from  e x p e rim e n ta l d a ta , re sp ec tiv e ly . T he m ass tra n s fe r  
coeffic ien t A  can  th e n  be c a lc u la ted  w ith  th e  d a ta  th u s  o b ta in ed .

I t  is to  be n o te d  th a t  th e  a p p lica tio n  of F ic k ’s F irs t  Law  for a diffusion 
process is allow ed if  we assum e t h a t  th e  co n cen tra tio n s  x  an d  у  are in v a r ia n t 
to  space co -o rd inates, i. e. if  th e  d iffusion  process is th o u g h t to  he confined  to  
th e  b o u n d a ry  lay e r (film ) fo rm ed  a t  th e  c o n ta c t su rface  of d rug  e x tra c t;  
fu r th e r  i f  i t  is assum ed  th a t  a conv ec tiv e  eq u a liza tio n , w hich  has a ra te  b y  
sev era l o rders o f m ag n itu d e  h ig h e r th a n  th e  d iffusion  process, is ta k in g  p lace 
in  th e  cell liquo r as well as in  th e  f lu id  e x tra c t. I f  th e se  co n d itions do n o t ho ld , 
th e n , s tr ic tly , F ic k ’s Second L aw  on ly  is applicab le . In  o u r ex p erim en ts  th e  
a ssu m p tio n  holds on ly  for y :  th e  rec ircu lation  o f th e  e x tra c tiv e  flu id  assures 
the  sp a tia l eq u a liza tio n  of c o n c e n tra tio n  у  by  con v ec tio n  w ith in  th e  e x tra c to r . 
O ur sim plify ing  a ssu m p tio n  c a n n o t th u s  be m a in ta in e d  fo r co n cen tra tio n  x  
w ith in  th e  cells. T he indep en d en ce  o f  th is  value fro m  th e  sp a tia l co -o rd ina tes 
c a n n o t be assu red  b y  convection . T herefo re , our fo llow ing discussions h av e  only  
an  ap p ro x im a te  c h a ra c te r; we s ta r t  w ith  the  a ssu m p tio n  th a t  th e  d ifference 
be tw een  u n in h ib ited  an d  in h ib ite d  diffusions is h igh en ough  to  m an ifest itse lf  
clearly  in  th e  shape  of th e  cu rves even  w hen th is  sim p lified  calcu la tion  is used.

A n ex ac t d iscussion of th e  p rob lem , on th e  basis  o f F ick ’s Second Law  
will be given in  a fu r th e r  co m m unica tion .

E xperim en ta l

A  suffic ien t q u a n ti ty  o f e x p e rim e n ta l m ate ria l, consisting  o f le a f  b lades on ly , h a d  been  
h a rv e s te d  from  one p lace  an d  d ried  in  a  c u r re n t  o f air.

I n  p re lim in a ry  ex p erim en ts  we fo u n d  th a t  in  o rd e r to  ach iev e  m easu rab le  e ffects, n o t  
less th a n  1.5 g o f th e  a ir-d ried  d ru g  h a d  to  be  tak e n  for one e x tra c t io n  exp erim en t. T o be ab le  
to  c a lcu la te  th e  specific m ass tra n s fe r  a rea , th e  surface a rea  o f a  1.5 g b a tc h  of in ta c t  leav es 
m u s t b e  d e te rm ined .

F ro m  a m ass o f leaves o f  a p p a re n tly  o f th e  sam e size, 1.5 b a tc h es  were w eighed w ith  
0.01 g accu racy , th e n  th e  n u m b er o f leaves in  each b a tc h  w as co u n ted .

Table I

N u m b e r  o f  l e a f  b la d e s  i n  a ba tch  w e ig h in g  1 .5  g

N u m b e r o f leaves 
49 
51 
48 
47

_________50________
A v erag e  49 leaves
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T h e  av erag e  form  of p e riw in k le  leaves is n e a rly  e llip tic  (F ig . 1). T herefore, to  c a lcu la te  th e  su r
face  a re a  o f the  two sides o f  th e  leaves in  a 1.5 g b a tc h , th e  fo rm ula  T  =  2 a .b .n  fo r th e  a rea  o f 
a n  e llip se  was used. F o r su ch  a  h a tc h  of in ta c t  leaves 460 cm 2 was fo u n d  as th e  m ass tran sfe r  
a re a . H ow ever, since th e  o u tlin e  o f  th e  leaves is n o t  a n  e x ac t ellipse, th is  m e th o d  o f  calcula tion  
n e ed s  som e correction. A n u m b e r  o f  leaves, se lec ted  to  co rrespond  as fa r  as possib le  to  th e  av er
age fo rm  of leaves, w as d iv id e d  in to  tw o groups, one fo r m o st e llip tical leaves, an d  one for 
le a v e s  w ith  the  g rea tes t d e v ia tio n s  fro m  an  ellipse. T h e  su rface  a reas o f th ese  w ere  th en

(a )  calculated  on th e  b asis  o f ellipses o f  th e  b e s t f i t  (ts) and
(b )  m easured w ith  a  p la n im e te r  (t().
I n  th is w ay we fo u n d  t h a t  th e  ca lcu la ted  a rea  w as som ew hat g re a te r  th a n  t h a t  ac tu a lly  

m e a su re d , b u t the  tw o v a lu e s  w ere  n o t  to o  d iffe ren t, so th a t  th e  c a lcu la te d  a rea  m ultip lied  
b y  a co rrec tio n  facto r gav e  th e  a c tu a l v a lue .

T h e  app licab ility  o f th e  co rrec tio n  fa c to r  w as checked  as follows. F ro m  1 cm  pieces cu t 
o u t  o f  th e  leaves in  th e  w a y  d esc rib ed  below , a  b a tc h  o f 1.5 g w as fo u n d  to  h a v e  191 pieces. 
T h e  su m  to ta l  of th e  su rfa c e  a rea  o f th e  u p p e r a n d  low er surfaces is, o f  co u rse , 2 • 191 =  
382 c m 2, w hereas th e  c a lc u la te d  a re a  co rrec ted  b y  th e  fa c to r m en tio n ed  ab o v e  w as 460.0.824 
=  379 cm 2; th e  error is less th a n  1% .

Table II

Determination o f  the correction factor to the calculated area o f  le a f surface

N o .
L e a f  s u r f a c e  a r e a ,  m m 2

C a lc d . ( ts) F o u n d  (if)

l 684 521 0.762
2 500 479 0.958
3 766 643 0.840
4 706 531 0.752
5 566 458 0.810

(A verage) correction  fa c to r 0.824

P re p a ra tio n  of solid p a rtic les w ith  in ta c t and  crushed  m ass tran sfe r a reas in  kno w n  proportion

T h ree  hollow steel p u n c h e s  w ere m ade , each  w ith  a square  c u ttin g  edge o f 1 cm, 0.5 cm 
a n d  0.25 cm , respectively , p e r  side , so t h a t  w ith  th ese  1.00 X 1.00, 0.50 X 0.50, an d  0.25 X 
X 0 .25 cm  squares could b e  c u t  o u t o f th e  leaves to  fu rn ish  ex p erim en ta l m a te ria l Nos 1, 2, 
a n d  3.

I n  order to be ab le  to  c a lcu la te  th e  a rea  o f th e  sides o f th e  p a ra lle lep ip ed s cu t o u t of 
th e  leav es , th e  th ickness o f th e  leave  b lades w as m easu red  w ith  a  p a ir  o f m ic ro m ete r callipers. 
T h e  a r ith m e tic  m ean of 150 su ch  m easu rem en ts  gave 0.0136 cm as th e  h e ig h t o f th e  paralellepi- 
p ed s . T h e  probable e rro r,

a =
\‘

Z(d2)
n — 1

(w h ere  о  =  limes, d =  d e v ia t io n  o f  a single m easu rem en t from  th e  av erage  v a lu e , n =  n u m 
b e r  o f  m easurem ents) w as fo u n d  to  fa ll w ith in  + 1 5 % ;  th u s  th e  h e ig h t h o f th e  paralle lep ipeds 
w as 0.0136 +  0.0020 cm , o r a p p ro x im a te ly  h =  0.014 cm . A 1.5 g b a tc h  o f th e  sq u a re  paralle l
e p ip e d s  h as  a m ass tra n s fe r  a re a  o f 380 cm 2 of in ta c t  cells, a n d  its  m ass tra n s fe r  a rea  r  of crushed 
cells c an  be  calculated  b y  a  sim ple  geom etrical o p e ra tio n  using  h e ig h t h =  0 .014 cm. Thus r 
( in  c m 2) =  4 . l .h ;  exp ressed  a s  p e r cents,

r X

2 h
1 +  2 h

1 0 0 .
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Besides th e  sam ples w ith  a m ass tran sfe r  a rea  g iven  b y  in ta c t  cells only (whole leav es , 
sam ple  No. 0), an d  th e  sam ples w ith  a  know n p ro p o rtio n  o f m ass tra n s fe r  a rea  g iven  b y  
c ru sh ed  cells (sam ples N o. 1, 2, an d  3), sam ples o f coarse pow der , f ro m  co m m inu tion  in  a  h a m 
m er m ill (sam ple No. 4) a n d  sam ples of f in e  powder p re p a re d  w ith  th e  help  o f a  h igh  speed  
ro ta ry  b lade  (coffee) m ill (sam ple  No. 5) were also su b je c ted  to  e x tra c tio n  ex p erim en ts. T h u s  
th e  sam ples of solids p re p a re d  w ere th e  following:

Table III

Solid  particles, w ith  intact and crushed mass transfer surface areas o f  definite ratio

No. Particle size
Percentage intact 

surface area 
(100 — rx)

Percentage 
crushed surface 

area (гж)

0 I n ta c t  leaves 100 _
l 1.00 by  1.00 cm 97.3 2.7
2 0.50 by 0.50 cm 94.7 5.3

3 0.25 b y  0.25 cm 90.0 10.0

4 Coarse pow der 81.3* 18.7*

5 Fine pow der 22.0* 78.0*

*The surface  a rea  ra tio s  fo r coarse an d  fine  p o w d ers  re su lt  fro m  th e  slopes o f  th e  
resp ec tiv e  v e lo c ity  cu rves.

Determination of the alkaloid contents of the solid substance

T he alka lo id  c o n te n ts  o f th e  sam ples w ere d e te rm in e d  b y  o u r m ethod  developed  
ea rlie r  [11].

F ine ly  co m m in u ted  le a f  pow der (3 g) is kneaded  w ith  a 10%  so lu tio n  o f am m onia  (3 m l). 
T he w e t m ass is e x tra c te d  w ith  benzene (f irs t 20 m l, th e n  tw ice  w ith  10 m l). T he f ilte re d  e x 
t ra c ts  a re  com bined a n d  m ade  up  w ith  benzene to  100 m l.

A 20-m l a liq u o t o f th is  s to ck  so lu tion  is sh aken  w ith  a 2 %  so lu tio n  of su lp h u ric  acid  
(th ree  tim es 10 m l p o rtio n s). T he filte red  acid e x tra c ts  a re  co m b in ed , an d  from  th is  a  20-m l 
a liq u o t is tak e n  an d  m ad e  a lk a lin e  (pj jH) w ith  a so lu tion  o f so d iu m  h ydrox ide. T he a lk a lin e  
m ix tu re  is shaken w ith  ch lo ro fo rm  (4 tim es 5 ml p o rtions). T h e  ch lo ro fo rm  ex tra c ts  a re  f i lte re d  
th ro u g h  an hydrous sod ium  su lp h a te , an d  com bined. T o 10 m l o f  th e  so lu tion  in  ch lo ro fo rm , 
5 m l o f glacial ace tic  acid  is ad d ed , a n d  th is  m ix tu re  is t i t r a te d  w ith  a  0.01 N  so lu tion  o f  p e r 
ch loric  acid  in glacial ace tic  acid  an d  carbon  te trac h lo rid e , in  th e  p resence  of C rysta l V io le t 
in d ic a to r. One m l o f th e  re ag e n t is eq u iv a len t to  3.544 m g a lk a lo id , expressed  as v in cam in e .

I f  th e  q u a n ti ty  o f  th e  a lka lo ids to  be expected  w as less th a n  100 /;g  especially  in  cases 
o f e x tra c tio n s  o f s h o rt d u ra tio n , th e  d e te rm in a tio n s w ere c a rried  o u t  colorim etrica lly  acco rd in g  
to  o u r am p h i-in d ica to r m e th o d  [12]. In  th is  case th e  o rg an ic  so lv e n t e x tra c t  (in benzene o r in 
to lu en e) is shaken  w ith  su lp h u ric  acid  (2%  so lu tion); a m p h i- in d ic a to r  is added  to  a n  a liq u o t 
p o rtio n  of th e  su lp h u ric  acid  so lu tion , an d  th is aqueous ac id ic  m ix tu re  th a t  con ta ins th e  a l
k a lo ids and  th e  in d ic a to r, is e x tra c te d  w ith  chloroform ; f in a lly  th e  se p a ra ted  chloroform  p h a se  
is te s te d  co lorim etrically .

A ccording to  th e  t itr im e tr ic , o r am p h i-in d ica to r m e th o d  desc rib ed  above, th e  o v e ra ll a l
k a lo id  co n te n t o f th e  lea f  m ass u sed  as th e  s ta r tin g  m a te ria l  in  a ll o u r  ex p erim en ts w as d e te r 
m ined  in  rep ea ted  te s ts . T h e  d ev ia tio n  betw een  th e  m ean  v a lu e s  o b ta in e d  b y  t it ra tio n  a n d  co lo 
r im e try  w as less th a n  5 % ; th u s  th e  m ean  of these w as a cc ep te d  as th e  a lka lo id  c o n te n t, e x 
p ressed  as v incam ine . A ccord ing ly ,

=  2250 К
В

Acta Chim. Acad. Sei. Hung. 57y 1968



232 SZÁSZ: MASS TRANSFER COEFFICIENTS

Alkaline digestion without crushing of the solid particles

T h e  decom position  o f th e  n a tu ra l  sa lts  o f th e  alkalo ids, in o rd e r to  o b ta in  th e  bases 
w h ich  are  soluble in  o rgan ic  so lven ts , c an n o t b e  ach ieved  b y  a “ k n ead in g ”  w ith  a lk a li o f th e  
v e g e tab le  substance, because  th is  w ould  fu r th e r  d is in te g ra te  th e  p a rtic les  in  a n  unco n tro llab le  
d eg ree , a n d  so th e  d e te rm in a tio n  o f th e  m ass tra n s fe r  area  w ould becom e im possib le .

T h e  b es t w ay fo u n d  fo r d igestion  w ith o u t m ech an ica l tre a tm e n t is k eep in g  th e  m ass to  be 
e x tr a c te d  in  a closed space sa tu ra te d  w ith  a m m o n ia  a n d  w a te r v ap o u r, fo r a  f ix ed  tim e.

Som e 25%  aqueous am m o n ia  so lu tion  is p laced  in to  th e  lower recep tac le  o f  a  desiccator. 
T h e  w eighed  m ass of th e  solid  to  be  e x tra c te d  is d is tr ib u te d  over th e  g rid  ab o v e  a n d  th e  desic
c a to r  is closed h erm etically

B efore using th is  m e th o d , th e  e ffectiveness o f th e  d igestion b y  w a te r  v a p o u r  sa tu ra te d  
w ith  am m o n ia  h ad  to  be  assessed. T he know ledge o f th e  conditions ap p licab le  to  th e  decom 
p o s itio n  of alkaloid sa lts in  w hole in ta c t  leaves is especially  im p o rta n t. F o r th is  pu rp o se , one 
p a r t  o f  a  m ass o f leaves w as fin e ly  pow dered . T h e  a lk a lo id  c o n te n t o f  a  p o rtio n  o f th is  pow der 
w as d e te rm in ed  in  th e  w ay  described  above. A n o th e r  po rtio n  of th e  w hole leaves w as p laced 
in to  th e  am m onia  a tm o sp h ere . T he a lka lo id  c o n te n t o f  tb is  second p a r t  o f th e  leaves w as d e te r
m in e d  a f te r  exposure to  th e  ac tio n  of th e  am m o n iac a l a tm osphere  fo r 0 .5 , 1.0 a n d  2.0 hrs., 
re sp ec tiv e ly . W ith  a p ow dered  sam ple  th e  e ffec t o f such  a n  am m oniacal t r e a tm e n t  fo r 0.5 to  1.0 
h r . g a v e  tb e  sam e re su lt as th e  k n ead in g  t re a tm e n t.
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W eighed  b a tch es  o f in ta c t,  w hole leaves w ere k e p t  in  am m onia  a tm o sp h ere  fro m  1 to  
10 hrs. I t  w as found  th a t  fu ll d igestion  could be achieved w ith in  5 h rs. even w hen in ta c t  leaves 
w ere t r e a te d  in th is  w ay. A ccordingly , in  every  e x tra c tio n  te s t  th e  alkaline d igestion  o f th e  sam ple  
w as ca rried  o u t b y  k eep ing  i t  fo r 5 h rs. in  w a te r  v a p o u r sa tu ra te d  w ith  am m onia.

Extraction without crushing the solid particles

I n  o rd er to  accelera te  th e  te s ts , an d  to  keep th e  v a lu e  of у  in d ep en d en t of sp a tia l  co
o rd in a te s , th e  m eth o d  of m ix ing  m u st be such  th a t  du ring  th e  p rocess o f e x tra c tio n  no cru sh in g  
o f  th e  p a rtic le s  of given size should  occur ow ing to  m echan ical o r h y d ro d y n am ica l effects. F o r 
th is p u rp o se  an  a p p a ra tu s  w as designed (cf. F ig. 2) w herein  th e  con tinuous exchange o f th e  
cell f lu id  an d  feed flu id  resp ec tiv e ly  th e  con tinuous m ix ing  w as realized  b y  convective  re c ircu la 
tio n , p ro d u ced  by d ifferences o f d en sity  b ro u g h t a b o u t b y  a  th e rm a l g rad ien t.

T h e  p a r ts  o f  th e  a p p a ra tu s  are:
(a ) e x tra c tio n  ch am ber
(b ) convector
(c) e x tra c t d ra in  ta p .
T h e  e x tra c tio n  ch am b er (1) is m ade to  accom m odate  a 35 m m o . d. S o x h le ttu b e . A t to p  

a n d  b o tto m  th e  e x tra c tio n  ch am b er is connected  to  a ja c k e te d  sp ira l tu b e , th e  co n v ec to r (2). 
W a te r a t  a  te m p e ra tu re  h ig h er th a n  a m b ien t is c ircu la ted  in  th e  ja c k e t. T his w a te r  w arm s th e  
so lv en t in  th e  sp ira l tu b e , an d  th is  p a r t  o f th e  so lvent rises an d  flow s in to  th e  e x tra c tio n  c h am 
ber. A t  th e  sam e tim e , n a tu ra lly , fresh  so lven t is sucked in to  th e  sp ira l tu b e  a t  i ts  low er end . 
O f course, enough so lv en t should  be p re sen t in  th e  sy s tem  to  flood  th e  ch am ber above th e  leve l 
w here  th e  u p p e r end o f th e  sp ira l is connected . T hus th e  so lv en t is allow ed to  c ircu la te  free ly  in 
th e  sy s tem , and  th e  lea f  m ass of a  given p a rtic le  size filled  in to  th e  S o xh le t tu b e  in  a  m a tr ix  of 
a n  in d iffe ren t m a te ria l, e.g. glass beads, is ex tra c te d  w ith o u t be ing  d is in teg ra ted .

F o r  each te s t  a 1.5 g p o rtio n  of th e  lea f  m ass w as u sed , w eighed  to  0.01 g accu racy . D i
g estio n  w as ach ieved  b y  keep ing  th is  sam ple  fo r 5 hrs. in  an  a tm o sp h e re  o f w a te r  v a p o u r s a tu 
ra te d  w ith  am m onia. T he d igested  m ass w as tran sfe rred  in to  th e  Soxh le t tu b e , w here i t  w as 
e m b ed d ed  am ong glass beads, so th a t  i ts  p a rtic les w ere free ly  accessible to  th e  c ircu la tin g  
liq u id  ph ase . A fter th e  S o x h le t tu b e  h a d  b een  p laced in to  th e  e x tra c tio n  ch am b er, th e  sy s tem  
w as filled  w ith  th e  sam e a m o u n t o f to lu en e  (200 g) in  each  te s t .  T h e  co nvecto r w as h e a te d  b y  
c irc u la tin g  w a te r  o f 45°, from  a th e rm o s ta t. H eatin g  w as s ta r te d  p rio r to  filling  in  th e  so lv en t, 
in  o rd e r to  s ta r t  convection  in  th e  sam e w ay  in  each te s t  as soon as th e  liq u id  level reach ed  th e  
u p p e r  inflow  a p e rtu re  o f th e  e x tra c tio n  cham ber.

Determination of the mass of the extract (E ) and raffinate (R ), 
and of the concentration of the extracts

I n  th e  case o f each  p a rtic le  size (sam ples No. 0 to  N o. 5) re p ea te d  e x trac tio n  te s ts  w ere 
c a rr ie d  o u t, in  th e  a p p a ra tu s  described  fo r 0.167, 0.5, 1.0 3.0 a n d  5.0 h rs ., u sing  a ir-d ry  b a tc h es  
o f 1.5 g each , p rev iously  exposed to  an  am m onia  a tm o sp h e re  fo r 5 h rs ., w ith  a 200-g p o rtio n  
of to lu en e  as th e  so lven t. A fte r ex tra c tio n , th e  e x tra c t w as d ra in e d  fro m  th e  a p p a ra tu s . O n  th e  
a v erag e , 196 g e x tra c t  (E  =  196) w as recovered .

In  o rder to  de te rm in e  th e  a m o u n t o f ra ff in a te , 1.5 g p o rtio n s  from  th e  a ir-d ry  sam ples 
w ere w eighed to  0.01 g accu racy . T hese  w ere k e p t fo r 5 h rs. in  th e  am m onia  a tm o sp h e re  as 
d escribed  above, p laced  in to  to lu en e  (100 g), and  allow ed to  soak  th e re  for several ho u rs . T he 
solid p a r t  was th e n  collected  on a  f i lte r  o f know n w eigh t, a n d  w eighed  rap id ly . In  th is  w ay  th e  
w e ig h t w as found  of th e  1.5 g b a tch es o f lea f m ass w ith  th e  to lu en e  re ta in e d  in  th em  (cf. 
T ab le  IV).

(The orig inal a ir -d ry  m ate ria l con ta ined  a b o u t 6 to  10%  m o is tu re ; du rin g  ex p o su re  to  
th e  am m o n ia  a tm o sp h e re  th is  increased  b y  3%  only. T h u s, w hen  1.5 g o f a ir-d ry  solid Is ta k e n , 
a b o u t  1.4 g is th e  veg etab le  sub stan ce  M, an d  ab o u t 0.15 g is i ts  m o is tu re  c o n ten t a fte r  tr e a tm e n t.  
A t  37.8°C, to luene d issolves 0 .076%  (w/w) of w a ter; th u s  200 g of to lu en e  is ju s t  enough  to  keep 
th e  ab o v e  a m o u n t o f  w a te r  in  solu tion .)
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Table IV

Tota l weight o f  1.5 g  so lid  matter and the liqu id  phase retained by it (ra ffin a te  R )

P artic le  size W e ig h t o f ra ff in a te  
g

1.00 by  1.00 cm 3.60

4.05

3.82

0.50 by  0.50 cm 3.75

4.00

4.05

0.25 by  0.25 cm 3.90

3.90

Coarse pow der 4.35

4.13

F in e  powder 4.13

Average 3.97 4 =  R

T he p ro b a b le  e rro r of one m easu rem en t is 5 .2%

Note. In  our ca lcu la tio n s th e  te rm  ra ff in a te  R  does n o t m ean  only th e  so-called  “ a rtific ia l 
cell l iq u o r”  (a little  w a te r  a n d  m ain ly  to luene; a b o u t 4.0 —  1.4 =  2.6 g) b u t  th e  su m  R  — 4.0 g 
o f  th e  v egetab le  substance  (M  =  1.4 g) p lus th e  cell liq u o r (S  =  2.6 g) A ccord ing ly , th e  liquid

ra tio  is  defined here, in s te a d  o f th e  usual expression  f  =
_E
IT by /  =

E
S  +  M

th e a p p a re n t

liq u id  ra tio .
T h e  alkaloid co n ce n tra tio n  Mg/ml of th e  e x tra c ts  o b ta in ed  in  th e  w ay  desc rib ed  w as d e te r

m in e d  b y  th e  m ethods d iscussed . In  Table V th e  m ean  v a lu es o f re p ea te d ly  d e te rm in e d  alkalo id  
co n ce n tra tio n s , are su m m arized  w hich  express th e  e x tra c tio n  velocities. (E v e ry  f ig u re  in  th is  
T ab le  is th e  average of f iv e  p a ra lle l  m easu rem en ts; th e  dev ia tio n  of th e se  is + 5 % .)

Table V

E xtraction velocity as a fu n c tio n  o f  the ratio o f  intact to crushed mass transfer areas 
A lk a lo id  co n cen tra tio n  of th e  e x tra c t  in  /tg/m l

P a rtic le  size 0 .167 h r. 0.5 h r. 1 h r. 3 h rs . 5 h rs .

I n t a c t  leaves — — 3.0 8.0 12.0
1.00 by  1.00 cm — 4.0 7.2 11.6 15.4
0.50 b y  0.50 cm - 6.2 11.0 15.6 19.1
0.25 by  0.25 cm 3.6 10.3 13.2 17.3 20.3
C oarse powder 6.4 15.4 18.6 21.4 24.0
F in e  powder 20.3 26.3

1
29.7 34.5 36.0

N ote. No m easurable a m o u n t o f a lkalo ids w as e x tra c te d  du ring  0.167 h rs . fro m  in ta c t  
leav es (1 .00  by  1.00 cm, a n d  0 .50 b y  0.50 cm size paralle lep ipeds), and  d u rin g  0.5 h r. from  
in ta c t  leaves.
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Interpretation o f the experim ental results

M athem atical fo rm u la tio n  o f  the extraction across a g iven  mass transfer
surface area

F ro m  th e  ex p e rim en ts , we have  th e  follow ing v a lu es :

x 0 =  2250 f i g
hg

g  of a ir-d ry  d ru g  j

f = Ä = ™ =  49
R  4

у  =  — =  45 /tg f -------WL--------
/ +  1  I g  o f e x tra c t

W hen , on th e  basis  o f  th e  ex p erim en ta l у  v a lu es  lis ted  in  T able У , th e

values o f th e  te rm  

o b ta in ed .

log Jco ---У

У 00
are  ca lcu la ted , th e  d a ta  show n in T able V I are

Table VI

у  — УT h e  v a lu e s  o f  th e  t e r m ---------------  f o r  so lid s  o f  v a r io u s  p a r t ic le  s iz e
Усс

P a rtic le  size 0.167 h r. 0.5 hr. 1 h r. 3 h rs. 5 hrs.

In ta c t  leaves — — —  0.028 —  0 084 - 0 .1 3 5
1.00 b y  1.00 cm — —  0.040 —  0.075 — 0.120 — 0.180
0.50 by  0.50 cm — — 0.065 — 0.120 — 0.184 — 0.240
0.25 by  0.25 cm —  0.036 —  0.112 —  0.150 —  0.210 - 0 .2 6 0
Coarse pow der —  0.066 —  0.180 —  0.232 —  0.280 —  0.330
F ine  pow der — 0.260 —  0.380 —  0.468 —  0.638 —  0.700

See N ote  to  T ab le  V.

W hen  these  are p lo tte d  as a fu n c tio n  of tim e  (F ig . 3) a s tra ig h t line p re 
sen ts its e lf  on ly  in  th e  case o f  te s t  w ith  in ta c t  w hole leaves.

T he slope m 0 o f th is  line is

t g a 0 =  m 0 =  0.028

T herefo re , in  E q . (5) th e  coeffic ien t o f i is c o n s ta n t a n d  eq u a l to  th e  slope o f 
th e  s tra ig h t l in e :

m 0 =  — А  Ф =  -  0.028
2 -3  /

Acta Chim. Acad. Sei. Hung. 57, 1968



236 SZÁSZ: MASS TRANSFER COEFFICIENTS

w h ere

co n seq u en tly

/ +  1

2 - 3 /
=  0.443,

m 0 =  — А  Ф 0.443 ( 6 )

S ince Ф =  an d  F  =  380 cm2, a n d  R = 4, th e  u n it  m ass tra n s fe r  surface 

a re a  Ф  in  the  case o f in ta c t  leaves is

=  9 5 - ^
4 g

F ro m  E q . (6 ) it follow s th a t

A 0 =  6 . 6 8  • 10 - 4 -----^ -----
cm 2 hour

I n  th is  w ay  the  m ass tr a n s fe r  coefficien t is expressed  n u m erica lly , as a q u a n tity  
o f  a lk a lo id , and  as a fu n c tio n  of tim e  an d  surface area  o f  in ta c t  periw inkle 
le av es .

Relation between the extraction velocity and the ratio o f  intact 
to crushed m ass transfer areas

I n  th e  case o f co m m in u ted  solids th e  m ass tra n sfe r  a rea  F  is th e  sum  of 
th e  in ta c t  surface a rea  a an d  th e  c ru sh ed  surface a rea  r:

F  =  о +  г (7)

F ro m  the  d iag ram  in  F ig . 3 i t  is to  be seen th a t ,  in  th e  course of th e  
e x tra c tio n , a fte r th e  lap se  o f tim e  i, w here zero tim e  is one h o u r , th e  m ass 
t r a n s f e r  coefficient w ill becom e eq u a l to  th a t  found  for in ta c t  leaves (A 0 =  
=  6 . 6 8  • 1 0 “ 4 g/cm 2 h o u r) , because th e  cu rves th a t  re p re se n t th e  e x trac tio n  
v e lo c itie s  will tu rn  a f te r  a ce rta in  tim e  i, ab o u t one h o u r, in to  s tra ig h t lines 
o f  th e  sam e slope th a t  ch a rac te rize s  th e  line o f th e  e x tra c tio n  process of in ta c t 
le a v e s . This ind icates t h a t ,  in  sam ples w hich  also have  c ru sh ed  su rfaces, d iffu
s io n  across these su rfaces is com ple ted  in  th e  in itia l period , a n d  fro m  th e n  on 
e x tra c t io n  proceeds across th e  surface fo rm ed  b y  in ta c t  cells.

T h e  value of slope m in  th e  in te rv a l be tw een  tim e  0 a n d  tim e  i varies 
a c c o rd in g  to  the  p ro p o rtio n  o f th e  c ru sh ed  surface area . T he v a lu es  o f these 
s lopes can  be ca lcu la ted  w ith  th e  help  o f g rap h s in  F ig . 3, from  th e  cu rv a tu res  
t h a t  co rrespond  to  th e  in it ia l  period  o f th e  e x tra c tio n  p rocess (from  d a ta  given
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fo r th a t  period). In  th is  w ay  th e  values show n in T ab le  Y II  are o b ta in e d , 
where

r

Since in  ev e ry  case o f  reg u la r co m m in u tio n  a =  380 cm 2,

r

380 +  r ’

lo l l

Fig. 3. E x tra c t io n  v e loc ities fo r various p a rtic les o f a d ru g  —  0 =  I n ta c t  leaves — 1 =  1.0 b y  
Д.0 cm  —  2 =  0.5 b y  0.5 cm  —  3 =  0.25 b y  0.25 cm  —  4 =  Coarse pow der — 5 =  F in e  p o w d er
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fro m  th is

r
380rx

1 —  rx

S u b s titu tin g  th is  in  E q . (7), th e  m ass tra n s fe r  area  can be w ritte n  as

/ =  380 +
380rx 

1 — rx

a n d  th e  specific m ass tra n s fe r  area  is c a lc u la ted  as follows:

380 +
380rx

1 — r x

4

Table VII

V a r i a t i o n  o f  th e  s lo p e  m  o f  th e  e x t r a c t io n  c u r v e s  a s  a  f u n c t i o n  o f  th e  p r o p o r t i o n  o f  c r u s h e d  m a s s
t r a n s f e r  a r e a

P a r t i c le  s iz e rx
( r a t io  o f  c r u s h e d  a r e a ) S lo p e , m

In ta c t leaves 0 — 0.028 0 to  1 hr.

1.00 by  1.00 cm 0.027 — 0.080 0 to 0.5 hr.

0.50 by  0.50 cm 0.053 — 0.130 0 to  0.5 hr.

0.25 b y  0.25 cm 0.100 — 0.216 0 to  0.167 hr.

Coarse pow der 0.187* — 0.395 0 to  0.167 hr.

F ine pow der 0.780* — 1.560 0 to  0.167 hr.

* T he ra tio s  o f th e  c ru sh ed  m ass tra n s fe r  a rea s  o f th e  coarse an d  fin e  pow ders a re  c a l
c u la te d  va lues (see la te r  on).

F ro m  th is , we get:

Ф =  9 —  (81
1 - r *

O n th e  o th e r h a n d , w hen th e  v a lu e s  of T able V II , i.e. th e  slopes o f 
th e  e x tra c tio n  curves, a re  p lo tte d  as a fu n c tio n  of th e  ra tio s  o f c ru sh ed  m ass  
tr a n s fe r  a rea , th e  s tra ig h t  line show n in  F ig . 4 will re su lt,
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Fig. 4. Slopes o f th e  e x trac tio n  ve loc ity  cu rves as a  fu n c tio n  of th e  ra tio  o f c rushed  su rface  a re a

of w hich  th e  e q u a tio n  will be:

m =  1 .96rx — 0.028 (9)

w herefrom

rx =  - 0 .5 1  m  -  1.43 • 1 0 ~ 2 (10)

In  th is  m an n e r th e  p ro p o rtio n  o f th e  crushed  m ass tra n s fe r  area  is c o rre la ted  
to  th e  slope o f th e  ex trac tio n  curve. On th is  basis — using  th e  slopes ca lc u la ted  
from  curves t h a t  characterize  th e  e x tra c tio n  of b o th  coarse  an d  fine ir re g u la r  
p a rtic le s  o b ta in e d  b y  m illing — we f in d  th a t  18.7%  o f th e  m ass tra n s fe r  a re a  
o f o u r coarse sam ple , an d  78.0%  of t h a t  o f our fine sam ple , consists o f c ru sh ed  
cells.

Calculation o f  the mass transfer coefficient fo r  com m inuted solid matter

H av in g  fo u n d  a co rre la tion  b e tw een  th e  p ro p o rtio n  o f th e  c ru sh ed  m ass 
tra n s fe r  a rea  rx o f ou r co m m inu ted  solid  sam ples an d  th e  e x tra c tio n  v e lo c ity  m , 
on th e  basis of E q . (6 ) an d  E q . (8 ) we can  w rite :

m =  — A
95

1  — rX
0.443 ( H )
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On th e  o th e r h a n d , from  E q. (10) a n d  E q . (11) i t  follows th a t

, 95 0.433
m  =  — A ------------------------------------------

1 — ( - 0.51m — 1.43- lO“ 2)
a n d  th e n

A  =  (1.215 m2 +  2.41 m )10 - 2 (12)

F ro m  E q . (12), an d  u s in g  th e  slopes, m , c a lc u la ted  from  th e  g raphs in F ig . 3, 
th e  m ass tran sfe r co effic ien t A  can be c a lc u la te d  fo r a solid m ade up  o f pa rtic le s  
o f g iven  size d is tr ib u tio n .

W hen th is  c a lc u la tio n  is m ade acco rd in g  to  E q . (12), th e  values lis ted  in  
T ab le  V I I I  resu lt fo r a ll th e  sam ples we h a v e  te s ted .

Table VIII

M ass tra n sfer  coefficient o f  solids o f  various particle sizes

P a r t i c le  s ize
C ru sh ed  
su rfa c e  
a r e a , %

S lo p e  o f  t h e  c u r v e

log
У CO

( b e tw e e n  0  a n d  1 h r .)

M a ss  t r a n s f e r  c o e ff ic ie n t  
g

c m 2 • h r .

In ta c t leaves 0 m0 =  — 0.028 A 0 =  6.65 • 10~4

1.00 by 1.00 cm 2.7 m l =  — 0.081 1 ОЭ ■ 10“ 4

0.50 by 0.50 cm 5.3 m, =  — 0.129 A 2 =  29.1 1ОrH

0.25 by  0.25 cm 10.0 m3 =  — 0.224 A 3 =  41.9

**1О

Coarse pow der 18.7 m4 =  — 0.395 A 4 =  76.1 • 1 0 - 4

Fine pow der 78.0 m5 *  — 1.560 A 5 =  80.4 • 1 0 - 4

SUM M ARY

A n ex p erim en tal m e th o d  has been devised fo r th e  m easu rem en t o f th e  diffusion of th e  
ac tiv e  princip le  (the a lk a lo id s) o f periw inkle ( V inca m inor  L.) leaves w hen  ex trac ted  w ith  
to lu en e . In  th e  course o f th ese  ex p erim en ts com m in u tio n  w as carried  o u t so  t h a t  in ta c t (n a tu ra l)  
a n d  c ru sh ed  m ass tra n s fe r  a re a s  resu lted  in  a k n o w n  ra tio . In  th is  w a y  th e  m ass tran s fe r  
coefficien ts b o th  for in h ib ite d  a n d  un inh ib ited  d iffu sio n  hav e  been  d e te rm in e d . I t  has been 
fo u n d  t h a t  th e re  is a  d iffe ren ce  of an  order o f m ag n itu d e  betw een  th e  v e lo c itie s  of these tw o 
ty p e s  o f diffusion. T his d iffe ren ce  is also show n in  th e  tim e  graphs p lo t te d  on th e  basis o f  
F i c k ’ s  F ir s t  Law . F u rth e r , i t  h a s  been found th a t  in  th e  e x tra c tio n  of so lid  pa rtic les , where th e  
m ass tra n s fe r  a rea  also in c lu d e s  crushed surfaces, u n in h ib ite d  diffusion  is com plete  w ith in  a 
specified  tim e , and  th en  th e  e x tra c tio n  velocity  is d e te rm in e d  b y  in h ib ite d  diffusion across 
surfaces com posed of in ta c t  cells. F rom  the  c o rre la tio n  be tw een  th e  e x tra c t io n  ve loc ity  an d  
th e  ra tio  o f  in ta c t to  c ru sh ed  m ass tran sfer areas, i t  is possib le to  c a lc u la te  th is  ra tio , an d  th e  
m ass tra n s fe r  coefficient, fo r  irregu larly  co m m in u ted  p a rtic le s , e.g. fo r such  ob ta in ed  by  
m illing .

K á lm á n  S z á s z ; B u d a p e s t X ., Gyöm rői ú t  19/21.
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РЕЗЮМЕ

Функция потенциальной энергии для двухатомных молекул
(Гидридные и галоидные соединения элементов групп 1а и Па.)

Ш . С Ё К Е  и Э. Б А Й Т Ц

Для молекул щелочных и щелочноземельных металлов были определены значе
ния величин d = k ere( e l e2D e) 1' 1 применяемых в расчетах потенциальной энергии. Были 
определены и значения а  и а б  параметров Леннард-Джонса, которые в пределах средних 
отклонений 4,6 и 3,9% можно считать постоянными в отдельных типах связи. Было 
доказано то предположение, что параметр б  является постоянным независимо от типа 
связи. Проводилось сравнение между функциями потенциальной энергии с различными 
основными принципами и было установлено, что выражения типа Липпинкотта приводят 
к результатам удовлетворительной точности и в ионной области.

Параметрическое построение матрицы F силовых постоянных, VI.
Свойства общей матрицы силовых постоянных молекул 

одинаковой симметрии с различными изотопными заместителями

Ф .Т Ё Р Ё К

Доказывается, что те F матрицы, которые одновременно удовлетворяют двум 
вековым уравнениям n-измерений для молекул одинаковой симметрии с изотопными 
заместителями, являются функциями С1-1) числа параметров. Приводится система 
уравнений для определения независимо изменяющихся параметров. Приводимая зависи
мость позволяет рассчитать общие F матрицы, относящиеся к систематически изменяемым 
величинам независимо изменяющихся параметров, а также определить крайние значения 
элементов общих F матриц.

Обсуждение процессов электронного возбуждения и характера связей 
в комплексах металлов с электронной структурой 3d" с помощью метода

лигандного поля, III.
Моноацидо-, транс-диацидо- и цис-диацидо-комплексы кобальта (III)

и хрома(Ш)
М. Б А Н  и Й . ЧА С А Р

Авторами описывается метод расчета параметров лигандног о поля, связанных с 
процессами электронного возбуждения и с электронными спектрами поглощения, для 
моноацидо-пентамин-, транс- и цис-диацидо-тетрамин-комплексов Со3+ и Сг3+. На основе 
вычисленных значений D g ,B ,ß ,ö  % делаются заключения о характере связей в молекуле 
комплекса.



Исследование кето-энольной таутомерии о-гидрокси-дибензоилметанов 
с помощью метода ЯМР

X . В А Г Н Е Р , О. З Е Л И Г М А Н Н , Л . Х Ё Р Х А М М Е Р , М. Н О Г Р А Д И , Л .  Ф А РК А Ш ,
Й. Ш Т Р Е Л И С К И Й  и  Б . В ЕРМ ЕШ

Кето-энольная таутомерия о-гидрокси-дибензоил-метанов изучалась с помощью 
ЯМР, ИК- и УФ-спектроскопии. В растворе они присутствуют в виде равновесной смеси 
кетонных и энольных таутомеров. Существование таутомера типа 2-гидрокси-флавона не 
удалось обнаружить.

1,5-Дикетоны, IV. Получение новых ангидро-оснований изобензпирилия
М . Л Е М П Е Р Т -Ш Р Е Т Е Р  и  М. Б А Р Д И

Было доказано таутомерное строение ранее полученного ангидро-основания изо
бензпирилия, а именно о(6)-ангидро-1(3-метокси-4-гидроксифенил)-4-метил-4-этил-6,7- 
дигидрокси-изобензпирилиюм гидроксида (Па). Соединение (Па) этилировалось до ангид- 
ро-1-(3-метокси-4-этоксифенил)-3-метил-4-этил-6-гидрокси-7-этокси-изобензпирилиюм гид
роксида (Villa). Подобно Па был получен о(6)-ангидро-1-(4-метоксифенил-3-метил-4- 
этил-6,7-дигидрокси-изобензпирилиюм гидроксида (Пс), строение которого подтвержда
лось химическими и спекстроскопическими методами. С помощью острожной нейтрализа
ции изобензпирилиевой соли, содержащей свободный фенольный гидроксил в положении 
6 (П1е), был получен о(6)-ангидро-1-(3-метокси-4-гидроксифенил)-3-метил-4-этил-6-гид- 
рокси-7-метокси-Ш-изобензпирилиюм гидроксида (VII 1с). Изобензпирилиевые ангидро- 
основнаяи Vil la и VI11с — в противоположность их аналогам Па и Пс — претерпевают 
глубокие изменения с размыканием гетероцикла под действием щелочи.

1,2,4-Триазины и их конденсированные производные, VI.
Синтез 6-метил-7Н-тиазоло[3,2-в] [1,2,4]гриазин-3(2Н), 7-диона 

и 2-метил-6-,7-дигидро-ЗН,8Н-[1,3]тиазинс[3,2-в]-[1,2,4]гриазин-3,8-диона
Г. Д О Л Е Ш А Л , Д Ь . Х О Р Н Я К , Л . Л А Н Г , К . Л Е М П Е Р Т  и  К . ЗА У Э Р

С помощью замыкания кольца были получены 6-метил-7Н-тиазоло[3,2-Ь] [1,2,4 
триазин-3(2Н),7-дион (5) и 2-метил-6,7-дигидро-ЗН,8Н-[1,3]тиазино[3,2-Ь] [1,2,4]-триазин- 
3,8-дион (8) из 3-(карбоксиметил-тио)-6-метил- и 3-(2-карбоксиэтил-тио)-6-метил-1,2,4- 
триазин-5(2Н)-онов (4а и d). Строение полученных соединений подтверждалось на основе 
их ультрафиолетовых и инфракрасных спектров.

Соединение 5 было получено также с помощью замыкания кольца из 2-имино-З- 
(1-карбоксиэтилиден-амино)-4-тиазолидинона (14с). В связи с этим вновь исследовалось 
строение соединений, получаемых в реакции тиосемикарбазонов с производными гало
геноуксусной кислоты или с ангидридом малеиновой кислоты. Полагалось, что в этих 
реакциях образуются не соединения типа 2,4-тиазолидин-дион-2-гидразона (15), но произ 
водные 2-имино-3-амино-4-тиазолидинона (14).

Система связей N-ацил-сульфилиминов, VI.
Эффект сопряжения S-метил-М-п-толилсульфонил-сульфилиминовой группы

А. К У Ч М А Н , Ф . РУ Ф Ф , Ш. Ш ОЙОМ  и T . С И РТ Е Ш

Были определены диссоциационные экспоненты нескольких соединений типа 
XCcH4S(CH3)NTs (где X =  л-СООН, ж-СООН, л-ОН, ж-ОН) и на основе этого также 
Гаммета конста нты а  группы CH3SIVNTs. Полученные значения (он =  +0,70, ам  =  +  0,65, 
бп +  1,00, буй +  0,80) показывают, что группа CH3SIVNTs является сильным акцеп
тором, и что по ее поведению она стоит ближе к группе CH3S 02, чем к группе CH3SO. 
Это, вероятно, связано с относительно сильной положительной поляризованностыо атома 
серы SIV в сульфилиминовой группе.



Бензазепины, III. Получение 1Н,-2,3-дигидро-6,7-бензо-[1>5] диазепинов 
и восстановление их до 1 Н,-2 ,3 >4 ,5 -тетрагидро-6 ,7 -бензо-[1 ,5 ] диазепинов

К . Х И Д Е Г  и  О. X . Х А Н К О В С К И Й

Уже описанный нами ранее метод получения бензтиазепинов распространялся для 
получения бенздиазепинов. о-Фенилендиамин и его производные, замещенные в ядре, 
подвергались взаимодействию с солями /S-амино-кетонов; при выделении аминовой соли 
и воды образуются 1Н,-2,3-дигидро-6,7-бензо-[1,5]-диазепины. Группа С =  N в поло
жении 4,5 восстанавливалась с помощью NaBH4, в результате чего с хорошим выходом 
получали 1Н,-2,3,4,5-тетрагидро-6,7-бензо-[1,5]-диазепины.

Бензазолы, VI. Алкилирование по кислороду 
2-(гидроксифенил)- и 2-(гидроксибензил) бензазолов

О. X . Х А Н К О В С К И Й  и к. Х И Д Е Г

Алкилирование по кислороду 2-(гидроксифенил)- и 2-(гидроксибензил) бензазолов 
(бензимидазола, бензоксазола, бензтиазола) происходит с хорошим выходом под действием 
галогенированных алкиламинов и ацетамидов. В случае производных бензимидазола 
селективно алкилируется только фенольный гидроксил. Соединения обладают, в тера- 
пийной степени, расширяющим влиянием на венечную артерию.

Определение коэффициента передачи вещества в экстракции 
лекарственных растений органическими растворителями

К . САС

Был разработан экспериментальный метод измерения диффузии активного вещества 
при толуольной экстракции алкалоидов из растения «Vinca minor L.». Применялось такое 
правильное измельчение, чтобы образовывалось известное отношение невредимой (естест
венной) к разрушенной поверхности передачи вещества. На основе этого определялся 
коэффициент передачи вещества при затрудненной и свободной диффузии. Было установ
лено, что скорости этих двух диффузий различаются по порядку, что проявляется и на 
диаграммах по времени, построенных на основе интерпретации процесса по Пому закону 
Фика. Также было установлено, что при экстракции материала, обладающего и разру
шенной поверхностью, свободная диффузия через некоторое время прекращается, и по 
истечении этого периода скорость экстракции определяется скоростью диффузии, проис
ходящей через поверхность невредимых клеток.

На основе зависимости скорости экстракции от отношения невредимой к разру
шенной поверхности, последняя величина и коэффициент передачи вещества могут быть 
рассчитаны и для твердых материалов с неровным размельчением — например, для произ
водственного помола.
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MECHANISM OF ADSORPTION INDICATION, III
4-(4’-N IT R O P H E N Y L A Z O )-l-N A P H T H O L , A N E W  A D S O R P T IO N  IN D IC A T O R

L. LÉGRÁDI

(N itro ké m ia  Industria l P lants, Fűzfőgyártelep)

R eceived M ay 19, 1967

In  prev ious com m u n ica tio n s we described  a n itro n  ty p e  adso rp tio n  in d i
ca to r p rep a red  b y  th e  d iazo tiza tio n  o f j> -nitroaniline a n d  su b seq u en t coupling 
w ith  a -n a p h th y la m in e  [1 ], an d  also an  am p h o te ric  ad so rp tio n  in d ica to r [2 ] 
m ade b y  th e  in tro d u c tio n  o f  an ad d itio n a l basic s u b s ti tu e n t. T he p resen t p ap e r 
describes an  a d so rp tio n  in d ic a to r  in  w hich th e  basic  am ino  group is ab sen t, 
its place being  ta k e n  b y  a phenolic h y d ro x y l g roup  o f acid  ch a rac te r. T he 
in d ica to r has been p re p a re d  by  th e  d iazo tiza tio n  o f p -n itro an ilin e  and  su b se 
q u en t coupling  w ith  a -n a p h th o l:

This com pound  has b e e n  found  su itab le  for in d ica tin g  th e  end -po in t in all 
a rg en to m etric  t i t r a t io n s ,  so it  m a y  be  reg a rd ed  as u n iv e rsa l a rg en to m etric  
in d ica to r.

Experimental

4-(4’-N itro p h en y Ia zo )-l-n ap h th o l is a n  in d ic a to r ac id ; its  ac id  colour is yellow , i ts  
basic colour v io le t. T he co lo u r change occurs in  th e  p H  ran g e  9.10— 10.2, w ith  p (- =  9.6. 
Fig. 1 show s th e  ad so rp tio n  sp e c tru m  of th e  in d ica to r. T h is in d ic a to r  w as used  in a rg en to m e tric  
t i tra tio n s , an d  th e  re su lts  a re  show n in  T ab le  I. T he d a ta  re p re se n t th e  m eans of th ree  m ea 
su rem en ts. T h e  ti t r a tio n s  w ere  m ade  w ith  so lu tions o f 50 m l in it ia l  vo lum e to  w hich 0.3 m l 
of a  0 .2%  alcoholic so lu tio n  of th e  in d ic a to r h ad  been  ad d ed . T he so lu tion  was a d ju s te d  to  
p H  8— 9, as m ore a lk a lin e  p H  v alues re su lt in  h igher th a n  th e  co rrec t consum ption  o f th e  
t i t r a n t .  R ev ersed  t i t r a t io n  ( th e  t i t r a tio n  of silver ion w ith  a  h a lide  ion) m ay  also be  c a rried  
ou t, b u t  in  th is  case th e  a lk a li should  be  ad d ed  to  th e  so lu tio n  n e a r  th e  end of th e  t i t r a tio n . 
T he re la tiv e  e rro r in th e  t i t r a t io n  of an ions w ith  0.1 N  A g N 0 3 is + 0 .1 2 % .
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nm

F ig. 1. A bso rp tio n  sp e c tru m  of 4-(4’-n itro p h e n y laz o )-l-n a p h th o l in  w a te r

T able  I

T itra tion  o f  anions with silver nitrate in  the presence o f  4 — (4 ’>-nitrophenylazo)-l-naphthol indicator

AgNO, Difference

Ion
AgNO,

standard
solution

Medium Colour change
used, ml 
Potentio
metrie 

titration

With
indicator ml %

C hloride 0.1 N 1 drop  
0.1 IV N aO H

vio le t-g rey  to  blue 5.06 5.09 0.03 0.6

B rom ide 0.01 N 2 drops 
0.1 IV N aO H

v io le t-red  to  blue 10.20 10.20 0.00 0.0

Iod ide 0.01 IV 2 drops 
0.1 IV N aO H

orange to
greenish-blue 10.24 10.27 0.03 0.3

T h io c y an a te 0.01 N 2 drops 
0.1 IV N aO H

vio le t-red  to  
blue 9.92 10.00 0.08 0.8

C yanide 0.1 N 2 drops 
0.1 N  N aO H

viole t to  vio let- 
blue 4.92 4.94 0.02 0.4
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The m echanism  o f indication

T h e  in v es tig a tio n  of th e  ad so rp tio n  in d ic a tio n  m echanism  of 4-(4’-n itro p h cn y Iazo )-l-  
n a p h th o l  re p re se n ted  an  exam ple  w hen th e  azo -dye  con ta in ed  n itro  a n d  pheno lic  h y d ro x y l 
g ro u p s on ly . In  o rd e r to  lea rn  m ore a b o u t th e  m echanism , th e  p H  w as m easu red  d u rin g  
t i t r a t io n ,  a n d  th e  changes in  th e  d issoc iation  c o n s ta n t o f  th e  dye a d so rb a te  u n d e r  th e  in f lu 
ence o f an  excess o f i ts  ow n ions w ere assessed.

1. pH changes during titration

T o 5 m l o f a  0.1 N  an ion  so lu tion , 45 m l o f  w a te r , one drop  (o r in  th e  case o f  iodide 
io n  tw o  d rops) o f 0.1 N  N aO H  so lu tion , an d  0.3 m l o f  a 0 .2%  alcoholic so lu tio n  of th e  in d ic a to r 
w ere a d d ed . T h e  so lu tion  w as t i t r a te d  w ith  0.1 N  A g N 0 3. T he p H  o f th e  so lu tio n  w as con
t in u o u s ly  m easu red  using  glass an d  calom el e lectrodes. A t th e  p o in t o f equ iva lence  th e  p H  
decreased  b y  0.2— 0.5. T his change, w hich  in d ic a te s  th e  loss o f a p ro to n  d u e  to  th e  p resence  
o f  excess silver ions, is sim ilar to  th e  change obse rv ed  w ith  basic dyes.

Table II

D ye adsorbate as an acid-base indicator adsorptive: 4 — (4 ,-nitrophenylazo)-l-naphthol

Adsorbent Excess of own 
ion, equ.

pH Range of 
colour change

Dissociation
constant,

К
Colour change

Silver chloride 50%  Ag + 6.4—  8.0 6.31 • 10“ 8 orange to  blu ish-grey
10% Ag + 7.0—  8.6 1.59 • 10“ 8 orange to  vio let-b lue
equ. p o in t 8.2— 10.4 5.01 ■ 10“ 10 orange to  vio let-b lue

10%  Cl- 8.6— 10.8 2.00 • 10“ 10 orange to  blue

50%  Cl- 8.8— 10.8 1.59 • 10“ 10 orange to  blue

Silver brom ide 50%  Ag + 5.5— 7.7 2.51 • 10“ 7 orange to  greyish-blue

10%  Ag + 6.0— 7.6 1.59 ■ 10“ 7 orange to  greyish-blue
equ. p o in t 6.8—  9.4 7.94 • 10“ 9 orange to  greyish-blue

10%  B r- 8.8— 10.2 3.16 ■ 10“ 10 orange to  vio let-b lue

50%  B r- 9.2— 10.8 1.00 ■ 10“ 10 orange to  vio let-b lue

S ilver iodide 50%  Ag + 6 .2 -  8.2 6.31 • 10“ 8 orange to  greenish-blue
10%  Ag + 6.9—  8.7 1.59 • 10“ 8 orange to  greenish-blue
equ. p o in t 9.0— 10.5 2.00 • 10“ 10 orange to  green

10%  I - 9.5— 11.1 5.01 • 1 0 "11 orange to  b lu ish-grey

50%  I - 9.8— 11.4 2.51 • 10“ 11 orange to  blu ish-grey

Silver th io cy an a te 50%  Ag + 7.0—  8.6 1.59 ■ 10“ 8 orange to  b luish-grey

10% Ag + 8.4—  9.6 1.00 • 10“ 9 orange to  blu ish-grey

equ. p o in t 9.9— 11.1 3.16 • 10“ 11 orange to  blu ish-grey

10%  C SN - 11.0— 12.6 1.59 • 10“ 12 orange to  v io le t

50%  C S N ' 11.6— 12.8 6.31 • 10“ 13 orange to  v io le t

Silver cyan ide 50%  Ag + 8.0—  9.2 2.51 • 10“ 9 orange to  v io le t

10%  Ag + 8.1—  9.9 1.00 • 10“ 9 orange to  violet-blue

equ. p o in t 8 .8— 10.2 3.16 • 10“ 10 orange to  v io le t

10%  C N - 9.0— 10.8 1.26 • 10“ 10 orange to  v io le t-b lue
50%  CN“ 9.4— 10.8 7.94 ■ 10“ 11 orange to  v io le t-b lue
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2. Determination of the change of the dissociation constant of dye adsorbates

T he m easu rem en ts  w ere carried  o u t acco rd in g  to  th e  m e th o d  described in o u r p rev ious 
p a p e r [1], and  th e  e x p e rim e n ta l resu lts are su m m ed  up  in T ab le  I I .  T hese  in d ica te  an  increase  in 
th e  d issociation  c o n s ta n t  o f th e  dye ad so rb a te  in  th e  presence o f c a tio n  excess an d  a  decrease 
in  th e  presence of an io n  excess, w ith  a  ju m p  in  th e  values a t  th e  p o in t o f equ ivalence. T his 
b eh av io u r is c h a ra c te ris tic  o f all p rec ip ita te  in d ic a to rs  w hich  fu n c tio n  on th e  acid-base  p rin 
ciple [3]. T he colour ch an g e  occurs on p re c ip ita te s  w hich  c a rry  no charge  only in ra th e r  a lka line  
m ed iu m ; th is  n ecess ita te s  a d ju s tm e n t o f  an  a lk a lin e  p H  before  t i t r a tio n .

Discussion

T he m ech an ism  o f th e  ad so rp tio n  in d ica tio n  o f 4-(4’-n itro p h en y lazo )-l-  
-n a p h th o l w ill be  i l lu s tra te d  here  u sing  th e  iodide ion as an  exam ple. In  th e  
ran g e  of th e  co lour ch an g e , th e  so lu tion  co n ta in s b o th  und issoc ia ted  an d  disso
c ia ted  m olecules:

On th e  a d d itio n  o f  silver n i tr a te  to  th e  iodide ion , silver iodide p rec ip i
ta te s ,  an d  in th e  p resen ce  of an excess o f iodide ions th e  p re c ip ita te  will adsorb  
th e  und isso c ia ted  in d ic a to r , while in  th e  presence o f excess silver ion th e  a d 
so rb ed  in d ica to r w ill lose a p ro ton  u n d e r  th e  ac tion  o f  th e  positively  charged  
p re c ip ita te . This p ro to n  loss was ex p e rim en ta lly  d e m o n s tra ted . T he process 
is th e  follow ing:

T h e  colour w hich h as  tu rn e d  b lu ish-green  in  th e  presence  of silver n i tra te , 
tu rn s  again  o range w h en  p o tassium  iod ide  is added . As th e  m edium  is a lkaline  
th is  la s t change is p ro b a b ly  accom pan ied  b y  a p o ta ss iu m  ion u p ta k e :
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W hen th e  iod ide  ion is t i t ra te d  in  a s tro n g ly  a lkaline  m edium  (a t a b o u t 
p H  10), th e  in d ica to r  is com pletely  d isso c ia ted  in  th e  so lu tion . This dye an ion  
is n o t adso rbed  b y  th e  negative ly  c h a rg ed  p re c ip ita te , an d  ad so rp tio n  w ill 
ta k e  p lace on ly  on th e  add ition  o f th e  f ir s t  d ro p  o f excess silver ion. P ro to n  
loss is n o t involved  in  th e  adsorp tion  process as th e  dye has a lread y  lo s t a 
p ro to n  w hile in so lu tio n . The colour ch an g e  is due to  th e  ad so rp tio n  o f th e  
v io le t dye  an ion  on th e  positively  c h a rg ed  yellow  silver iod ide p re c ip ita te , 
giving b lu ish -g reen  n itro n ic  acid, or to  th e  fo rm a tio n  of th e  silver sa lt o f th is  
acid.

SU M M A RY

A u n iv ersa l a rg en to m e tric  in d ica to r, 4-(4’-n itro p h e n y laz o )- l-n a p h th o l, is described  
w hich  is su itab le  for th e  t i t r a t io n  of chloride, b ro m id e , iod ide, th io c y a n a te  an d  cyan ide ions. 
T itra tio n  should  be c a rried  o u t  a t  pH  9— 10. T h e  in d ic a to r  fu n c tio n s on  th e  acid-base p rin c ip le , 
as show n b y  th e  changes o f th e  d issociation c o n s ta n t  o f th e  dye ad so rb a te  in  th e  p resence of 
an  excess o f i ts  own ion s. T h e  m echanism  o f in d ic a tio n  is d iscussed  in  deta il.
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MECHANISM OF ADSORPTION INDICATION, IV
C O M B IN A T IO N  O F  T H E  F A JA N S IN D IC A T IO N  W IT H  T H E  A C ID -B A S E

P R IN C IP L E

L. LÉGRÁDI
( N itrokém ia Industria l P lan ts, F űzfőgyártelep)

R eceived J u n e  19, 1967

In  ou r p rev io u s com m unication  [1] w as described  an  adso rp tio n  in d ic a to r , 
useful fo r a rg e n to m e tric  titra tio n s , w hich  w as o b ta in e d  b y  th e  d iazo tiza tion  
o f p -n itro an ilin e  a n d  su b seq u en t coupling w ith  a -n a p h th o l. In  th is p ap e r a re  
rep o rted  on a d so rp tio n  ind ica to rs w hich co n ta in  a su lphon ic  acid  group in  a d d i
tio n  to  th e  n itro  a n d  phenolic h y d ro x y l groups. Ortho-, meta-, an d  p a ra -n itro -  
an iline, an d  2, 4- a n d  3, 5 -d in itroan iline  w ere d iazo tized  an d  coupled w ith
l-n ap h th o l-4 -su lp h o n ic  acid  to  o b ta in  th e  follow ing in d ica to rs :

I
S 0 3H

2-(2’-n itro p h en y lazo )-l-n ap h th o l-4 -su l- 
p h o n ic  acid

o 2n

S 0 30 H

2-(3’-n itro p h eny lazo )-l-naph thoI-4 -su I- 
p h o n ic  acid

--(4 ’-n itro p h en y lazo )-l-n ap h th o l-4 -su l- 
p h o n ic  acid

N O ,
/

S 0 3H

2-(2%4’-d in itro p h en y lazo )-l-n ap h th o l- 
-4 -su lphon ic  acid

S 0 3H

2-(3’,5’-d in itro p h en y lazo )-l-n ap h th o l- 
-4-sulphonic acid
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nm

Fig. 1. A b s o r p t i o n  s p e c t r u m  o f  2 - ( 2 ’- n i t r o p h e n y l a z o ) - l - n a p h t h o l - 4 - s u l p h o m c  a c i d  i n  w a t e r

nm

Fig. 2. A b s o r p t i o n  s p e c t r u m  o f  2 - ( 3 ’- n i t r o p h e n y l a z o ) - l - n a p h t h o l - 4 - s u l p h o n i c  a c i d  i n  w a t e r
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Experim ental

Figs 1— 3 show  th e  abso rp tio n  sp e c tra  o f co m pounds 1, 2 a n d  3. I t  appears t h a t  o n ly  
co m p o u n d  3 h as an  ac id -b ase  in d ica to r c h a ra c te r , i ts  colour in th e  acid ic  form  being o ran g e  
an d  in  th e  a lkaline  fo rm  v io le t. The colour ch an g e  occurs in  th e  p H  ra n g e  6.8— 8.4, w ith  p,- =  
=  7.6. C om pounds 4 a n d  5 are  also acid-base  in d ic a to rs ;  th e ir  p ro p e rtie s  have  a lread y  b een  
re p o rte d  [2].

T able  I  show s th e  u se  o f th e  com pounds in  a rg en to m e tric  t i t r a tio n s .  The m easu rem en ts  
w ere carried  o u t by  a d d in g  1 d rop  of a 2 JV N aO H  so lu tio n  to  50 ml o f th e  so lu tion  to  be t i t r a te d .  
T he h ig h est accu racy  w as ach ieved  by  t i t r a t io n s  in  th e  presence of co m pound  3; th e  re su lts  
a re  g iven  in  T able  I I .  T h e  v a lu es rep re sen t th e  m ean s of th ree  m easu rem en ts . The p e rcen tag e  
re la tiv e  erro r is + 0 .1 3 % . T h e  in d ica to r w as d isso lved  in  60%  alcohol a n d  for each t i t r a t io n  
0.5 m l o f th e  0 .1%  so lu tio n  was used. T he so lu tio n  should  n o t be s tro n g ly  a lkaline, o r th e  
t i t r a t io n  re su lts  will be  to o  high . F o r each  t i t r a t io n  50 m l of th e  in it ia l  solution w as u sed . 
Io d id e  ion alone cou ld  be  t i t r a te d  w ith  0.01 N  A g N 0 3. W hen  A g N 0 3 is t it ra te d  w ith  K I ,  
th e  colour change is less p ron o u n ced  th a n  in  th e  t i t r a t io n  of th e  an io n .

nm

Fig. 3. A bsorp tion  sp e c tru m  of 2-(4’-n itro p h e n y laz o )-l-n a p h th o l-4 -su lp h o n ic  acid in  w a te r

The m echanism  o f indication

T he m echanism  o f th e  ad so rp tion  in d ic a tio n  o f azo dyes co n ta in in g  phenolic h y d ro x y l 
an d  sulphonic acid g ro u p s in  ad d itio n  to  th e  n i tro  g ro u p , was s tu d ied  ta k in g  2-(4’-n itro p h en y l- 
azo )-l-n ap h th o I-4 -su lp h o n ic  acid  as th e  ex am p le . T o c larify  th e  m echan ism , the  follow ing 
p h y sica l m easu rem en ts w ere  carried  o u t: ( 1 )  m easu rem en t of th e  p H  of th e  solution d u rin g  
t i t r a t io n ;  (2 )  d e te rm in a tio n  of th e  changes in th e  d issociation  c o n s ta n t  o f the  dye a d so r
b a te  d u e  to  an  excess o f  its  own ions; a n d  (3 )  ad so rp tio n  m easu rem en ts .
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Table I

Use o f  indicators in  argentometric titrations

I n d i 
c a t o r

I o n
t i t r a t e d M e d iu m C o lo u r  c h a n g e N o te

l . J - a lkaline yellow  to  greenish- poor change of
yellow colour

l . CSN- alkaline orange to  grey

2. Cl- n e u tra l yellow  to  red
2. B r“ n e u tra l  and  alkaline yellow  to violet
2. I - n e u tra l yellow  to  pink
2. CSN" n e u tra l  an d  alkaline yellow  to  p ink or

v io le t
2. C N - N aC N  w ith o u t

ad d itio n a l alkali orange to red

4. c i- alkaline blue to  grey . poor change of
4. B r- alkaline blue to  grey colour
4. I - alkaline green to  greenish-

yellow
4. CN- JNaCIN w ith o u t

ad d itio n a l alkali red  to  blue

5. Cl- n e u tra l yellow  to  pale v io le t poor change of
5. Cl- alkaline red  to  grey colour
5. B r- n e u tra l yellow  to v iolet-grey
5. B r- alkaline orange to grey;
5. I - alkaline yellow  to  green
5. CSN- n e u tra l yellow  to  orange

Table II

Titra tion  o f  anions w ith silver nitrate in the presence o f  
2 - f4 ,-nitrophenylazo)-l-naphthol-4-sulphonic acid

A g N 0 3 u s e d ,  m l  
w i t h

P o te n t io m e t r i e  
in d ic a to r  t i t r .

D i f fe r e n c e ,

I o n
A g N O ,

t i t r a t in g
s o lu tio n

M e d iu m C o lo u r  c h a n g e  •
m l %

C yanide 0.1 N N aC N  solution red  to  v io le t 4.00 4.03 0.03 0.75

Iod id e 0.1 N n e u tra l yellow  to  p ink 5.16 5.16 0.00 0.00

Iod ide 0.01 N 1 drop  1 N  
N aO H

red  to  greyish- 
green 10.32 10.37 0.05 0.50

B rom ide 0.1 N n eu tra l o range  to  violet 5.10 5.11 0.01 0.20

B rom ide 0.1 N 1 drop  1 N  
N aO H

red  to  bluish-
grey 5.10 5.10 0.00 0.00

T h io c y an a te 0.1 N n eu tra l orange to  pink 5.16 5.18 0.02 0.40

T h io c y an a te 0.1 N 1 d rop  0.5 N  
N aO H

red  to  violet-blue 5.16 5.16 0.00 0.00

C hloride 0.1 N n e u tra l yellow  to  red 4.90 4.93 0.03 0.60

C hloride 0.1 N 1 d rop  1 N  
N aO H

red  to  bluish- 
v io le t

4.90 4.87 0.03 0.60
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T a b le  I I I

D ye adsorbate as acid-base indicator 
A d sorp tive : 2-(4’-n itrophenylazo )-l-naph tho l-4 -su lphon ic-acid

A d s o rb e n t
E x c e s s  o f  o w n  

io n ,  e q u .
p H  R a n g e  o f  
c o lo u r  c h a n g e

D is s o c ia t io n
c o n s ta n t ,

К
C o lo u r  c h a n g e

Silver chloride 50%  Ag + 4.9—6.9 1.26 ■ 10“ 6 orange-red  to  vio let

10%  Ag + 5.2— 7.0 7.94 • П Г 7 red  to  blue
equ. p o in t 5.3— 7.7 3.16 • 10“ 7 red  to  v io le t

10%  c i - 6.6— 8.0 5.01 • 10“ 8 orange to  violet
50%  C l- 6.6— 8.2 3.98 ■ 10“ 8 orange to  vio let

Silver brom ide 50%  Ag + 3.6—5.6 2.51 • 10“  5 orange to  greyish-blue

10%  Ag + 4.2—6.8 3.16 • Ю “ 6 orange-red  to  blue
equ. p o in t 4.5— 7.5 1.00 • 10“ 6 Orange-red to  blue

10%  B r- 5.0—8.0 3.16 • 10“ 7 orange to  violet-red

50%  B r- 6.1—8.1 7.94 ■ 10“ 8 orange  to  vio let-red

Silver iodide 50%  Ag + 4.0—6.0 1.00 ■ 1 0 - 5 orange-red  to  b lu ish-grey

10%  Ag + 4.6 — 6.4 3.16 • 10“ 6 orange-red  to  v io le t-grey
equ. p o in t 6.8—8.3 2.82 • 10“ 8 orange  to  vio let
10%  I - 6.6—8.6 2.51 • 10“ 8 yellow  to  vio let-red

50%  I - 6.6 — 8.4 3.16 • 10“ 8 yellow  to  violet-red

Silver cyanide 50%  Ag + 6.5— 7.5 1.00 • 10“ 7 v io le t-red  to  violet
10%  Ag + 6.8— 8.4 2.51 • 10“ 8 c la re t red  to  d ark  v io le t
equi. p o in t 8.3—9.5 1.26 • 10“ 9 red  to  d a rk  vio let

10%  C N - 7.6— 9.6 2.51 ■ 10“ 9 orange to  violet-red

50%  CN“ 7.0—9.4 6.31 • 10“ 9 orange  to  v iolet-red

S ilver th io cy an ate 50%  Ag + 4.0— 5.6 1.59 • 10“  5 p in k  to  v io le t
10%  Ag + 4.5— 6.5 3.16 ■ 10“ 6 p in k  to  v io le t
equ. p o in t 5.5— 8.3 1.26 • 10“ 7 p in k  to  v io le t
10%  C SN - 5.8—8.2 1.00 • 10“ 7 orange to  vio let-red
50%  C SN - 6.0— 8.2 7.94 • 10“ 8 orange  to  violet-red

1 . p H  c h a n g e s  d u r i n g  t i t r a t i o n

50 m l o f w a te r  a n d  0.5 m l o f a  0 .1%  in d ic a to r so lu tio n  w ere ad d ed  to  10 ml o f 0.1 N  
an ion  solu tion , a n d  th e  m ix tu re  w as th e n  t i t r a te d  w ith  0.1 N  A g N 0 3. T h e  p H  w as m easu red  
d u rin g  t it ra tio n  u s in g  g lass calom el electrodes. A p H  decrease  o f  0 .3— 0.5 was observed  a t  
th e  equivalence p o in t d u rin g  th e  t i t r a tio n  of anions; w h en  silver io n  w as t i t r a te d ,  th e  p H  de
creased  u n til th e  m id d le  o f th e  t i t r a t io n  and  th en  rose  b y  0.2— 0.5 a t  th e  equivalence p o in t. 
T h is p H  change is th e  sam e as in  th e  case of in d ica to rs  co n ta in in g  basic  g roups, when th e  in 
d ic a to r  loses a p ro to n  a t  th e  equ ivalence p o in t in th e  t i t r a t io n  of an ions an d  tak e s  up  a p ro to n  
in  th e  t it ra tio n  o f ca tio n s.
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2. D eterm ination  of th e  ehange  of th e  d issociation  co n stan t o f dye adso rbates

T he m easu rem en ts w ere carried  o u t acco rd in g  to  th e  m eth o d  described  in o u r earlier 
p a p e rs  [3]. T he re su lts  (T able I I I )  show  th a t  th e re  is no change in th e  d issoc ia tion  c o n s ta n t 
o f th e  2-(4’-n itro p h cn y lazo )-l-n ap h th o l-4 -su lp h o n ic  acid on silver iod ide, silver th io c y a n a te , 
o r  no  silver cyan ide in  th e  p resence of an  excess o f anions. On th e  basis  o f fo rm er e x p e ri
m e n ts ,  th is  w ould m ean  t h a t  th e  an ion  c a n n o t b rin g  ab o u t a colour ch an g e ; in  o th e r  w ords, 
th e  so lu tio n  w hich has been  t i t r a te d  w ith  silver ion  should  n o t change i ts  co lour w hen  a n 
ions a re  add ed . In  re a lity , th is  is n o t  so; a co lour change will also occur w ith  th e  ad d itio n  of 
a n io n s , th o u g h  th is  m ay  be less in ten siv e  th a n  w ith  silver ions. T he d isso c ia tio n  c o n s ta n t  of 
th e  in d ic a to r  rem ains u n ch an g ed  in  th e  p resence  o f an  excess o f an ions, b ecause  p a r tia l  or 
to ta l  d eso rp tio n  h as a lre ad y  ta k e n  p lace. "With silv er chloride an d  silver b ro m id e , d e so rp tio n  
is slow er re su ltin g  in  a s lig h t change in  th e  d issoc ia tion  c o n s tan t in  th e  p resence  o f an ion  
excess.

3. A dsorption  m easu rem en ts

T he ex p erim en ts w ere carried  o u t in  each  case w ith  10~ 4 m ole silver iod ide ad so rb en t. 
0.6 m l o f th e  0.1%  in d ic a to r so lu tion  an d  20— 10 m l of a 0.01 N  A g N 0 3 so lu tio n  w ere ad d ed  
to  10— 20 m l of a 0.01 N  K I  so lu tion , an d  th e  m ix tu re  was m ade u p  to  100 m l. T h e  lig h t a b 
so rp tio n  of th e  non -ad so rb ed  dye w as m easu red  sp ec tro p h o to m etrica lly  a t  480 n m  in  th e  
p resen ce  of 0, 1, 3, 5 an d  10 m l o f 0.1 N  iod ide a n d  silver ions, re sp ec tiv e ly . T he sp ec tro p h o to - 
m e tric  m easu rem en ts w ere p e rfo rm ed  in n e u tra l  a n d  acid  (pH  1) m ed iu m  in  acco rd an ce  w ith  
a  p re lim in a ry  ex p erim en t (4). T he re su lts  a re  show n in  F ig. 4, w here  th e  q u a n ti ty  o f  th e  a d 
so rb e d  dye expressed  in  p e rcen tag e  of th e  to ta l  d y e  app lied  is p lo tte d  ag a in s t th e  concen
t r a t io n  of th e  iodide an d  silver ions, re sp ec tiv e ly . T h is F igure  show s th a t  in  th e  p resence  of 
io d id e  ions th e  dye is n o t  adso rb ed , w hile in  th e  presence of silver ions a d so rp tio n  is n ea rly  
co m p le te  (for th e  sm all q u a n titie s  o f dye ap p lied ). In  acidic m ed ium  dye  a d so rp tio n  is con
sid e rab le  even  a t  low  silver co n cen tra tio n s  a n d  a  sudden  rise is o b se rv ed  w hen  th e  q u a n ti ty  
o f  silv er ions is s lig h tly  ra ised . In  n e u tra l  m ed ia  th e  rise in th e  q u a n ti ty  o f a d so rb ed  dye 
u n d e r  th e  in fluence of silver ions is slow er, b u t  reach es a h igher v a lu e . T he less fa v o u rab le  
re su lts  o b ta in ed  in  n e u tra l  m edium  are  due  to  th e  fo rm atio n  of a  p re c ip ita te  in  th e  p resence

F ig . 4. A d sorp tion  of 2-(4’-n itro p h en y lazo )-l-n ap h th o l-4 -su lp h o m c  acid  on  silver iod ide  in 
th e  p resence of iodide ( I ~)  a n d  silver (A g +) ions, re sp ec tiv e ly
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of h ig h er silver ion q u a n tit ie s ;  in th e  p re sen ce  of th e  colloidal co m p o n en t th e  so lu tio n  will 
d a rk en  a f te r  a c e r ta in  p e rio d  of tim e, th u s  th e  l ig h t ab so rp tio n  o f th e  dye in th e  so lu tio n  
w ill b e  h igher. I t  follow s, therefo re , from  th e  ad so rp tio n  m easu rem en ts  th a t  in  th e  p resence  of 
an  excess o f th e  an io n  th e  m echanism  o f in d ic a tio n  is assoc ia ted  w ith  a d eso rp tion  p rocess , 
w hile  in  th e  presence o f an  excess of silver io n  w ith  an  a d so rp tio n  process.

D iscussion

The m echanism  o f  indication. T h e  ind ica tion  m echan ism  of 2-(4’-n itro - 
p h en y lazo )-l-n ap h th o l-4 -su lp h o n ic  a c id  can  he d iscussed  using th e  ex am p le  
of th e  iodide ion . W hen  iodide ion is t i t r a te d  w ith  s ilver n itra te  in a n e u tra l  
so lu tio n , th e  co lour o f th e  in d ica to r in  th e  in itia l so lu tio n  is yellow . A t th e  
equ iva lence  p o in t th e  ind ica to r is a d so rb e d  w ith  an  o range colour p ro d u c in g  
a d e te c ta b le  colour change. The p rocess is associa ted  w ith  th e  loss or u p ta k e , 
o f a p ro to n  w hich  could  be observed  ex p erim en ta lly :

S 0 3̂
orange p re c ip ita te

On b ack  t i t r a t io n  th e  ind ica to r is desorbed  an d  goes in to  so lu tion . W hen  
th e  t i t r a t io n  is c a rried  ou t under a lk a lin e  conditions, in d ica tio n  will p roceed  
b y  a n  o th e r m echan ism . A lkalin ity  m u s t  be  of such a degree th a t  th e  in d i
c a to r  shou ld  d isp lay  th e  alkaline o r  fa in tly  alkaline co lour in so lu tion . In  
a lk a lin e  so lu tions th e  ind ica to r is re d ;  w hen  t i t r a te d  w ith  silver n i tra te , in to  
g rey ish -g reen  th e  co lour will change a t  th e  equivalence p o in t. This is n o t acco m 
p an ied  b y  th e  loss o r u p ta k e  of a p ro to n . T h e  colour change is due in th e  p re s 
ence o f  an  excess o f s ilver ions to  a d so rp tio n  an d  to  th e  fo rm atio n  of th e  silver 
sa lt, a n d  in  th e  p resen ce  o f an  excess o f  an ions to  d eso rp tio n  an d  decom position  
o f th e  silver co m p o u n d . On back t i t r a t io n  th e  grey ish-green  colour o f th e  p re 
c ip ita te  tu rn s  yellow  a n d  th e  colourless so lu tion  becom es red :

Acta Chim. Acad. Sei. Hung. 57, 1968



254 LÉGRÁDI: MECHANISM OF ADSORPTION INDICATION, IV.

О

( - )

+
A g l Ag +

I - l -

s o 3- h

red  so lu tio n

О
Ag +

I -
A g l

A g +

SO,“
grey ish-green  p re c ip ita te

D esorp tion  in th e  presence of an ion  excess and  ad so rp tio n  in  th e  presence  
o f  s ilv e r  ion excess w ere confirm ed b y  th e  ad so rp tio n  m easu rem en ts  described  
in  th e  foregoing p a ra g ra p h .

F ajans indication. A ccording to  F a ja n s ’ orig inal th e o ry , th e  dye an ion  
o r c a tio n  is b o und  b y  secondary  a d so rp tio n  forces to  th e  o p p osite ly  ch arg ed  
p re c ip ita te  a fte r th e  p re c ip ita te  has b o u n d  ca tio n s or anions from  th e  so lu tion  
b y  p r im a ry  ad so rp tio n  forces. F a ja n s  su g g ested  th a t  th e  co lour change w as 
d u e  to  electron  d e fo rm atio n  assoc ia ted  w ith  th e  a d so rp tio n  process. L a te r  
ex p e rim en ts  have , h o w ever, show n th a t  fluorescein , eosin a n d  its  d e riv a tiv e s , 
on w hose  b ehav iou r F a ja n s  founded  his in d ic a to r  th eo ry , a re  surface p rec ip i
t a t e  in d ica to rs , th a t  is to  say , th e y  fo rm  a p rec ip ita te  w ith  th e  silver io n [5 ].

Comparison o f  the investigated indication  m echanism  and F a jans indication . 
T h e  adso rp tion  in d ica tio n  of 2-(4’-n itro p h en y lazo )-l-n ap h th o l-4 -su lp h o n ic  
ac id  resem bles th e  in d ica tio n  m echan ism  o f fluoroscein  in  th a t  th e  f irs t  is 
a lso  a n eg a tiv e ly  ch a rg ed  dye w hich c a n n o t be adsorbed  on n eg a tiv e ly  ch a rg ed  
p re c ip ita te s  b u t w ill rem ain  in  so lu tio n . T hus, th e  a d so rp tio n -d eso rp tio n  
p ro cess  is th e  sam e. The d ifference b e tw een  th e  tw o  in d ica to rs  is t h a t
2 -(4 ’-n itro p h en y lazo )-l-n ap h th o l-4 -su lp h o n ic  acid , a lth o u g h  i t  co n ta in s a 
su lp h o n ic  acid g roup , form s no p re c ip ita te  w ith  silver ion  in  so lu tion , a n d  
no  su rface  p re c ip ita te  ind ica tion  ta k e s  p lace .

Comparison o f  the indication m echanism  o f  the indicator and o f  basic dyes. 
T h e  p a r tic u la r  ad so rp tio n -d eso rp tio n  process can n o t be observed  w ith  basic  
d y es . T he dye is p o sitiv e ly  charged , o r h a s  no  charge, an d  n o t even th e  dye  
c a tio n  is desorbed fro m  th e  positiv e ly  ch a rg ed  p rec ip ita te . In  th e  case of n e g a 
t iv e ly  charged dyes, deso rp tion  occurs o n ly  w hen th e  charge  is s trong ly  n e g a 
t iv e , t h a t  is to  say , w hen  th e  dye co n ta in s  sev era l acid groups, p rim arily  s tro n g ly  
ac id ic  su lphonic ac id  groups. W ith o u t th is  la t te r  group, 2-(4’-n itropheny lazo )-
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l-n a p h th o l-4 -su lp h o n ic  acid w ould n o t  be d eso rbed  from  th e  n egative ly  c h a rg ed  
p re c ip ita te . T h u s , in  th e  case u n d e r  d iscussion , th e  su lpho  group p lay s an  
ac tiv e  p a r t  in  th e  p ro d u c tio n  of co lou r change , th o u g h  i t  gives rise to  no  s t ru c 
tu ra l  change or p re c ip ita tio n  d u rin g  th e  in d ica tio n  process; such a co lou r 
change m ay  in  c e r ta in  cases be a d v a n ta g e o u s .

D em onstration o f  the indication. T h e  ad so rp tio n  ind ica tion  m ech an ism  
p re sen ted  in  th e  p reced in g  p a rag rap h s  m a y  be  con firm ed  b y  p H  m easu rem en ts  
d u rin g  t i t r a t io n  as th e se  will in d ica te  th e  loss or u p ta k e  o f a p ro ton . T he d isso 
c ia tio n  c o n s ta n t o f  th e  dye a d so rb a te  increases u n d e r  th e  effect o f c a tio n  
excess, w hile in  th e  presence of an io n  excess th e  d issocia tion  co n stan t re m a in s  
u n ch an g ed  or chan g es only sligh tly . T h is d istingu ishes th e  new  in d ica to r  from  
azo w hich  c o n ta in  o n ly  n itro  and  am in o  g ro u p s, an d  w hose dissociation  co n 
s ta n ts  decrease m a rk e d ly  in  th e  p resence  o f  an  excess o f anions. In d ica tio n  can  
also be  d e m o n s tra te d  b y  th e  m easu rem en t o f ad so rp tio n : on negative ly  ch a rg ed  
p rec ip ita te s  th e  in d ic a to r  is desorbed , a n d  on p o sitiv e ly  charged p re c ip ita te s  
i t  is adso rb ed .

SU M M A R Y

A  new  a d so rp tio n  in d ica to r, 2-(4’-n itro p h en y lazo )-l-n ap h th o l-4 -su lp h o n ic  acid , su it
able fo r th e  a rg e n to m e tr ic  titra tio n  of ch lo rid e , b ro m id e , iod ide, th io cy an a te  an d  c y an id e  
ions, is p resen ted .

T he m ech an ism  o f in d ica tio n  is a  c o m b in a tio n  o f an  ad so rp tio n -d e so rp tio n  p rocess 
an d  th e  a c id -b ase  p rin c ip le . T he colour ch an g e  is d u e  to  th e  fo rm a tio n  of a n itric  acid  s t ru c 
tu re  in  th e  p resence o f  silver ion or of a lkali. T h is  ty p e  of in d ica tio n  can  be d e m o n s tra ted  b y  
th e  follow ing p h y sica l m easu rem en ts: (a) d e te rm in a tio n  of p H  changes during  t i t r a t io n ;  
(b) d em o n s tra tio n  o f a  p rac tica lly  u n ch an g ed  d isso c ia tio n  c o n s tan ts  o f th e  dye a d so rb a te  
in  th e  p resence of a n io n  excess; (c) a d so rp tio n  m easu rem en ts .
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THE NEPHELAUXETIC SERIES AND THE ORDER OF 
THE MÖSSRAUER PARAMETERS OF IRON COMPLEXES

K . B u r g e r , A. V é r t e s  and E . P a p p - M o l n á r

( In stitu te  o f  Inorganic  and A nalytical C hem istry and In stitu te  o f  P hysical Chem istry and  
Radiology o f the L . Eötvös U niversity , B udapest)

R eceived N o v em b er 16, 1967

I t  is k n o w n  t h a t  th e  e lec tron  c loud  o f th e  c e n tra l a to m  of tra n s it io n  
m e ta l com plexes is expanded  b y  lig a n d s , w hich  change th e  degree o f re p u l
sion betw een  th e  e lec trons of th e  c e n tra l  a to m . This is called  th e  n ep h e lau x e tic  
effect [1 — 3] o f th e  ligands, w hich is th e  m ore  p ro nounced , th e  s tro n g er is th e  
co v a len t c h a ra c te r  o f  th e  bond b e tw een  th e  m e ta l an d  th e  donor a to m . B y  
a rran g in g  th e  lig an d s  in th e  order o f  th e  m a g n itu d e  o f th e ir  n ep h e lau x e tic  effects 
J0RGENSEN [4, 5] estab lished  th e  fo llow ing  n ep h e lau x e tic  series*: F -< H 20 <  
< (C H 3)2SO <  C H 3 C O N H 2 <  N H 2 - C O - N H 2 <  N H 3 <  en  <  (COO)2~ <
<C NCS ~ <  C l_ <C CN ~ < B r - < I ~ < S 2 -  ~  dtp <f dtc <  dsp

w here en =  e th y len ed iam in e ; dtp  =  d ie th y ld ith io p h o sp h a te ; dtc =  d ie th y l- 
d ith io c a rb a m a te ; d sp  =  d ie th y ld ise len o p h o sp h a te .

A ccord ingly , th e  nep h e lau x e tic  series o f th e  donor a to m s is:

F  <  0  <  N <  Cl <  B r <  I  <  S <  Se.

E x p e rim en ts  h a v e  shown t h a t  th e  n ep h e lau x e tic  series well rep re sen ts  
th e  o rd er of co v a len cy  of the  com plexes.

O f th e  M össbauer pa ram ete rs , p a r tic u la r ly  th e  va lu es  o f th e  isom er sh ift, 
h u t  in  th e  case o f h ig h  spin iro n (II)  com plexes in d ire c tly  also th e  values of 
q u ad ru p o le  sp lit t in g  depend  to  a co n sid e rab le  e x te n t on th e  covalency  o f th e  
b o n d  betw een  th e  m e ta l and  donor a to m . A n increase in  covalen t c h a ra c te r  
re su lts  in  an in c rea se  of the  s e lec tro n  d e n s ity , an d  occasionally  in  a de
crease of d  e lec tron  den sity , on th e  c e n tra l  a to m . B o th  changes will increase th e  
e lec tron  den sity  a t  th e  nucleus.**

* T he o rder w as estab lished  on th e  basis  o f  spectroscopic  m easu rem en ts , acco rd ing  to  
th e  (1 — ß) values o f th e  ligands, w here ß  =  B 0/B c, B 0 be ing  th e  p a ra m e te r  ch a ra c te ris tic  
o f th e  repu lsion  o f th e  e lectrons of th e  ion  in  th e  gaseous s ta te , a n d  B c t h a t  of th e  e lec tro n s 
in th e  com plex fo rm ed  w ith  th e  in v es tig a ted  lig an d . (1 —  ß) can  be w r i t te n  as a p ro d u c t o f 
a fu n c tio n  h of th e  l ig a n d  and  к of th e  c e n tra l  a to m : (1 —  ß) =  lilt.

** In  f irs t  a p p ro x im a tio n , only th e  s e lec tro n s h av e  a f in ite  d e n s ity  a t  th e  nucleus. 
T h u s, an  increase o f th e  s electron d en sity  on  th e  c en tra l a to m  obv io u sly  will increase  th e  
e lec tro n  d en sity  a t  th e  nucleus. 3d e lec tro n s, due  to  th e ir  sh ie ld ing  effec t on  3s an d  even  4s 
e lectrons, decrease th e  e lectron  d ensity  a t  th e  nuc leu s [6, 7]. T here fo re , b o th  a  decrease in  
d e lectron  d ensity  a n d  a n  increase in s e lec tro n  d e n s ity  will increase  th e  electron  d e n sity  a t  
th e  nucleus.
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T he v alue  o f th e  M össbauer isom er sh if t (<5) is a m easu re  of th e  change 
in  e lec tro n  d en sity  a t  th e  nucleus.*  W ith  iro n  com pounds, th e  va lu e  o f th e  
iso m e r sh ift is red u ced  b y  an  increase  in  e lec tron  d e n s ity  a t  th e  n u c leu s.

T herefore, i t  is to  be  ex p ec ted  th a t  th e  decreasing  o rd e r o f th e  isom er sh ifts  
fo r iro n  com plexes w ith  various ligands w ill be  ap p ro x im a te ly  th e  sam e as th e  
in c reasin g  order o f  th e  covalency  o f  th e  b o n d  be tw een  th e  m e ta l an d  donor 
a to m , i. e. as th e  n ep h e lau x e tic  series o f  th e  ligands. In d e e d , D á n o n  [ 8 ]  

d id  m en tio n  th is  tre n d , th o u g h  i t  is n o t  v e ry  a p p a re n t in  th e  system s in 
v e s tig a te d  b y  h im .

In  th e  iron ( I I )  com plexes of th e  m ore  o r less s tro n g ly  я -accep to r lig an d s , 
th e  increase of th e  co v a len t c h a ra c te r  o f th e  bond  be tw een  th e  m e ta l a n d  
d o n o r a to m  fu rth e rs  th e  tra n s fe r  of d  e lec trons from  th e  non  or-bonding o rb i
ta ls  o f  th e  cen tra l a to m  to  th e  я -accep to r o rb ita ls  o f th e  lig an d  [9]. In  h igh-sp in  
iro n  (II)  com plexes, th is  e lec tron  tra n s fe r  re su lts  in  an  increase  o f th e  sy m m e try  
o f  th e  d  shell. T he d 6(t2ge|) e lec tron  s tru c tu re  o f th e  iron  ( I I )  c e n tra l a to m  a p 
p ro ach es  g rad u a lly  th e  d5 (*2gel) spherica l sy m m etric  e lec tron  s tru c tu re , w hich is 
c h a ra c te r is tic  of th e  h igh-sp in  iron  ( I I I )  a to m  [10, 11]. T h u s , a tra n s fe r  o f 
d -e lec trons, fu r th e re d  b y  th e  increase  in  covalency , w ill increase  th e  sy m m e try  
o f  ch arg e  d is tr ib u tio n  a b o u t th e  iron  nuc leu s, decreasing h e re b y  th e  v a lu e  o f 
th e  elec tric  field  g ra d ie n t, w hich is m an ife s ted  b y  a decrease in  th e  m a g n itu d e  
o f  th e  M össbauer q u ad ru p o le  sp littin g  (/IE ).

T herefore, i t  is to  be  ex p ec ted  t h a t  fo r h igh-sp in  iron  (II)  com plexes 
h a v in g  ab o u t s im ila r coo rd in a tio n  spheres, w here th e  sy m m e try  of ch a rg e  
d is tr ib u tio n  depends la rge ly  on th e  ab o v e-m en tio n ed  e lec tron  tra n sfe r , i. e. on 
th e  cov a len t c h a ra c te r  of th e  co o rd in a tiv e  b o n d  w hich decides th is  t ra n s fe r , 
th e  decreasing o rd e r of th e  values o f q u ad ru p o le  sp littin g  (/IE ) w ill ru n  a p p ro x i
m a te ly  paralle l w ith  th e  increasing  o rd e r o f  covalency, i. e. w ith  th e  n e p h e 
la u x e tic  series.

I t  was th o u g h t, th e re fo re , reaso n ab le  to  se t th e  M össbauer d a ta  o f iro n  
com plexes in  o rd e r on th e  basis o f th e  ab o v e  considera tions. T he fo llow ing 
co m pounds w ere p rep a red , an a ly zed , a n d  th e ir  M össbauer sp ec tra  reco rd ed : 
F e l 2 • 4 H 20 ,  F e B r 2 • 4 H 20 ,  FeS o f s to ich io m etric  com position , F e (H 2P 0 2)2, 
F e ( I I )  d ie th y ld ith io c a rb a m a te  an d  F e (I I )  a n th ra n ila t  (Figs 1 — 5). O ur d a ta  
w ere  su p p lem en ted  w ith  th e  M össbauer p a ra m e te rs  of a few  iro n (II)  com pounds 
re p o r te d  in lite ra tu re .

* T he value  of th e  isom er sh ift (<5) is:

<5 ^  K Ze- [|v(0)|S -  |V-(0)|1] [Rl ~  Щ]

w h ere  К  is a  m ate ria l c o n s ta n t, Z  is th e  a to m ic  n u m b er, e | y>(0) ji an d  e | v>(0) SI a re  th e  e lec tro n  
d e n sitie s  a t  th e  M össbauer nucleus o f th e  a b so rb e n t a n d  th e  source, re sp ec tiv e ly , an d  R e a n d  
R g  d e n o te  th e  rad iu s  o f  th e  nucleus in  th e  ex c ited  a n d  g round  s ta te ,  resp ec tiv e ly .
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Experimental

The M össbauer sp e c tra  were recorded  w ith  an  in s tru m e n t c o n s tru c ted  by  th e  P h y sica l- 
Chem ical and  R ad io log ica l In s t i tu te  o f th e  L. E ö tv ö s  U n iv e rs ity , a t  m o d u la r  operation . T h e  
source was 57Co iso to p e  d iffused  in to  a sta in less steel p la te , h a v in g  a n  a c tiv ity  o f ~  1 m C. 
A n ND -204 sc in tilla tio n  c o u n te r  was used  for th e  d e te c tio n  of y -rad ia tio n , an d  an  N TA -256 
analyser for th e  reco rd in g  o f th e  spec tra . M easured w ith  a  K 4Fe(C N )e-ab so rb er, th e  w id th  o f 
th e  line e m itted  b y  th e  source was 0.4 m m /s. T he in s tru m e n t w as c a lib ra ted  w ith  a  n a tu ra l  
iro n  foil of 20 m g/cm 2 th ick n ess an d  a F e S 0 4 • 7 H 20  ab so rb er o f 30 m g/cm 2 th ick n ess  
a t  room  tem p e ra tu re : A  E  =  3.20 m m /s. ö =  1.4 m m /s.

A c ry o s ta t w ith  “ H u n g aro ce ll”  p las tic  foam  in su la tio n  w as u sed  fo r th e  m easu rem en ts  
carried  o u t a t  liq u id  a ir  tem p e ra tu re . The sam ple ho ld er w as p lac ed  to  th e  b o tto m  of th e  
c ry o sta t.

The th ick n ess o f th e  abso rbers w as selected such" as to  h av e  a n  iro n  c o n ten t o f 10— 20 
m g/cm 2.

T he iro n  co m p o u n d s in v es tig a ted  were o f a n a ly tic a l p u r i ty .  T h e  s ta te  o f o x id a tio n  
o f th e  cen tra l a to m s w as checked b y  ox id im etric  t i t r a t io n  m eth o d s.

Results and discussion

The M össbauer p a ram e te rs  de te rm in ed  b y  us a n d  th o se  ta k e n  fro m  
lite ra tu re  are  su m m arized  in  Tables I  an d  I I .  In  each  case th e  rad ia tio n  source 
w as 57Co diffused in to  sta in less steel. A sh o rt su m m a ry  o f th e  conclusions d raw n  
from  these  d a ta  is g iven  in  th e  following:

Table I

The M össbauer parameters o f  h ighs-spin iron compounds

Com pound
Iso m e r sh if t , 

mm/s3C
Q uadrupole

sp litting ,
m m /sec

T e m p e ra tu re ,
° K 1/h R ef.

F e F 2 1 .4 + 0 .0 5 2.68 299 13
F e F 2 1.4 + 0 .0 5 2.68 85 1.25 13

F e ( H 2p o 2)2 1 .2 9 + 0 .0 5 2.62 +  0.05 room  te m p e ra tu re p resen t w ork

F e (H 2p o 2)2 1 .3 8 + 0 .0 5 2 .70+0.05 liqu id  air p resen t w o rk
F e(II)an  thr^ 1 .2 8 + 0 .0 5 2.68 +  0.05 liqu id  a ir p resen t w ork

F e (III)a n th r 0.47 +  0.05 0.64 +  0.08 liqu id  air p resen t w ork

FeCl
2 1.01 +  0.05 0 .70+0.05 room  tem p e ra tu re p resen t w ork

FeCl,. 1.23 +  0.07 1.10 +  0.05 liqu id  a ir 0.5 p resen t w o rk

FeI2 1.01 +  0.1 0.66 +  0.03 290 14

F e l 2 1.12 +  0.1 0.87 +  0.03 77 0.38 14

FeS 0.59 +  0.05 0.48 +  0.1 liq u id  a ir p resen t w ork
F e (II)d tc 2 0.59 +  0.05 0.4 ± 0 .0 5 liqu id  a ir p resen t w ork

F e(III)d tc„ 0.53 +  0.05 0.5 ± 0 .0 8 liqu id  a ir p resen t w ork

1. B o th  th e  isom er sh ift an d  q u ad rupo le  sp lit t in g  v a lu e s  o f th e  a n h y d ro u s  
iron  (II)  ha lides, show n in  T ab le  I ., p resen t an  o rd e r w h ich  co rresponds to  th e  
nep h e lau x e tic  series, in  accordance w ith  th e  co n s id e ra tio n s  discussed in  th e
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in tro d u c to ry  p a r t .  O f th e  in v e s tig a te d  iro n  sa lts , iron (II)  f lu o rid e , h a v in g  th e  
s tro n g e s t ionic c h a ra c te r , gave th e  g re a te s t  isom er sh ift, in d ic a tiv e  o f  th e  low est 
e le c tro n  den sity  a t  th e  nucleus, as w ell as th e  g rea te s t q u ad ru p o le  sp littin g , 
in d ic a tin g  th e  g re a te s t fie ld  g ra d ie n t a t  th e  nucleus. B o th  th e  isom er sh if t an d  
q u a d ru p o le  sp littin g  decreases acco rd in g  to  th e  ligand  o rd e r: flu o rid e  >  ch lo ride 
>  iod ide . This o rder a c tu a lly  co rresp o n d s to  th e  n ep h e lau x e tic  series o f  th e  
h a lid e  ligands, an d  to  th e  o rd er o f in c reas in g  covalen t c h a ra c te r  o f  th e  iron  
h a lid es . M oreover, th e  q u ad ru p o le  sp lit t in g  values of th e  iro n  ( I I )  h a lides show  
a lin e a r  co rre la tion  w ith  th e  rec ip ro cal h  values ch a rac te ris tic  fo r th e  n ep h e 
la u x e tic  effect of th e  ligands.

mm/s
F ig . 1. M össbauer sp e c tru m  of F e (H 2P 0 2)2 a t  th e  te m p e ra tu re  o f liq u id  a ir

F ig . 2. M össbauer sp ec tra  o f F e ( I I I )  a n th ra n ila te  (a) and  F e (II)  a n th ra n ila te  (b) a t  th e  tern-
p e ra tu re  o f liq u id  air
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The isom er sh if t and  q u ad ru p o le  sp littin g  v alues o f  F e (H 3P 0 2)2 (do n o r 
a to m s  0 ) , Fe anthr*  (donor a to m s О and  N ), Fe dtc2 (do n o r a tom s S) an d  FeS  
(d o n o r a to m  S) also  read ily  f i t  in to  an o rd e r w hich co rresponds to  th e  n ep h e-

Fig. 3. M össbauer sp ec tru m  o f FeS a t  th e  te m p e ra tu re  o f liqu id  air

— 1 0 +  1 + 2  3 +
m m /s

F ig . 4. M össbauer sp e c tra  o f F e (III)  d ie th y ld ith io ca rb am a te  (a) a n d  F e (I I )  d ie th y ld ith io  
c a rb a m a te  (b) a t  th e  tem p e ra tu re  o f liq u id  a ir

la u x e tic  series of th e  ligands. Com plexes w ith  th e  s tro n g est co v a len t ch a ra c te r  
p re sen ted  th e  low est isom er sh ift an d  q u ad ru p o le  sp littin g  values.

As c o n tra ry  to  th is , th e  d a ta  in  T ab le  I I  show  th a t  th e  M össbauer sp ec tra  
o f iro n (II)  halides co n ta in in g  w a te r  o f c ry s ta lliza tio n  do n o t  reflect a nephe- 
la u x e tic  effect. T he M össbauer p a ram e te rs  o f th e  th ree  su b stan ces  in v es tig a ted  
a re  sim ilar.

* anthr =  a n th ra n ila te
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F ig . 5 . M össbauer sp ec tra  o f  F e B r2 • 4 H 20  (a) a n d  F e l2 ■ 4 H 20  (b ) a t  th e  te m p e ra tu re  o f
liq u id  a ir

Table II

The M össbauer parameters o f  iron halides containing water o f crystallization , at the temperature
o f  liquid  air

C om pound
Iso m e r sh if t, 

m m /sec
Q adrupole
sp litting ,
m m /sec

R ef.

FeCl • 4H  О 1.35 +  0.05 3.0 ± 0 .0 5 15

FeB r • 4H  0 1.47 +  0.05 2.75 +  0.05 p re sen t w ork

F e l • 4H  02 2
1.41 +  0.05 3.0 ± 0 .0 5 p re sen t w ork

T he beh av io u r o f  th ese  co m p o u n d s, inconsisten t w ith  th e  regu la rities 
d iscussed  before, can  be  exp la ined  b y  th e  fa c t th a t  in each  o f th e m  th e  p red o m 
in a n t  p a r t  of th e  co o rd in a tio n  sphere  o f iron  (II)  is occup ied  b y  w a te r  m ole
cu les. T hus, th e  e lec tro n  s tru c tu re  o f th e  cen tra l a to m  is d e te rm in ed  p rim arily  
b y  th e se  m olecules, a n d  th e  halides h a v e  alm ost no in fluence . M oreover, th e  
M össbauer spec tru m  is s im ila r to  t h a t  o f  F e S 0 4 • 4 H 20  (/IE  =  3.5 m m /s, 
d =  1.48 m m /s), h a v in g  an  analogous coo rd ination  sphere  (co n ta in in g  likew ise 
fo u r  m olecules o f w a te r  o f c ry s ta lliz a tio n ). The effect on th e  M össbauer spec
t r u m  o f th e  n u m b e r o f  w a te r  m olecules a tta c h e d  d irec tly  to  th e  c e n tra l a to m  
h a s  been  p roved  u n eq u iv o ca lly  b y  o u r recen t in v es tig a tio n s . T he values of 
q u ad ru p o le  sp littin g  o f  iro n  (II)  su lp h a te  sam ples, c o n ta in in g  d iffe ren t am o u n ts  
o f  w a te r  o f c ry s ta lliz a tio n , differ co nsiderab ly  [12].

2. A com parison  o f  th e  M össbauer pa ram ete rs  o f analogous iro n  (II)  and  
iro n  ( I I I )  com plexes c learly  show s t h a t  w ith  th e  increase  o f th e  тг-accep to r 
a b il i ty  of th e  lig an d  co n seq u en tly  w ith  an  increase o f th e  co v a len t c h a rac te r

Acta Chim. Acad. Sei. Hung. 57, 1968



BURGER et al.: THE NEPHELAUXETIC SERIES OF IRON COMPLEXES 263

of th e  com plex, th e  M össbauer sp ec tru m  of th e  iron  (II)  a to m  shows g ra d u a lly  
increasing  s im ila r ity  to  th e  p ic tu re  ch a ra c te ris tic  o f  th e  iron  ( I I I )  a to m . 
T h e  M össbauer sp e c tra  o f th e  iron  (II)  an d  iro n  ( I I I )  com plexes of a n th ra -  
n ilic  acid , c o n ta in in g  О a n d  N donor a tom s a n d  h av in g  th u s , accord ing  to  th e  
nep h e lau x e tic  series, re la tiv e ly  ionic ch a ra c te r , s till d iffer su b s ta n tia lly  (F ig . 2). 
T h e  difference b e tw een  th e  values o f isom er sh ifts  is a b o u t 1 m rn/s, a n d  th a t  
b e tw een  th e  v a lu es  o f q u ad rupo le  sp littin g  a b o u t 2 m m /s. C onversely, th e  
M össbauer sp e c tra  o f  th e  iron  (II)  a n d  iron  ( I I I )  com plexes of d ie th y ld ith io - 
c a rb a m a te  of h ig h  тт-accep to r a b ility , found  a t  th e  en d  o f th e  n ep h e lau x e tic  
series, are  sim ilar (F ig . 4). T he difference b e tw een  th e  correspond ing  M össbauer 
p a ra m e te rs  on ly  s lig h tly  exceeds th e  lim it o f e rro r o f th e  m easu rem en ts. T h is 
fa c t shows th a t  th e  m ore p ro n o u n ced  m eta l —*■ lig an d  elec tron  tra n s fe r  in  th e  
iron  (II)  com plex  gives rise to  an  electron  s tru c tu re  n ea rly  sim ilar to  t h a t  
o f  th e  iron  ( I I I )  a to m .

T he a u th o rs  w ish  to  th a n k  M r. J .  Soós, e lectric  eng ineer, fo r his help  in  d ev elop ing  
th e  m easu ring  in s tru m e n t, a n d  Mrs. L. Su ba  fo r he r care fu l w ork  in  reco rd ing  th e  M össbauer 
sp ec tra .

SUM M ARY

T he connection  b e tw een  th e  n ep h elau x e tic  effect o f lig an d s an d  th e  M össbauer p a ra m 
e te rs  o f th e ir  iro n  com plexes is discussed. T he m easu rem en ts  o f  th e  a u th o rs  and  th o se  p u b 
lish ed  in  l ite ra tu re  show  t h a t  th e  M össbauer p a ram ete rs  o f  a n h y d ro u s  iro n (II)  halides, a n th ra -  
n ila te , h y p o p h o sp h ite , su lp h id e  and  d ie th y ld ith io ca rb am a te  follow  th e  o rder o f th e  n e p h e 
lau x e tic  series.
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In  fo rm er com m unications we d iscu ssed  th e  essen tia l fea tu res  o f th e  use 
of “ ra d io a c tiv e  k ry p to n a te s ”  as co m p lex o m etric  in d ica to rs , an d  th e  p re p a ra 
tio n , b y  a d iffusion tech n iq u e  or b y  b o m b a rd m e n t w ith  acce lera ted  85K r ions, 
o f ra d io a c tiv e  inclusion ind ica to rs. W e also  s tu d ied  th e ir  ch a rac te ris tic s  [1 ], 
an d  f in a lly , discussed th e  d e te rm in a tio n  of calcium  ions [2] an d  of iron  [3] 
w ith  E D T A , an d  of n ickel [4] w ith  K C N . In  th e se  d e te rm in a tio n s  A g I0 3 [85K r] ,  
У 2(С20 4)3[85К г], an d  A g l [85K r] ra d io a c tiv e  k ry p to n a te s  w ere em ployed  as 
in d ica to rs  using  d iscon tinuous t i t r a t io n  tech n iq u es .

In  th is  p ap e r som e theo re tica l q u e s tio n s  o f th e  ap p lica tio n  of ra d io a c tiv e  
k ry p to n a te s  as com plexom etric  in d ic a to rs  w ill be d ea lt w ith .

Fundam entals o f the use o f  radioactive kryptonates 
as com plexom etric indicators

In  developing  th e  use of ra d io a c tiv e  k ry p to n a te s  in t i tr im e try , we p ro 
ceeded from  th e  w ork  o f B r a u n  et al. [5 , 6 ] , w ho used  a p re c ip ita te  labe lled  
w ith  110mA g as solid in d ica to r. The a d v a n ta g e s  of rad io ac tiv e  k ry p to n a te s  com 
p a red  to  a p re c ip ita te  labelled  w ith  I1(,mA g h av e  been  exp la ined  in  a fo rm e r 
co m m u n ica tio n  [1].

In  a t i t ra t io n  b ased  upon th e  co m p lex in g  reac tion

M +  C ^ M C * * ,  (1)

th e  e n d -p o in t is d e tec ted  adding a sp a rin g ly  soluble A B [85K r] inclusion 
co m p o u n d  to  th e  so lu tio n  of th e  co m p o n e n t M to  be de te rm ined .

A p re req u is ite  for th e  end-po in t d e te c tio n  is th a t ,  in  th e  course o f th e  
t i t r a t io n , com ponen t A shou ld  react w ith  th e  com plexing  agen t C on ly  w hen

* R a d io a c tiv e  k ry p to n a te s  in v o lu m e tric  ana ly sis . Y.
** F o r a sim pler p re sen ta tio n , charges w ill n o t  be show n in  th e  general eq u atio n s.
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th e  e n tire  q u a n tity  o f  M to  be d e te rm in ed  h as  a lread y  rea c te d . C om plexation  
o f  co m p o n en t A m a y  be  described  b y  th e  follow ing disso lu tion  re ac tio n :

A B  [85K r] +  С ^  AC +  В +  85K r . (2)

T h e  excess t i t r a n t  re a c ts  w ith  th e  solid k ry p to n a te d  p rec ip ita te  b reak in g  dow n 
th e  o rd e r s tru c tu re  o f  its  surface lay e rs , th u s  lib e ra tin g  rad io ac tiv e  k ry p to n . 
S ince th e  reaction  p ro d u c t is a gas (85K r), i t  can  read ily  he se p a ra te d  from  th e  
o th e r  com ponents o f th e  system , w hich a re  solids (k ry p to n a te  in d ica to r) o r 
liq u id s  (tes t so lu tion  a n d  t i t r a n t) .

In  a firs t ap p ro x im a tio n , th e  co n d itio n s o f  th e  success o f such  a t i t r a t io n  
a re  th e  following:
1. T h e  ineq u a lity

p K Mc <  P K AC (3)

sh o u ld  hold  betw een  th e  s ta b ility  c o n s ta n ts  o f th e  com plexes MC a n d  AC.
2. T h e  ra tio  of th e  s ta b il i ty  c o n s tan t o f th e  com plex  AC to  th e  so lu b ility  p ro d 
u c t  o f  th e  rad io ac tiv e  k ry p to n  inclusion  com p o u n d  A B [85K r] shou ld  be chosen  
c o rre c tly : th is ra tio  m u s t effect th e  d isso lu tion  of th e  k ry p to n a te  on ly  w hen  
th e re  is an  excess o f th e  com plexing a g en t p re sen t.

I f  a so lu tion  o f co m ponen t M, also c o n ta in in g  th e  rad io ac tiv e  k ry p to n a te  
in d ic a to r  A B[85K r], is t i t r a te d  w ith  com plex ing  ag en t C, m easu rem en t of th e  
a c t iv i ty  of th e  k ry p to n a te  during  t i t r a t io n  w ill show  th is  to  be c o n s ta n t up  to  
th e  p o in t w here free M is still av a ilab le  in  th e  so lu tion . Follow ing th e  q u a n t i 
t a t iv e  com plexing o f  M , th e  excess o f th e  com plex ing  agen t w ill beg in  to  re a c t  
w ith  com ponen t A , causing  th e  d isso lu tion  o f  th e  rad io ac tiv e  k ry p to n a te  A B  
p K r ) .  A ccordingly, th e  ra d io a c tiv ity  o f  th e  la t te r  w ill be d im in ished  in  p ro p o r-

F ig . 1. T heoretical cu rv es o f  com plexom etric  t i t r a tio n s  in  th e  presence of a  rad io ac tiv e  k r y p to 
n a te  in d ica to r. (I  — m ea su re m e n t of th e  a c t iv ity  o f th e  in d ica to r) ( I I  — m easu rem en t o f th e

a c tiv ity  o f th e  85K r  lib e ra te d !
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tio n  to  an y  excess of C. The a c tiv ity  o f  th e  lib e ra te d  rad io ac tiv e  k ry p to n  85K r 
can be m easu red : n itro g en  is b u b b led  th ro u g h  th e  so lu tion , w hich carries th e  
85K r gas in to  a d e te c to r , w here th e  a c t iv i ty  can be m easu red  con tin u o u sly . T h e  
th eo re tica l t i t r a t io n  curves are  show n in  Fig. 1.

Fig. 2 p re se n ts  th e  ti tra tio n  cu rv e  fo r th e  d e te rm in a tio n  o f Ca2+ w ith  a 
10 -2 M  so lu tion  o f  E D T A  in th e  p resence  o f th e  A g I0 3[85K r] k ry p to n a te  in -

Fig. 2. T itra tio n  o f Ca2+ w ith  a 10 - M so lu tio n  of E D T A ; in d ica to r: A g I0 3[85K r]

d icato r. In  th is  case d iscontinuous t i t r a t io n  w as used . U p to  th e  en d -p o in t, 
th e  reaction  is

Ca2+ +  Y 4-  ^  CaY 2~  . (4)

A fter th e  e n d -p o in t, th e  excess of E D T A  dissolves th e  k ry p to n a te :

A g I0 3 [85K r] +  Y 4-  A gY 3-  +  I O j  +  85K r (5)

causing its  a c t iv i ty  to  decrease in  p ro p o rtio n  to  th e  ad d itio n  of th e  t i t r a n t .
F ig . 3 is th e  t i t ra t io n  curve o f a d e te rm in a tio n  o f N i2+ w ith  a 0.1 M  

so lu tion  of K C N  in th e  presence o f A g I[85K r] in d ica to r. H ere th e  t i t r a t io n  
curve  w as reco rd ed  in  a continuous process.

U p to  th e  en d -p o in t th e  reac tio n  is:

N i2+ +  4 C N - ^  N i(C N )2-  (6)

an d  a fte r  th e  e n d -p o in t has been reach ed  th e  reac tio n

A g I[85K r] +  2C N - ^  A g(CN )2-  + 1 “  +  85K r (7)

occurs.
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v [  ml 1

Fig. 3. T itra tio n  of N i2+ w ith  a 10 1 M so lu tio n  of K C N ; in d ica to r: A g I[85K r];  a u to m a tic  
ad d itio n  o f th e  t i t r a n t;  c o n tin u o u s  m easu ring  of a c tiv ity

The functioning of the radioactive kryptonate indicator

T h e co m p etitio n  of th e  m e ta l ion  o f th e  rad io ac tiv e  k ry p to n a te  in d i
c a to r  w ith  th e  ion to  b e  determ ined  fo r th e  lig an d  of th e  t i t r a n t  is analogous to  
th e  successive t i t r a t io n  of tw o m eta ll ions. I t  has been show n b y  F l a sc h k a  
[7] th a t ,  p rov ided  th e re  is a difference o f  one o rd er of m ag n itu d e  b e tw een  th e  
s ta b il i ty  co n stan ts  o f th e  tw o com plexes, th e  end -p o in t can s till be e v a lu a te d , 
th o u g h  n o t q u ite  accu ra te ly .

In  choosing th e  rad ioactive  k ry p to n a te  in d ica to r, or th e  solid ca rrie r to  
be lab e lled  w ith  rad io ac tiv e  k ry p to n , a c c o u n t m u st be ta k e n  o f th e  equ ilib ria  
a t ta in e d  b o th  in a n d  a f te r  th e  en d -p o in t. T h e  equ ilib rium  in th e  en d -p o in t is 
g iven  b y  th e  e q u a tio n :

A B [85K r] +  M C ^ A C  +  M +  B +  85K r . (8)

(F o r th e  sake of sim p lic ity , th e  ra d io a c tiv e  k ry p to n a te , A B [85K r] , will be d e 
n o te d  in  th e  fo llow ing equations b y  A B .)

In  th e  ca lcu la tio n s, account is ta k e n  of th e  side reac tio n  o f M w ith  som e 
o th e r  an ion  X , p o ssib ly  p resen t in  th e  sy s tem , an d  also of th e  side reac tio n  
o f  C w ith  a ca tion , Z, possibly p re se n t in  th e  system . (In  p ra c tic a l in stan ces  o f 
t i t r a t io n s  a t vario u s p H  values d esc rib ed  up  to  now , m a in ly  h y d ro x y l ions 
w ere d ea lt w ith  as X , an d  hydrogen  ions as Z.)
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The equ ilib rium  c o n s ta n t is

[AC] [M] [B ] =  K ' K ,  

[MC] KÍ
(9)

K j can be ca lcu la ted  from  th e  values of K ( K s a n d  K 2.
These are  th e  s ta b ility  co n stan ts  an d  so lu b ility  p ro d u c t of th e  follow ing 

com plexes an d  p re c ip ita te , respec tive ly :

M C ^ M + C ;  K Í — - i MCJ K r (10)
[M '] [C '] a M (X ) • a C(Z)

A C - A  +  C; K ' -  [AC] K 2
(11)

[A '] [C '] a A (X ) ’ a C(Z)

j  A B ^ A  +  B ; K s = [A] [ B ] . (12)

F or th e  com plexes fo rm ed , th e  a p p a re n t s ta b ili ty  co n stan ts are ta k e n
in to  consideration .

In  th e  p reced ing  E q u a tio n s

[M '] =  [M ] +  [ M X ] + . . . [ M X „ ] (13)

a  _  [M ']
“ « < » -  [M] (14)

0  _  [M X]
'■ [M] [X ]-

(15)

a M (x )  =  1 +  [X ] ß x +  [X ]2/?2 + . .  . +  [ x ] n ßn (16)

a C(Z) =  1 +  [Z] ßx +  [Z ]2 ß 2 +  • • • +  [Z ]m ßm (17)

л . -  1 , к , - ™ ™ . '
k x - k 2 . . . k m [CZ]

(18)

( I f  Z =  H +, th e n  ßm is th e  s ta b il i ty  c o n s ta n t o f th e  p ro to n  ligand , i.e. th e  
rec ip rocal of th e  d issociation  c o n s tan t.)

In  order to  c a rry  o u t such  ti tra t io n s , th e  v a lu e  o f m u s t be as sm all as 
possib le, so th a t  in  th e  en d -p o in t R eaction  (8) in  th e  d irec tio n  o f th e  upper arrow  
shou ld  be negligible.
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A fte r  th e  en d -p o in t, E q u ilib riu m  (2) m u s t be considered . T h e  eq u ilib riu m  
c o n s ta n t  o f th is  re a c tio n  is:

K „  =
[AC] [B ] 

[C]
=  K S- K ' . (19)

F o r  th e  correct p erfo rm ance  of t i t r a t io n s  i t  is necessary  t h a t  c o n s ta n t K lr 
sh o u ld  b e  a value as h ig h  as possib le , in  o rd er th a t  R e a c tio n  (2) shou ld  be  
co m p le te  w ith  th e  excess of C.

T h e  function ing  o f  th e  A B [85K r] in d ic a to r  can also be  s tu d ie d  on th e  
basis  o f  its  so lub ility  p ro d u c t.

T h e  ap p a re n t so lu b ility  p ro d u c t o f  th e  in d ica to r is:

K i  =  [A '] [B ']  =  * a (C )  • < * B (H ) ‘ K s , (20)

w h ere  K $ is th e  o rig inal so lu b ility  p ro d u c t o f th e  in d ica to r  A B ; [A’], [B ’] a n d  
а д ( с > ,  o c B (H )  are as g iven  p rev iously .

A ccordingly, in  a ca lcu la tion  o f  th e  ap p a re n t so lu b ility  p ro d u c t o f in 
d ic a to r  A B, th e  fu n c tio n in g  of th e  in d ic a to r  is in te rp re te d  as th e  side reac tio n  
o f io n  A  in th e  p resence  of com plex ing  ag en t C. In creased  so lu b ility  an d  th e  
h ig h e r  va lu e  of th e  a p p a re n t so lu b ility  p ro d u c t are due to  th e  fa c t t h a t  th e  
c o m p o n en t ( titra n t)  reac ts  w ith  one o f  th e  com ponents o f  th e  p rec ip ita te . 
T h e  m ore  stab le  th e  com plex th u s  fo rm ed , th e  h ig h er th e  so lu b ility  o f 
th e  in d ica to r.

T he function ing  o f th e  in d ic a to r  is sa tis fac to ry  w hen th e  so lu b ility  of th e  
p re c ip ita te  is en h an ced  a b ru p tly . P e rc e p tib ility  of a change in  th e  so lu b ility  
is a fu n c tio n  of th e  decrease of th e  a c t iv i ty  of th e  in d ic a to r  A B [85K r].

The selection and application o f radioactive kryptonate indicators

T he p rac tica l ap p lica tio n  o f  th e  th eo re tica l re la tio n s  d iscussed  will be  
d e m o n s tra te d  on th e  exam ple o f th e  rad io ch e la to m etric  d e te rm in a tio n  o f  
th e  ions Ca2+, Mg2T, an d  Sr" \

F o r th e  rad io m e tric  t i t r a t io n  o f C a2+, Mg2+, a n d  S r2+ ions, inso luble  
co m p o u n d s of such m e ta l ions w hich  g ive com plexes o f a low er s ta b ili ty  w ith  
E D T A  m igh t be considered  su itab le . T ak in g  accoun t o f th e  s ta b il i ty  co n stan ts  
o f  th e  E D T A  com plexes of th e  th re e  ions (log К  for CaY2 - is 10.7, for MgY2^ 
i t  is 8.7, and  for S rY 2~  8 .6 ), on ly  A g T a n d  Ba~ r ions a re  su ita b le  as th e  m e ta l 
co m p o n en t of th e  in d ic a to r  (log К  fo r A gY 3 - is 7.3, fo r B aY 2- i t  is 7.7). O f 
th e se , silver is th e  choice, in  th e  fo rm  o f silver iodate  p re c ip ita te , for th e  fo l
low ing  reasons:
— th e  so lub ility  ex p o n en t of s ilver io d a te  is 7.3, as re q u ire d  on th e  basis o f 
w h a t has been s ta te d  above;
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— an  A g I0 3[85K r] k ry p to n a te  o f  re la tiv e ly  h igh specific a c tiv ity  can be  p re 
p a re d  b y  th e  diffusion m e th o d  [ 1 ];
— th e  s ta b ility  in  w a te r  o f th e  A g I0 3[85K r] inclusion com p o u n d  is h igh  (its  
a c tiv ity  does n o t decrease).

F o r a t i t r a t io n  o f Ca2 , M g2 , a n d  Sr2+ ions in  th e  p resence  o f A g I 0 3 

[85K r] k ry p to n a te  in d ic a to r  th e  d e te rm in a tio n  of th e  o p tim u m  p H  is ab so lu te ly  
necessary . T herefo re , we h av e  ca lc u la ted  th e  a p p a re n t s ta b ili ty  co n s ta n ts  as

F ig. 4. L ogarith m s of th e  a p p a re n t s ta b ili ty  c o n s tan ts  of th e  E D T A  com plexes of Ca2+ a n d
A g +, as a fu n c tio n  of th e  pH

a fu n c tio n  of th e  p H  fo r th e  E D T A  com plexes of Са2т, S r2+, M e2'  , an d  Ag 
ions [6 ] (cf. Fig. 4).

As com pared  w ith  Ag ions, i t  is m a in ly  in  th e  case o f Ca 2 ions th a t  a 
re la tiv e ly  large difference is found  in  th e  s ta b ility  co n stan ts  a t  p H  values 9.5  
to  10. In  th e  case of Mg2+ an d  Sr2T ions th e  s itu a tio n  is n o t q u ite  so a d v a n ta 
geous, nevertheless th e  s ta b ility  d ifferences found  here  s till allow  ti tra t io n s  to  
be carried  o u t [7].

T he fu n c tio n in g  o f th e  A g I0 3 [85K r] in d ica to r  in  th e  en d -p o in t is d e te r 
m ined  b y  th e  equ ilib rium

A g I0 3 [85K r] +  CaY2+ ^  A gY 3~ +  Ca2+ +  Ю Г  +  85K r (21) 

of w hich th e  equ ilib rium  c o n s ta n t is

К  =  [ A A 3~] [Ca2+] [ IO j]  _  K AgY • K S(Aglo8)
[C aY 2 - ] ~ K caY
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w here

K k gY =

K S(Ag.o3) = [ A g +] [ I 0 3-] =  1 0 -^

------  and K 'C a y  =  -------KcaY------
^ A g ( O H )  • a Y ( H )  a C a ( O H )  ‘ a Y ( H )

(23)

(24)

I f  th e  values a t  p H  =  10 (from  Fig. 4) o f K)sgY an d  K caY a re  in tro d u ced  in to  
th e  expression fo r c o n s ta n t K j, we g e t: K i «=* 10—10.

The value c a lc u la ted  show s th a t  a t  p H  =  10 th e  sh if t o f E qu ilib riu m  (21) 
in  th e  d irection  o f  th e  u p p e r arrow  is neglig ib le an d , acco rd ing ly , du ring  a

F ig . 5. A p p aren t so lu b ility  p ro d u c ts  of A g I 0 3 in  E D T A  so lu tions o f  v a rio u s co n cen tra tio n s ,
as a fu n c tio n  of th e  p H

t i t r a t io n  w ith  E D T A  th e  in d ic a to r  A g I0 3 [85K r] does n o t  beg in  to  dissolve to  
a n y  sign ifican t deg ree , if  th e re  are  t i t r a ta b le  Ca r  ions s till p re se n t in  th e  so lu 
tio n . A fter th e  e n d -p o in t, R eac tion  (5) becom es p re d o m in a n t, w hose equ ilib rium  
c o n s ta n t is

K „  =
[AgY3~] [IO 3 ]

[У 4“ ]
=  K s - K ; gY. (25)

I f  th e  value a t  p H  =  10 of K AgY (from  F ig . 4) is s u b s ti tu te d  in to  E q u a tio n  
(25) th en  K n ^  1- T h is shows th a t  a t  p H  =  10 E q u ilib riu m  (5) is com pletely  
sh ifted  in th e  d irec tio n  o f th e  u p p e r a rro w , i.e. th e  A g I0 3 p rec ip ita te  will 
com plete ly  be d isso lved  in  th e  excess o f E D T A .

In  o rder to  f in d  o u t th e  p H  v a lu e  m ost su itab le  fo r th e  function ing  of 
th e  ind ica to r, a n d  to  see how  th is  is in flu en ced  b y  th e  co n cen tra tio n  o f th e  
t i t r a n t ,  we h a v e  ca lcu la ted  th e  a p p a re n t so lu b ility  p ro d u c t of A g I0 3 for 
v a rious co n cen tra tio n s  o f E D T A  as a fu n c tio n  of th e  p H  [ 6 ]:

K s ( A g I 0 3) =  10 - 7-3 0CAg(Y ) • a 1 0 3( H )  (26)
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w here

aAg(Y) =  1 +  [Y] KAgY =  1 +  [—— Lj . KAgY . (27)
l  a Y (H ) J

T h e ca lcu la tions h av e  been carried  o u t  fo r [Y 'J =  10- 2 , 10-3 , a n d  1 0~ 4 M  
co n cen tra tio n s  o f th e  E D T A  so lu tio n ; th e  re su lts  are lis ted  in  F ig . 5.

T his figure shows th a t  a t  p H  =  10 chosen  for th e  t i t r a t io n , th e  solubility- 
p ro d u c t changes b y  several orders o f m a g n itu d e  in th e  case o f all th e  th re e  con
c e n tra tio n s  of E D T A . Fig. 5 also show s t h a t  a t  lower co n cen tra tio n s o f E D T A  
th e  in itia l p H  o f th e  solu tion  is h ig h e r. W h en  th e  conditions o f a t i t r a t io n  are  
se lec ted , th is  m u st defin ite ly  be ta k e n  in to  account.

[ m l ]

F ig . 6. C hange of a c tiv ity  o f th e  A g I0 3[85K r]  k ry p to n a te  in d ica to r d u rin g  th e  a d d itio n  o f
a 10-2  M  s o lu tio n  o f ED TA

B y w ay  of illu s tra tio n , Fig. 6 show s th e  decrease o f a c tiv ity  o f A g I0 3 
[85K r] as a fu n c tio n  of th e  q u a n tity  a d d e d  o f a H P 2 M  so lu tion  o f E D T A .

In  th e  m an n e r described, a s tu d y  h as  been m ade of th e  feas ib ility  of 
e s tim a tio n s  o f F e 3+ an d  N i2+. F e3+ w as dete rm in ed  [3] w ith  E D T A  in  th e  
p resen ce  o f th e  k ry p to n a te  in d ic a to r  Y 2(C20 4)3[85K r], an d  N i2+ w as t i t r a te d  
w ith  K C N  [4] in  th e  presence of A g I[85K r] .

SU M M A R Y

T h e  a p p lica tio n  of rad io ac tiv e  k ry p to n a te s  as com plexom etric  in d ic a to rs  is d iscussed . 
F a c to rs  govern ing  th e  su itab ility  o f a ra d io a c tiv e  k ry p to n a te  in d ic a to r a re  m en tio n ed . T he 
e q u ilib r ia  o b ta in e d  b o th  in and  a f te r  th e  e n d -p o in t, w hich  are ch arac te rized  b y  th e  a p p a re n t 
s ta b il i ty  c o n s tan ts  and  th e  so lub ility  p ro d u c t, re sp ec tiv e ly , o f th e  com plexes an d  th e  in d ic a to r 
p re se n t in  th e  sys tem , m u s t be  ta k e n  in to  a c c o u n t w hen  selecting th e  in d ic a to r  fo r u se . T he 
a p p lic a tio n  of th e  th eo re tica l re la tio n s is i l lu s t r a te d  on  a p rac tica l exam ple , u sing  A g I 0 3[85K r] 
in d ic a to r  a n d  s tu d y in g  its  function ing . T h e  d e te rm in a tio n  of Ca2+ ions w ith  E D T A  in  th e  
p resen ce  o f A g I 0 3[85K r] is described.

3 Acta Chim. Acad. Sei. Hung. 57, 1968



274 T Ö L G Y E 3 3 Y  e t  a l.:  A P P L IC A T IO N  O F  R A D IO A C T IV E  K R Y P T O N A T E S

R E F E R E N C E S

1. T ö lg y e ssy , J . ,  Va rg a , S ., J e s e n á k , V., H ro ncová , D .: Chem . zv esti ( In  th e  press)
2. T ö lg y e ssy , J . ,  J e s e n á k , V ., Varga , S., H ro ncová , D .: Chem . zv es ti ( In  th e  press)
3. T ö l g y e ssy , J . ,  J e s e n á k , V ., Varga , S., S il e s , B .: Iso to p e n te ch n ik  ( In  th e  press)
4. T ö lg y essy , J . ,  Va rg a , S ., J e s e n á k , V.: Iso to p e n te ch n ik  (In  th e  press)
5. B r a u n , T ., Ma x im , I . ,  G a l a t e n a u , I .:  N a tu re , 182, 936 (1958)
6. B r a u n , T .: Thesis, B u d a p e s t,  1966
7. Flaschka, H .: T a la n ta  8 , 381 (1961)

J u ra j  T ö l g y e s s y  

T ib o r B r a u n  

S te fa n  V a r g a

B u d a p e s t, V III .  M úzeum  k r t .  4/b

A da Chim. Acad. Sei. Hun%. 57, 1968



FORMATION, THERMAL DECOMPOSITION AND 
STRUCTURE OF THE SYSTEM U 0 3-H 20 , III

T H E R M A L  D E C O M PO S IT IO N  O F  /З-ЛОз • 2 H 20  P R O D U C E D  FR O M  y-U O s 

Z. P o k ó , M. F o d o r  an d  E . S z a b ó

(C entral Research In stitu te  fo r  Physics, B udapest)

R eceived  J u n e  9, 1967

In tro d u c tio n

In v estig a tio n s  o f th e  system  U 0 3- H 20  h av e  led  to  th e  p re p a ra tio n  o f 
u ran iu m  tr io x id e  h y d ra te s  d iffering from  one a n o th e r in  com position  an d  m o d i
fica tio n . T he d ifferences h av e  been a t t r ib u te d  to  b o th  th e  s ta r tin g  com 
p o u n d  and  th e  cond itions used in th e  ex p erim en ts . A special p rob lem  in th e  
s tu d y  o f th is  sy stem  is th a t  th e  one am o rp h o u s an d  six  c ry sta llin e  (a-, ß-, y -, 
6-, s an d  C) m od ifica tions o f u ran iu m  tr io x id e  have  been  observed  to  th e  
p re se n t tim e , w hich are d iffe ren t, even in  th e ir  b eh av io u r on h y d ra tio n . O ne 
o f  th e  m ost in te re s tin g  o f th ese  m od ifica tions is th e  y -U 0 3 m o d ifica tion .

y -U 0 3 can he  p roduced  from  u ra n y l n i tr a te  h e x a h y d ra te  b y  th e rm a l 
decom position  [1 —11], or from  U30 8 an d  am orphous or o th e r  c ry sta llin e  form s 
o f  u ra n iu m  tr io x id e  [2, 12, 13] h e a te d  u n d e r  pressu re  in  oxygen . T he com posi
tio n , colour an d  form  of th e  p ro d u c t w as fo u n d  to  v a ry  w ith  th e  d iffe ren t e x 
p e rim en ta l conditions.

T he th e rm a l s ta b ility  an d  th e  decom position  in a ir  o f various m o d ifi
ca tio n s o f u ran iu m  trio x id e  w ere firs t s tu d ie d  b y  H o e k s t r a  an d  S i e g e l  [2]. 
I t  w as th e  y -U 0 3-ty p e  th a t  in  these  ex p erim en ts  needed  th e  h ig h est te m p e ra 
tu r e  (~ 6 9 0 °C ) to  becom e con v erted  in to  U30 8. C onsequen tly , y -U 0 3 w as 
su p p o sed  to  be th e  m ost s tab le  of th e  U 0 3 m odifications [7, 8]. T here  is, how 
ev er, a sligh t difference betw een  th e  re p o rte d  values o f th e  tra n sfo rm a tio n  
te m p e ra tu re .

C om plete in v estig a tio n s o f th e  s tru c tu re  h av e  been re p o rte d  only  fo r th e  
«- [14], d- [21] an d  y -U 0 3-ty p es, in  w hich th e  positions of th e  oxygen a to m s, 
how ever, a re  given on ly  on th e  basis o f sp a tia l considera tions. T he in te rp re ta 
tio n  o f  th e  X -ra y  d iffrac tio n  d a ta  for y -U 0 3 is fa r  from  being  un ifo rm , a n d  
o rth o rh o m b ic  [22, 26], m onoclinic [6, 23] p seu d o te trag o n a l [24] an d  te tra g o n a l 
[25] s tru c tu re s  h a v e  been suggested  as a lte rn a tiv e s . T he v a r ie ty  of th ese  su g 
gestions is considered  b y  som e au th o rs  [26] to  be due to  th e  d iffe ren t tech n iq u es  
ap p lied  for th e  p ro d u c tio n  of y -U 0 3.

In  m ost of th e  u ran iu m  com pounds h e x av a len t u ra n iu m  is p re sen t as 
a c o n s titu e n t o f an  u ra n y l group . T hough th e  s tru c tu re  o f u ra n y l com pounds
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has a lre a d y  been e x ten s iv e ly  in v es tig a ted  [2, 14 — 20], th e  ty p e  o f bond ing  in  
U (V I) ox ides is n o t y e t  fu lly  know n. T h e  ex istence  of u ra n y l groups is d ifficu lt 
to  recognize from  th e  I R  sp ec tra , an d  fu ll in te rp re ta tio n  o f  th e  d ifferen t b an d s

T able  I

R e v ie w  o f  th e  c o m p o s it io n s  a n d  m o d ific a tio n s  o f  U 0 3 • 2 H 20  p r o p o s e d  b y  d i f fe r e n t  a u th o rs

Authors Technique Modification Composition

HÜTTIG, SCHROE-
DER [29] chem ical U 0 3 • 2HoO H 2U 0 4 • H 20

V ie r  [27] m icroscopic 
(X -ray  d iffraction)

a - U 0 3 • 2 H 20  
ß -V O s ■ 2 H 20

—

D a w son , W a it , [6] 
Alcock , Ch ilto n

therm ograv im etric  
X -ra y  d iffraction

U 0 3 • 2 H 20 —

P rotas [34] therm ograv im etric  
diff. therm oanaly tical

schoepite I 
U 0 3 • 2 H 20 U 40 9(0 H )6 • 5 H 20

Ge n t il e , T a lley , 
Collopy  [35]

chem ical U 0 3 • 2 H 20 H 2U 0 4 ■ H 20

Ch r ist , Cla rk  [37] X -ra y  d iffraction schoepite I  
[ß -V 0 3 • 2 H 20 ] U 0 2(0 H )2 ■ H 20

D ea n e  [39] I R  spectroscopy U 0 3 -2H20 U 0 2(0 H )2 • H 20

P o r te , Gu to w sky , 
B oggs [28]

X -ray  d iffraction 
p ro to n  m agnetic  re 

sonance

a - U 0 3 • 2 H 30  
/S-U03 • 2 H 20 U 20 5(0 H )2 • 3 H 20

Schw arzm ann , 
Gle m ser  [40]

IR  spectroscopy 
p ro to n  m agnetic  reso

nance U 0 3 • 2 H ,0 U 0 2(0 H )2 • H 20

R o d e , Golovleva 
K u zn etso v ,
K ozmin  [30]

X -ra y  d iffraction 
therm ograv im etric ,6-иОз • 2 H 20 [/?-U 02(0 H )2 • H 20 ]

W h e e l e r , D e l l ,
W a it  [10]

diff. th erm oanaly tical 
(X -ray  d iffraction)

a -U 0 3 • 2 H 20  
/S-U03 • 2 H 20 —

D e h e t s , L o opstra [36] X -ra y  diffraction /?-U 03 ■ 2 H 20 H 2U 0 4 ■ H 20

L o n a d ie r , B oggs [38] isotopic exchange 
X -ra y  d iffraction 
p ro to n  m agnetic  reso

nance

a-UOg • 2 H .0  

/S-U03 ■ 2 H .0

U O (O H )4 ? 

U 20 5(0 H )2 • 3H 20

F o do r , P okó ,
Szabó [32] 

F o do r , P okó,
M in k  [33]

d eriva tog raphy  

I R  spectroscopy

a - U 0 3 ■ 2 H 20 [U 30 7(0 H )4 • 2 H 20 ] 2 H 20
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h as n o t y e t b een  a tte m p te d . N evertheless, th e  sp e c tra  a re  useful for th e  id e n 
tifica tion  of th e  d iffe ren t p h ases .

Sim ilarly  to  th e  co m p lex ity  o f th e  u ran iu m  tr io x id e  phases, th e  sy s tem  
U 0 3- H 20  also p re sen ts  a n u m b e r o f  problem s. D ep en d in g  on th e  s ta r tin g  m a te 
r ia l and  th e  g iven  ex p erim en ta l cond itions ( te m p e ra tu re , p ressure, e tc .), th e  
com position a n d  s tru c tu re  o f  th e  “ h y d ra te ”  ph ase  m a y  v a ry  from  p ro d u c t to  
p ro d u c t. A m ong th e  m odifica tions observed to  d a te , th e re  are tw o ty p e s  o f  
u ran ium  tr io x id e  d ih y d ra tes  (a- a n d  ß-) a t  leas t fiv e  ty p e s  of m o n o h y d ra te s , 
U 0 3 • 0 .8H 2O, (oc-, ß-, y-, Ö a n d  £-), an d  a h e m ih y d ra te  of th e  com position  
U 0 3 • 0 .5H 2O.

The h y d ra tio n  o f u ran iu m  triox ides in w a te r  o r w a te r  v ap o u r a t  room  
tem p era tu re  u su a lly  yields a com p o u n d  th a t  can  be  described  b y  th e  fo rm ula  
U 0 3 • 2 H 2O .T h e  d ih y d ra te s  o b ta in e d  from  d iffe ren t ty p e s  of u ran ium  tr io x id e  
are  seen to  h a v e  d iffering p ro p ertie s .

The d a ta  lis te d  in  T ab le  I  show  th a t  th e  n u m ero u s  investig a tio n s of 
u ran ium  trio x id e  d ih y d ra te  p erfo rm ed  b y  vario u s physico-chem ical m e th o d s 
resu lted  in d iffe ren t form ulas for th e  descrip tion  of th e  com position  a n d  s tru c 
tu re  of the  d ih y d ra te . The m a jo r ity  of th e  resu lts  in d ic a te s , how ever, th e  p re s 
ence of h y d ro x y l g roups besides th e  w a te r m olecules, a n d  even possible h y d ro 
gen bond  fo rm a tio n . The com p o u n d  is considered b y  som e au th o rs  as u ran ic  
acid  m o n o h y d ra te , o r u ran y l h y d ro x id e  m o n o h y d ra te , w hile o thers suggest a 
d im eric, or even po lym eric  com plex  s tru c tu re .

P roper e v a lu a tio n  of th e  ex p e rim en ta l d a ta  is d ifficu lt because a com ple te  
s tru c tu ra l analysis  o f U 0 3 • 2 H 20  has n o t y e t  b een  rep o rted . A p a rt from  
P o r t e  et. al. [ 2 8 ] ,  au th o rs  [6 , 9 ,  1 0 ,  3 0 , 3 4 ,  3 7 ]  h a v e  b een  unab le  to  id e n tify  
tw o form s from  th e  X -ray  d iffrac tio n  p a tte rn s , since th e  sca tte rin g  pow er of 
oxygen  atom s is m ask ed  b y  th a t  o f  th e  m uch h e a v ie r  u ran iu m  atom s. This 
fac t, com bined w ith  large ra d ia tio n  abso rp tio n  a n d  p o o r c ry sta lliza tio n , causes 
a su b stan tia l e rro r in  th e  d e te rm in a tio n  of th e  p o sitions o f th e  oxygen a tom s. 
T he u n it cell is u su a lly  tak en  to  be  o rtho rhom bic  w hich  corresponds to  / ? - U 0 3 • 

• 2 H 20  accord ing  to  V i e r ’s  cry sta llo g rap h ic  d e te rm in a tio n .
The resu lts  o b ta in e d  b y  o th e r  experim en ta l m e th o d s  ind ica te  th e  fo rm a 

tio n  o f two ty p es o f  d ih y d ra te  [10, 27, 38]. The d ih y d ra te  o b ta in ed  from  y -U 0 3 
is generally  considered  to  he th e  /?-U 03 • 2H 20 - ty p e  described  b y  V i e r ,  w hile 
th e  o th e r is re g a rd e d  as a -U 0 3 ■ 2 H 20 .

T h erm o g rav im etry  an d  d iffe ren tia l th e rm o an a ly s is  of u ran iu m  tr io x id e  
d ih y d ra te  has b een  rep o rted  b y  v a rio u s  au th o rs , b u t  w ith  d isc repan t re su lts  
on th e  process o f decom position . D a w so n  et al. [6] o b se rv ed  th a t  th e  rem oval 
o f  th e  w ater c o n te n t from  th e  d ih y d ra te  occurred  in  tw o  steps involv ing  th e  
fo rm atio n  of an  in te rm e d ia te  p h ase  described as U 0 3- 0 .8 H 2O, w hereas P ro- 
t as  [34] concluded from  th e  re la tiv e  w a te r losses th e  ex is ten ce  of a U 40 9 (O H )6‘ 
•5 H 20  phase. W h e e l e r  et al. [10] observed  th a t  /?-U 03- 2H 20  p ro d u ced
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from  y-UOg decom posed a t  low er te m p e ra tu re s  th a n  th e  « -m o d ifica tio n , w hich 
seem s to  b e  m ore s tab le . T h is is con firm ed  b y  th e  fac t th a t  th e  /3-m odification 
is c o n v e rte d  in to  oc-U03- 2 H ,0  b y  boiling  fo r 15 m inu tes in  w a te r  a t  100° C.

Experim ental results

T h e  p roperties o f  th e  system  U 0 3—H 20  w ere in v es tig a ted  b y  analyzing  
f irs t  th e  th e rm a l d ecom position  of d iffe ren t u ran iu m  tr io x id e  m odifica tions 
p ro d u c e d  b y  various m e th o d s , th e n  th e  h y d ra tio n  an d  hydro lysis  processes of 
th e  sam e  p roducts, a n d  fin a lly  b y  s tu d y in g  th e  th e rm a l decom position  of th e  
h y d ro ly s is  p roducts. P a ra lle l w ith  th e  th e rm o g rav im etric  m easu rem en ts , th e  
in f ra re d  spectra  of th e  ox ides, h y d ra te s  a n d  th e rm a l decom position  p ro d u c ts  
o b ta in e d  in  th e  ex p erim en ts  w ere also s tu d ied .

I t  has been show n b y  o u r earlie r d e riv a to g rap h ic  an d  I R  spectroscopic  
e x p e rim e n ts  [31 — 33] t h a t  from  b o th  th e  am orphous an d  th e  /З-ty p e  U 0 3 th e  
sam e <x-U03 • 2 H ,0  p ro d u c t is o b ta in ed . T he p roperties a n d  s t ru c tu re  of th is 
d ih y d ra te , as in ferred  fro m  th e  e x p e rim e n ta l d a ta , are d iffe ren t from  those 
re p o r te d  in  th e  l i te ra tu re .

I n  th e  p resen t p a p e r  th e  resu lts  o f th e  experim en ts on th e  sy s tem  y -U 0 3-  
H 20  a re  sum m arized . O n th e  h y d ra tio n  o f y -U 0 3 a d ih y d ra te  o f /3-U 03-2 H 20  
ty p e  is form ed. The ex is ten ce  o f th is  m od ifica tion  has n o t y e t  b een  defin ite ly  
p ro v e d , an d  little  is k n o w n  a b o u t its  p ro p ertie s . The d e riv a to g rap h ic  experi
m e n ts  rep o rted  here  c lea rly  show  th e  d ifferences betw een  th e  tw o  d ih y d ra te  
m o d ifica tio n s , and  y ie ld  m ore  a c cu ra te  in fo rm atio n  ab o u t th e  p a r tic u la r  fea
tu re s  o f  th e  /3-U03 • 2 H 20 - ty p e  d ih y d ra te .

T h e  th e rm o g rav im e tric  in v es tig a tio n s  w ere perform ed w ith  th e  use of 
a D e riv a to g ra p h  deve loped  b y  F . P a u l ik , J .  P a u l ik  an d  L. E r d e y  [41]. The 
s im u ltan eo u sly  p lo tte d  d iffe ren tia l th e rm o g rav im e tric  (D TG ), th e rm o g ra v i
m e tr ic  (TG) and  d iffe re n tia l th e rm o a n a ly tic  (DTA) d a ta  o b ta in a b le  from  th e  
d e riv a to g ra p h  p e rm it th e  analysis o f  th e  overlapp ing  p rocess; th is  affords a 
b e t te r  in sig h t in to  th e  processes in v o lv ed  in  th e  th e rm a l d ecom position  of th e  
u ra n iu m  triox ides a n d  th e ir  h y d ra te s .

B efore th e rm o g ra v im e tric  an a ly sis , th e  com position  o f each  p ro d u c t 
w as estab lish ed  b y  d e te rm in in g  th e  ig n itio n  losses, using th e  c o n v en tio n a l te c h 
n iq u e  o f  h ea ting  th e  sam p le  a t  800° C in  a ir  fo r 2 hours to  y ie ld  U 30 8. F o r th e r 
m o g ra v im e try , sam ples o f  th e  sam e u ra n iu m  co n ten t (2 m m ole U 0 3 ■ x H 20  =  
=  0 ,57  — 0,64 g) w ere u sed . A h e a tin g  ra te  o f 4.5° С/m in. w as ap p lied  in th e  
ex p e rim en ts .

Preparation and therm al decomposition of y -U 0 3

T h e y -U 0 3 sam p les  used  fo r th e  s tu d y  of th e  system  y -U 0 3—H 20  were 
p re p a re d  b y  s im u ltan eo u s  th e rm a l d eh y d ra tio n  and  d e n itra tio n  o f u ran y l 
n i t r a te  h ex ah y d ra te .
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T he u ran y l n i t r a te  h e x a h y d ra te  w as f irs t  pu rified  b y  t r ib u ty l  p h o sp h a te  
e x tra c tio n  an d  rec ry s ta lliz a tio n  [42]. F o r th e rm a l decom position  th e  q u a rtz  
cy lin d er show n in Fig. 1 w as used . T he d ism o u n tab le  q u a rtz  cy linder is en tire ly  
closed a t  one end  a n d  has a g round  h ead  w ith  tw o holes, one for th e  tu b e  
p ro tru d in g  in to  th e  d e n itra tin g  vo lum e, th e  o th e r for th e  o u tle t tu b e  p ro v id ed  
fo r th e  c ircu la tion  an d  e x h a u s t o f th e  v ap o u rs  an d  gases, re sp ec tiv e ly . T he 
dev ice  is su itab le  fo r th e  sim u ltan eo u s p ro d u c tio n  of tw o  U 0 3 m odifica tions. 
P a ra lle l w ith  th e  p ro d u c tio n  o f y -U 0 3 one can o b ta in  from  U30 8 an  e-type 
u ra n iu m  tr io x id e  w hich is fo rm ed  due to  th e  presence o f th e  n itro g en  oxides

Fig. 1. D e -n itra tin g  device. 1. Q u a rtz  cy linder. 2. Q u a rtz  vessel. 3. C eram ic su p p o rt. 4. T h er
m oelem en t. 5. F u rn ace

p ro d u ced  du ring  th e  process. T he cry sta llin e  u ra n y l n i t r a te  h e x a h y d ra te  an d  
th e  U30 8 w ere p laced  in  tw o  q u a rtz  vessels in tro d u ced  in to  th e  cy lin d er in 
a d ja c e n t positions. T he w hole assem bly  was th e n  h e a te d  in  a fu rn ace  a t 
co n tro lled  te m p e ra tu re .

T he ra te  of h e a tin g  fro m  200° to  350° C was a b o u t 1° C/m in. T he y -U 0 3 
th u s  o b ta in ed  was pu lv erized . B o th  m odifica tions were k e p t for 1 h o u r  a t  400° C 
to  rem ove  an y  possible m o is tu re  or n i t r a te  co n tam in a tio n , an d  w ere fina lly  
s to re d  in  an  exsiccato r over silicagel.

T he n itro g en  c o n te n t, ign itio n  loss, in fra red  sp ec tru m  an d  d e riv a to g ram  
w ere d e te rm in ed  for each p ro d u c t. T he n itro g en  co n ten t o f th e  y -U 0 3 p ro d u c t 
w as d e te rm in ed  as ^ 0 .0 3 %  b y  th e  m odified  sem i-m icroana ly tica l m e th o d  
o f K je ld ah l. T he in fra red  sp ec tru m  o f th e  sam ple agreed  w ith  th a t  re p o rte d  b y  
H o e k s t r a  for th e  y -U 0 3 m od ifica tion  [2].

T he d e riv a to g rap h ic  in v es tig a tio n  show ed th a t  y -U 0 3 tra n sfo rm s  to  
u 3o 8 in  a single s tep . T h e  com plete  d e riv a to g ram  of y-U O a is to  be seen in 
F ig . 2. T he D TG  curve  show s th a t  one oxygen  loss s ta r ts  a t  665°, th e re  r a te  of 
w eigh t loss being  h ighest a t  685°, an d  oxygen  is fu lly  rem oved  a t  a b o u t 715° C. 
T he D T A  curve  proves th is  oxygen  loss to  he an  en d o th e rm ic  process. The 
c h a ra c te ris tic  te m p e ra tu re  o f th e  D TA  p eak  coincides w ith  th a t  o f th e  D TG

Acta Chim. Acad. Sei. Hung. 57, 1968



280 POKÓ et al.: SYSTEM U 03—H 20 , III.

p e a k . B y  analyzing  th e  d e riv a to g ram  it  can  be  e s tab lish ed  th a t  th e  y -U 0 3-ty p e  
is less hygroscopic th a n  th e  /З-ty p e  an d  am orphous U 0 3, b u t  becom es s to ich io 
m e tr ic  only im m ed ia te ly  befo re  tra n sfo rm a tio n . y -U 0 3 w as fo u n d  to  req u ire

•c

F ig. 2. D e riv a to g ram  o f y -U 0 3

th e  h ighest te m p e ra tu re  for tran sfo rm in g  to  U30 8, co m p ared  w ith  th e  o th e r  
ty p e s  used in  th e  p re se n t in v estig a tio n s. T h is is in  ag reem en t w ith  th e  l i te ra ry  
d a ta  show ing y -U 0 3 to  he of th e  h ighest th e rm a l s ta b ili ty  am ong th e  u ran iu m  
trio x id es .

Thermal decom position o f the hydrolysis products o f y -U 0 3

W hen y -U 0 3 p ro d u ced  from  u ran y l n i t r a te  h e x a liy d ra te  is h y d ra te d  or 
h y d ro ly zed  in  w a te r , sy s te m a tic  changes a re  observed  in  th e  d e riv a to g ram s 
o f th e  sam ples. T hese  changes d iffer to  som e e x te n t from  th e  p henom ena o b 
se rv ed  w ith  th e  h y d ra te s  o b ta in e d  from  am o rp h o u s a n d  /3-U 03 [33].

E qua l a liq u o ts  o f y -U 0 3 w ere p laced  in to  w eighing b o ttle s  w ith  a g round  
lid , and  h y d ro ly zed  in  d istilled  w a te r a t  room  te m p e ra tu re , u n d er c o n s ta n t 
a g ita tio n , for v a ry in g  periods. In  c o n tra s t w ith  th e  /3-, o r th e  am orphous
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v a r ie ty , th e  com plete  hydro lysis o f  y -U 0 3 ta k e s  a long tim e  (a b o u t 3 d ay s), 
p ro b a b ly  because o f th e  sm aller specific  su rface ( ~ 3 m 2/g) o f th is  ty p e .

T he ign ition  loss, th e  d e r iv a to g ra m  an d  th e  in fra red  sp ec tru m  w ere 
d e te rm in ed  for each  p ro d u c t.

T he D TG  curves show n in F ig . 3 w ere p lo tte d  for th e  h y d ra te s  o b ta in ed  
a f te r  d ifferen t periods of hyd ro lysis .

°C
F ig . 3. D ifferen tia l th erm o g rav im etric  c u rv es  fo r y-U O j and its  h y dro lysis p ro d u c ts
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T h e analysis of th e  D T G  curves show s th a t ,  c o n tra ry  to  th e  observa tions 
m ade on  th e  h y d ra te s  o f  ß- an d  am orphous U 0 3, th re e  ty p e s  of w a te r loss occur 
in a n y  y-UOg h y d ra te , even  in  th a t  co n ta in in g  th e  m in im um  q u a n tity  o f w a te r. 
T hese processes are s im ila r in  n a tu re  to  th e  w a te r  rem oval, on th e rm a l decom 
p o sitio n , from  th e  p ro d u c ts  o f h igher w a te r  c o n te n ts . T he d ifferen t processes, 
h o w ev er, overlap  in  tim e . T he shape o f th e  D T G  curves, for increasing ly  h y 
d ra te d  p ro d u c ts , in d ic a te  th a t  th e  f irs t  w a te r  loss s ta r ts  a t  40°, a tta in s  its  
m ax im u m  g rav im etric  r a te  a t  120°, an d  i t  is com ple ted  only a t  400°C. T he 
second  w a te r  loss s ta r ts  before  th e  te rm in a tio n  of th e  f irs t  one, an d  is m an i
fested  th ere fo re  only  b y  an  inflexion on th e  D T G  cu rv e . T he D TG  peaks a p 
p ea rin g  a t  160° an d  350°C correspond  to  th e  second a n d  th ird  d eh y d ra tio n  p ro ces
ses w hich  occur in  th e  te m p e ra tu re  ranges from  110° to  220°, an d  290 to  420C°, 
re sp ec tiv e ly . E ach  o f  th e  th ree  ty p es  of w a te r  rem oval is an  en d o th e rm ic  
process.

T h e  d e riv a to g rap h ic  analysis o f p ro d u c ts , o b ta in e d  b y  p a r tia l  h y d ra 
tio n  show s th a t  th e  d e h y d ra tio n  involves th re e  d iffe ren t processes in  b o th  th e  
in itia l a n d  th e  in c reasin g ly  h y d ra te d  p ro d u c ts .

Therm al decomposition o f /S-U03 • 2H 20

P rev ious in v e s tig a tio n s  h av e  show n th a t  th e  h y d ra tio n  of am o rp h o u s 
a n d  /S-U03 led to  th e  sam e oc-U03 • 2 H zO m od ifica tion  of id en tica l p ro p ertie s  
[32, 33]. The d e riv a to g ra m s of y -U 0 3 sam ples h y d ra te d  to  v a rious degrees 
a lre a d y  ex h ib it som e differences from  th o se  o f th e  co rrespond ing  h y d ra tio n  
p ro d u c ts  of am o rp h o u s a n d  /S-U03. A th o ro u g h  com parison  of th e  U 0 3 • 2 H 20  
h y d ro ly s is  end  p ro d u c ts  o f d iffe ren t origins p ro v id es  conclusive evidence co n 
ce rn in g  th e  d iffe ren t th e rm a l p ro p erties  o f th e  tw o  k in d s o f d ih y d ra te s .

In  order to  ach iev e  com plete h y d ra tio n  an d  hydro lysis , th e  am o rp h o u s 
a n d  th e  /S-U03 sam ples w ere left for a w eek, a n d  th e  y -U 0 3 sam ple fo r a w hole 
m o n th , to  hyd ro lyze  in  w a te r  a t  room  te m p e ra tu re . T hey  w ere su b se q u e n tly  
p rocessed  as described  ab o v e ; th e  а -ty p e  d ih y d ra te  w as found  to  be lig h t yellow , 
a n d  th e  /?-type of g reen ish  yellow  colour.

T h e  com plete  d e riv a to g ram  o f /5-U03 • 2 H 20  p roduced  from  th e  y -U 0 3 
m od ifica tion  is show n in Fig. 4, an d  th a t  o f th e  ос-ty p e  d ih y d ra te  is g iven fo r  
com p ariso n  in  Fig. 5.

I t  is a p p a re n t fro m  th e  tw o d e riv a to g ram s th a t ,  as th e  te m p e ra tu re  in 
c reases, tw o  w a te r m olecules are  lo st, in  th re e  d iffe ren t steps from  b o th  th e  ß-and  
а -ty p e  d ih y d ra tes . T h e  f irs t  d e h y d ra tio n  s tep  is m an ifested  b y  a m ere in flex ion  
a t  120°, while th e  tw o  fu r th e r  steps are  m ark ed  b y  defin ite  peaks a t  160° a n d  
350°C on th e  D TG  cu rves. C onsidering on ly  th e  changes in w eight a t  th e  in 
f lex io n  an d  th e  m in im a  on th e  D TG  cu rve , th e  d eh y d ra tio n  should  occur b y  
th e  successive loss o f  0.33, 1.0 an d  0.66 m oles o f w a te r. T he analysis o f th e  D T G
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curves for th e  y -U 0 3 p roduc ts h y d ra te d  to  d iffe ren t degrees, an d  also th e  
sh ap e  o f th e  D T G  curve for /?-U 03 • 2 H 20 ,  in d ica te  an  overlapp ing  o f th e  d e 
h y d ra tio n  processes. I t  can be seen from  th e  g rap h ica l analysis o f th e  D T G  
cu rv e , show n in  F ig . 6, th a t  th e  areas below  th e  d iffe ren t peaks are eq u a l. T h is 
m eans th a t  in  each  d eh y d ra tio n  s te p  0.66 m ole o f w a te r  is lost p e r U  a to m . 
E ach  of these  processes is en do therm ic . T hese o b serv a tio n s suggest th a t ,  like

X

F ig. 4. D e riv a to g ram  o f /?-U 03 • 2 H 20

X

F ig . 5. D e riv a to g ram  of a - U 0 3 • 2 H 20

th e  a -ty p e , /?-U 03 • 2 H 20  is n o t o f a m onom eric , b u t  o f  a tr im eric  or po ly - 
tr im eric  s tru c tu re . I f  th e  s tru c tu re  is tr im eric , th e  w a te r  loss is th o u g h t to  
be  tw o  m olecules p e r step ; th ese  w a te r  m olecules a re  p re se n t, how ever, in  
d iffe ren t b o n d in g  form s and  th e y  a re  u n lik e  in  bo n d  energy .

T he tw o d ih y d ra te  m odifications show  a qu ite  d iffe ren t th e rm a l deco m 
p o sition  a fte r  com plete  d eh y d ra tio n .

T he a -U 0 3 • 2 H 20 - ty p e  p ro d u c t w as seen to  tra n s fo rm  to  am o rp h o u s 
U 0 3 a t 5 0 0 °C a n d  f in a lly  to  decom pose in  tw o  steps to  U30 8. T he f irs t oxygen  
loss, occurring  a t  530°C and  resu ltin g  in an  in te rm e d ia te  U 0 289 fo rm , is an  
ex o th erm ic , an d  th e  second a t 630°C an  en d o th e rm ic  process. T he f irs t s te p  in 
volves 1/3, a n d  th e  second 2/3 of th e  to ta l  oxygen loss.
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T h e d e riv a to g ram  o f th e  /J-U 03 • 2 H 20  m odifica tion  in d ica tes  th e  fo r
m a tio n  o f an  U 0 3 p h a se  a t  400°C w hich  p e rs is ts  to  650°C. T h e  D TA  cu rv e  on 
th e  o th e r  h an d , rev ea ls  a p ro tra c te d  ex o th e rm ic  process in  th is  te m p e ra tu re  
w ith  a p eak  a t  490°C, b u t  involving no  ch an g e  o f w eight. T he in itia lly  orange- 
red  U O g-type p ro d u c t tu rn s  to  o live-g reen  d u rin g  th e  ex o th e rm ic  process.

F ig . 6. G raphica l an a ly sis  o f th e  d iffe ren tia l th e rm o g rav im etric  cu rves fo r a- and  jS-U03 •
• 2 H 20  sam ples

T hese  observa tions suggest a phase tra n s fo rm a tio n  occurring  in  th e  U 0 3 p ro 
d u ced  b y  th e  th e rm a l decom position  o f  th e  /З-type  d ih y d ra te . O11 co n tin u ed  
h e a tin g  th e  U 0 3 o b ta in e d  a t th e  h ig h e r te m p e ra tu re  is co n v erted  in to  U30 8 
in  a single en d o th e rm ic  s tep , in th e  ra n g e  6 5 0 —710°, w ith  a D T G p eak  a t  680° C.

T he th e rm a l decom position  p rocesses o f th e  tw o d ih y d ra te s  can he  d e 
sc rib ed  as follows:

(a, ß)V03 • 2HjjO
1 2 0 ° C

( 4 0 — 4 0 0 ” C )

— 0 . 6 6 H , O

U 0 3 - 1 .33H 20

1 6 0 ” C
( 1 1 0 — 2 2 0 ° C )

— 0 . 6 6 H . O

U03 • 0.66H2O
3 5 0 ° C

( 2 9 0 — 4 2 0 ° C )

— 0 . 6 6 H . O

Д . и о  (50°
5 3 0  C  

• 5 5 0 ^ C )

0 .1 1  a t o m  
o x y g e n

u o 2
6 3 0 ° C

( 5 8 0 — 6 9 0 ° C )

0 . 2 2  a t o m  
o x y g e n

U 0 2.f ,(U 30 8)

(O

№

L - >ДЮз
m

490-c
( 4 6 0  5 2 0 ° C )  U Q

e x o t h e r m i c
p r o c e s s

6 8 0 ° C
( 6 5 0 — 7 1 0  C )

0 . 3 3  a t o m

U O 2.07(U 3O8)

o x y g e n
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T he observed p henom ena su g g es t th a t  the  d iffe re n t p ro p erties  o f  th e  
a- a n d  /З-type  d ih y d ra te s  are due to  th e  presence of d iffe re n t u ran iu m -o x y g en  
bo n d s. Since th is  fa c t c a n n o t be d isce rn ed  b y  X -ray  d iffra c tio n , analysis, o th e r  
ex p erim en ta l evidence is requ ired .

Hydration o f the two U 0 3 phases produced from  /3-U 03.2 H 20

W e have  a lread y  seen  th a t  th e  U 0 3, ob ta ined  b y  th e rm a l decom position  
fro m  /3-U03 ■ 2H aO, undergoes a ph ase  tra n s fo rm a tio n  a t  e lev a ted  te m p e ra tu re s . 
T h e  tw o  U 0 3 phases b eh av e  d iffe re n tly  on h y d ra tio n  a n d  give h y d ro lysis  
en d -p ro d u c ts  of d iffe ren t p roperties.

"C

F ig. 7. D eriv a to g ra in  for th e  hydro lysis p ro d u c t  o f  th e  U 0 3 p h ase  p ro d u c ed  a t  420° C fro m
£ - U 0 3 • 2 H 20

To s tu d y  th e  h y d ra tio n  of th e  tw o  U 0 3 m odifica tions, th e  /З-ty p e  d ih y 
d ra te  w as h e a te d  in a ir  fo r  an  hour a t  420°C  to  ob ta in  th e  f ir s t ,  th e n  a t  620°C 
to  o b ta in  th e  second U 0 3 phase. B o th  p ro d u c ts  were h y d ro ly z e d  in  w a te r  a t  
ro o m  te m p e ra tu re  for tw o  weeks, a n d  th e  hydrolysis p ro d u c ts  w ere processed  
a n d  ana lyzed  in th e  u su a l w ay.
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T he d e riv a to g ram  o f th e  I I 0 3 ■ 2 H 20  hydro lysis  p ro d u c t, o b ta ined  from  
th e  420°C -U O 3, is show n in  Fig. 7. T h e  d e h y d ra tio n  occurs in  th e  sam e w ay  as 
o b se rv ed  for th e  th e rm a l decom position  o f th e  a- an d  /5-type d ih y d ra tes . T he 
th e rm a l decom position  o f  th e  oxide ph ases , p roduced  a f te r  com ple te  d e h y d ra 
t io n , how ever, seem s to  be  a m ore com plex  process: th e  d e riv a to g ram s ex h ib it 
a ll o f  th e  deox idation  p eak s w hich ch a rac te rize  specifically  e ith e r  th e  «- or

°C

F ig . 8. D erivatogram  fo r th e  hydro lysis p ro d u c t o f  th e  U 0 3 p h ase  p ro d u c ed  a t  620° C fro m
ß - V 0 3 ■ 2 H .0

th e  /5-type d ih y d ra te s . T h is d ih y d ra te  th u s  seem s to  be  a m ix tu re  of th e  a- a n d  
/5-m odifications. T h e  re la tiv e  co n tr ib u tio n s  o f th e  tw o  m odifica tions can  b e  
e v a lu a te d  from  th e  th e rm o g rav im e tric  cu rv e . This show s th a t  th e  d ih y d ra te  
o b ta in e d  on h y d ro ly sis  from  th e  420° C -U 0 3 is p re d o m in a n tly  o f th e  oc-U03 • 

• 2 H 20  type.
The hydro lysis o f a ll b u t  th e  y -ty p e  u ran iu m  tr io x id e  m odifications w as 

fo u n d  to  lead  to  an  a - U 0 3 • 2 H 20 - ty p e  p ro d u c t. T hese re su lts  ind icate  t h a t  
th e  a -U 0 3 ■ 2 H ,0  is th e  m ost stab le  d ih y d ra te  m o d ifica tio n . T h is is w hy even  
th e  U 0 3 p roduced  from  /5-U03 • 2 H 20  b y  th e rm a l decom p o sitio n  a t 420° C is 
co n v e rted  by  h y d ra tio n  in to  th e  а -ty p e  d ih y d ra te .
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The hydro lysis  p ro d u c t, o b ta in e d  from  th e  olive-green U 0 3 p ro d u ced  b y  
th e rm a l decom position  o f /3-U 03 • 2 H 20  a t  620° C, has also th e  com position  
U 0 3 • 2H 20 .  I t  is a p p a re n t from  th e  d e riv a to g ram  show n in  F ig . 8 t h a t  th e  
th e rm a l d e h y d ra tio n  of th e  620° C v a r ie ty  is sim ilar to  t h a t  o bserved  for th e  
o th e r  d ih y d ra te s . T he th e rm a l decom position , how ever, differs from  th a t  o f  
th e  o th e r d ih y d ra te  m odifica tions. W e h av e  again  th e  d eo x id a tio n  peaks o f  
b o th  th e  «- an d  /З-types of d ih y d ra te , b u t  th e  th e rm o g ra v im e tric  ev a lu a tio n  
now  shows th e  p rep o n d eran ce  o f  th e  /З-ty p e . T hus th e  U 0 3 o b ta in e d  from  ß- 
U 0 3 • 2H 20  a t  620° C, re -tran sfo rm s on re -h y d ra tio n  to  th e  in itia l /З-ty p e  d i
h y d ra te .

Conclusions

I t  has been  estab lished  from  th e  ex p erim en ta l ev idence th a t  th e  h y d ra te s  
p ro d u ced  b y  th e  hydro lysis o f y -U 0 3 are  d iffe ren t from  th e  h y d ro ly sis  p ro d u c ts  
o f  th e  o th e r u ran iu m  tr io x id e  m od ifica tions s tu d ied  earlie r. T h e  d is tin c t 
p ro p ertie s  o f th e  a- an d  /З-ty p e  d ih y d ra te s  are  well a p p a re n t from  th e  d ifference 
in  th e  th e rm a l decom position  o f  th e  h y d ro lysis  p ro d u c ts  o b ta in e d  a t  room  
te m p e ra tu re .

T he hydro lysis  p ro d u c ts  o f  y -U 0 3 are d e h y d ra te d , even in  th e  in itia l 
s tag e  o f h y d ro lysis , b y  th ree  th e rm a lly  d iffe ren t processes. T his d istingu ishes 
th e  /3-U03 • 2 H 20  p roduced  from  y -U 0 3, even in th e  s tag e  o f its  fo rm a tio n , 
from  th e  а -ty p e  d ih y d ra te .

T he d e riv a to g rap h ic  analy sis  o f /S-U03 • 2 H 20  p ro d u ced  from  y -U 0 3 led 
to  th e  follow ing conclusions:

( a )  T he d e h y d ra tio n  occurs, s im ila rly  to  a -U 0 3 • 2 H 20 ,  in  th re e  step s  
a n d  th e  g rav im etric  ev a lu a tio n  o f  th e  curves again  suggests a tr im e ric  o r  
po lym eric  fo rm ula  for th e  d esc rip tio n  o f /5-U03 • 2 H 20 .

(b )  T he th e rm a l decom position  of th e  oxide m od ifica tions o b ta in e d  on 
com plete  d eh y d ra tio n  is s tr ik in g ly  d iffe ren t. T he U 0 3 ph ase  p ro d u ced  from  
th e  /З-ty p e  d ih y d ra te  a t  420° C un d erg o es o t 485° C a ph ase  tra n s fo rm a tio n  in an  
exo th erm ic  process w ith o u t a n y  change of w eight. T he second U 0 3 p h ase  th u s  
fo rm ed  is co n v erted  in  a single s te p  to  U30 8 b y  an  en d o th erm ic  process, se tt in g  
in  a t  690°C. In  c o n tra s t w ith  th e se  ob se rv a tio n s, th e  am orphous U 0 3 o b ta in ed  
from  th e  « -ty p e  d ih y d ra te  is co n v e rte d  in to  U30 8 th ro u g h  an  in te rm e d ia te  
u o 2.89 form , in tw o step s; th e  f ir s t ,  s e ttin g  in  a t  530° C, is a slig h tly  ex o th e rm ic , 
th e  second, a t  630° C, an  en d o th e rm ic  process.

T he difference betw een  th e  tw o  ty p e s  o f d ih y d ra te  is m an ifes ted  also 
b y  th e  b eh av io u r o f th e ir  th e rm a l decom position  p ro d u c ts  on re -h y d ro ly sis .

T he re-hydro lysis  of am o rp h o u s  U 0 3 p roduced  from  a -U 0 3 • 2 H 20  b y  
th e rm a l decom position  gives o n ly  « -ty p e  d ih y d ra te . T he tw o  U 0 3 phases 
p ro d u ced  from  /3-U03 • 2 H 20 ,  th e  f ir s t  a t  420° C an d  o f o range-red  co lour, th e
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second  a t  620° C an d  o f  o live-green  colour, y ie ld  on re-hydro lysis  a m ix tu re  of 
a- a n d  /З-type  d ih y d ra te s , th e  а -ty p e  p red o m in a tin g  in  th e  fo rm er, th e  /S-type 
in  th e  la t te r  case.

T h e  a u th o rs  th an k s  a re  d u e  to  M rs. Zs. Buzássy an d  M r. B. Szlovák fo r  th e ir  assistance  
i n  th e  experim ents.

SUM M ARY

T h e  p rop erties  o f th e  sy s tem  U 0 3—H 20  have  been  s tu d ied  b y  th e  analysis o f th e  th e rm a l 
deco m p o sitio n  of u ra n iu m  tr io x id e  h y d ra tio n  p ro d u c ts  o f d iffe ren t origins. T he re su lts  o b 
ta in e d  on th e  system , y - U 0 3- H 20 ,  an d  in  p a r tic u la r  o b se rv a tio n s  concern ing  th e  th e rm a l 
deco m p o sitio n  of th e  /S-U 03 • 2 H 20 - ty p e  d ih y d ra te , p ro d u c ed  from  y -U 0 3, are rep o rted . 
T h e  d e riv a to g rap h ic  re su lts  show  th e  d ifference be tw een  y - U 0 3 a n d  th e  o th e r  u ra n iu m  oxide 
h y d ra tio n  p ro d u c ts . T h e  d is t in c t  p ro p e rtie s  o f th e  a- a n d  ß~i ype d ih y d ra te s  becom e well 
a p p a re n t  from  an an a ly sis  o f th e  th e rm a l b eh av io u r o f th e  U 0 3 h y d ro ly sis  p ro d u e ts  o b ta in e d  
a t  ro o m  tem p era tu re .
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INVESTIGATIONS ON ION EXCHANGE EQUILIBRIA  
WITH RADIOACTIVE TRACER METHOD, XII

D E T E R M IN A T IO N  O F  T H E  SU C C ESSIV E  FO R M A T IO N  CON STANTS O F  a -H Y D R O X Y - 
ISO B U T Y R A T E  C O M P L E X E S  O F  E U R O P IU M

T. L e n g y e l

( I n s t i t u t e  o f  I s o to p e s , H u n g a r ia 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 )

R eceived  O c to b er 18, 1967

Introduction

In  a p rev ious p ap er [1] th e  ad v a n ta g e s  of liqu id  ion  exchangers fo r  in 
v e s tig a tin g  th e  fo rm atio n  an d  s tru c tu re  o f com plex species w ere d iscussed . 
H ow ever, in  th e  course of th e  m easu rem en ts , th e  cond itions chosen m ad e  it  
possib le to  d e te rm in e  only th e  s ta b ili ty  c o n s ta n t of th e  1 : 1 com plex. In  o rd e r 
to  o b ta in  ex ac t d a ta  on fu r th e r  species, m easu rem en ts in  a r a th e r  w ide ra n g e  
o f ligand  co n cen tra tio n  m ust be perfo rm ed . A t th e  sam e tim e , th e  t r e a tm e n t  
o f ex p erim en ta l d a ta  by  th e  a rduous th o u g h  w ell-estab lished  m ethod  developed  
b y  F r o n a e u s  [2, 3] an d  b y  a new  m e th o d  of co m p u ta tio n , w hich w ill be  d is 
cussed  la te r , seem ed to  be necessary .

E x te n s iv e  investig a tio n s w ith  a -h y d ro x y iso b u ty ra te s  h av e  re c e n tly  
been  perfo rm ed  [4], b u t th e  co m p ara tiv e ly  poor ag reem en t w ith  p o te n tio -  
m e tric  d e te rm in a tio n s  [5, 6] reg ard in g  th e  second an d  th ird  s ta b ility  c o n s ta n ts  
m ade it  n ecessary  to  sligh tly  a lte r  th e  ex p erim en ta l cond itions.

A t th e  sam e tim e , com parison of th e  resu lts  o b ta in ed  b y  th e  tw o d iffe ren t 
w ays o f co m p u ta tio n s  seem ed to  be reaso n ab le  in  order to  m u tu a lly  p ro v e  th e  
re liab ilities  of th e  m e th o d s.

The Fronaeus method

T his m e th o d  of graph ica l c o m p u ta tio n  is p e rh ap s th e  m ost re liab le  one 
re p o r te d  in  th e  lite ra tu re . T he p re se n ta tio n  excellen tly  su m m arized  b y  R o sso t - 
Ti a n d  R o sso tti [7] has been em ployed  in  th is  w ork w ith o u t an y  s ig n ifican t 
m od ifica tions. T h e  m eth o d  of ca lcu la tio n  is given here  w ith o u t d e ta iled  co m 
m en ts , an d  —w ith  a few excep tions — th e  n o ta tio n s  of th e  hand b o o k  c ited  
are  used  th ro u g h o u t.
F irs t o f all th e  func tion

ф =  D 7 D - 1

[L]
(1)
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is in tro d u ced . P lo ttin g  Ф ag a in st [L] a n d  e x tra p o la tin g  to  [L] =  0, th e  v a lu e

Ф о = (0 1 -У 1 )  (2)

is o b ta in e d . This is u sed  to  calculate a fu r th e r  function

/ =  - ^ D-^ 1 ~  y i) [ L —  1} +  1 - = ß i < t > - F 2 +  y 2 (Ф [Ь] +  1) (3)
[L ]

w hence
fo  =  Hm / =  ß x (ß1 — y ß  — (ß2 -  y 2)

[ L ] —>0
(4)

can  h e  de te rm ined  as th e  in tersec tion  b y  e x tra p o la tin g  th e  cu rve  o f th e  d ia 
g ram  /  vs. [L].

P lo t t in g f - f o
[L]

a g a in s t Ф - Ф р
[L]

a s tra ig h t  line of slope ß ± is ob ta ined , acco rd in g  to  th e  e q u a tio n

f - f o
[L]

Ф ~ Ф р
[L]

ß l  +  У 2 Ф -  F 3 ( 5 )

su b s ti tu t in g  th e  ß 1 v a lu e  th u s  o b ta in ed  in to  E q . (4) th e  te rm  (ß2 — y 2) can  
be  de te rm ined .
C om bining  E qs (1) a n d  (3), we get:

D ° ( ^ - У 2)
D [L ]

=  /32 Ф (6)

T h erefo re , th e  lim itin g  slope yields

dd
li m -----
Ф—*о dФ

=  ß 2 ( 7 )

T h e  fu r th e r  steps o f th e  calcu lation  a re  b a sed  on th e  re la tio n

F t =  n=2 ß n W - \  (8)
n = t

acco rd in g  to  w hich  ß3 is o b ta in ed  as th e  in te rsec tio n  o f th e  p lo t F3 ag a in st [L ], 
w here  th e  values o f  F 3 o b ta in ed  w ith  th e  a id  o f E q . (6) a re  used.
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The new  method

T he o th e r m e th o d  chosen for th e  co m p u ta tio n  of th e  successive fo rm a tio n  
c o n s ta n ts  is based  on  th e  re la tions dev e lo p ed  p rev io u sly  [1]; i t  excels in  th e  
re la tiv e ly  sim ple t r e a tm e n t  of th e  e x p e rim e n ta l d a ta .

In  th e  uncom plexed  system , th e  d is trib u tio n  ra tio  (neglecting  sym bo ls 
o f  charge) is d e te rm in ed  as

D n o[M]
Л Щ

(9)

w hile in  th e  presence o f  a com plexing a g e n t, p resum ing  t h a t  charged  com plexes 
do n o t  undergo p a r ti t io n  (an assu m p tio n  p roved  p rev io u sly  [1]), we h a v e :

D o[M]
N

W[M] +  У  4 M L ,]  
1=1

T ak in g  in to  accoun t th e  basic re la tio n

w[M] +  i iv[HL] =  W[M L] -f- £ Ш[ Н ] ,

th e  m ass action  law  y ields

K .  =
r[M L ,] W[H ]‘ 

W[M ] w[H L']

T he com bination  of E q s  (9), (10) a n d  (12) resu lts  in

( 10)

( 11)

( 12)

D  =
,[M ] +

o[M]__________
K e w[M] W[ H L ] ‘

D°
1 + J .  K ew[H L ] '

(13)

W[H ]‘ ' f i  W[H ] '

w hich  on rearrang ing  a n d  tak ing  th e  lo g a rith m s gives:

D°
log

D
-  1 =  i {»(pH ) +  log W[H L]} +  log  K e (14)

E q . (14) is valid  w ith  th e  assum ption  t h a t ,  w ith in  given co n cen tra tio n  ran g es  
o f th e  com plexing a g e n t an d  a t g iven  p H , only  one o f th e  com plex species 
p rev a ils , i.e. w hen p lo ttin g  th e  le ft h a n d  side o f E q . (14) a g a in s t {„(pH ) +  
-f- l°giv[H L]}, linear sec tions co rrespond ing  to  i  =  1, 2 . . . N  can  be d is t in 
gu ished .
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In tro d u c in g  th e  o v era ll fo rm ation  c o n s ta n ts  of th e  species [ML,]

„[M L ,]

' J M ] „ [ L ] '  ’

E q . (15) can he re a rra n g e d  as

ß i  » [H L ]1 
K c „ [ H ] '„ [ L ] ' '

(15)

(16)

In  th e  know ledge o f  (or b y  d e te rm in in g  ex p e rim en ta lly ) th e  acid d isso
c ia tio n  co n stan t Kd  fo r th e  reaction

[ H L ] - [ H ]  +  [L ] (17)

a n d  ta k in g  th e  lo g a rith m s , E q . (16) can b e  re w ritte n  as

log ß i  —  log K e -\- i p K d . (18)

S um m arizing  th e  m e th o d  o u tlined  ab o v e , th e  f irs t ta s k  is to  p lo t th e  
v a lu es  log(D °/D  — 1) as a fu nc tion  of {w(pH ) -f- log » [H L ]} . T h e  curve o b ta in ed  
c a n  be  d iv ided in to  lin e a r  p a r ts  ch a rac te rized  b y  th e  slopes i  =  1, 2 . . . .  IV, 
acco rd in g  to  th e  species (M L,) p revailing  u n d e r  th e  given cond itions. B y  e x t r a 
p o la tio n  of th e  lin e a r  p a r ts  o f th e  curves, th e  in te rsec tio n s give th e  co rresp o n d 
in g  log K e values fro m  w hich  th e  ßi v a lu es  can  be  ca lcu la ted  w ith  th e  a id  
o f  E q . (18).

T he m ain  a d v a n ta g e  of th is  ty p e  o f ca lcu la tio n  is t h a t  th e  errors in v o lved  
in  th e  d e te rm in a tio n  o f  each  of th e  /?,• va lu es  a re  n o t c u m u la te d , an  ach iev m en t 
w h ich  can h a rd ly  b e  a t ta in e d  in m ost o f th e  m ethods com m only  used . T h e  
ex p e rim en ta l p ro ced u re  is also sim ple a n d  h as  th e  a d d itio n a l ad v an tag e  th a t  
th e  a d ju s tm e n t o f a c o n s ta n t p H  is u n n ecessary .

E xperim en ta l

S ta tic  eq u ilib riu m  m easu rem en ts  were c a rried  o u t  a t  25° in  th e  sam e w ay as d escribed  
p rev io u s ly  [1]. 152-164E u  tr a c e r  was produced  b y  th e  co n v en tio n al (n , y)  re ac tio n ; ow ing to  
th e  h ig h  ac tiv a tio n  cross sec tio n  considerable specific  a c tiv ity  cou ld  be  a tta in e d , th u s  th e  
p recisio n  of th e  m ea su re m e n ts  w as increased in sp ite  o f  th e  re la tiv e ly  low  m eta l c o n cen tra tio n  
(1 0 ” 6 M  as E u(C104)3 u sed .

S tock so lu tions o f a -h y d ro x y iso b u ty ric  acid  w ere p re p are d  fro m  th e  c.p . re ag e n t so 
t h a t  th e  ionic s tre n g th  m ad e  u p  w ith  sodium  p e rch lo ra te  w as 0.1 M ,  th e  p H  being  a d ju s te d  
as q u o ted  in  each  o f th e  series o f m easu rem en ts.

T he free lig an d  c o n ce n tra tio n s  were c a lcu la te d  on  th e  basis o f th e  d issociation  co n 
s t a n t  va lue  (pA'd =  3.94) o b ta in e d  b y  p o ten tio m e tric  m easu rem en ts , t i t r a t in g  th e  com plex ing  
a g e n t in  0.1 M  p e rc h lo ra te  m edium . T his re su lt  con firm s th e  d a ta  pu b lish ed  b y  Sm ith  a n d  
H o ffm an  [8].

D i-2 -e th y lh ex y l-p h o sp h o ric  acid dissolved in  to lu en e  (10” 2 F )  w as chosen as th e  liq u id  
io n  exchanger, as before .
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T he co n ce n tra tio n  of europ ium  w as d e te rm in e d  rad io m etrica lly , b y  a w e ll-type  sc in tilla 
tio n  d e tec to r. T h e  p H  values in  th e  aqueous p h ase  w ere m easu red  b y  a  R ad io m e te r P H -4  
in s tru m e n t, using  a  glass-calom el e lectrode  p a ir . T he errors o f th e  d e te rm in a tio n s  d id  n o t  
exceed  + 0 .0 1  p H  u n its .

W hen  a d o p tin g  th e  F ro n aeu s m eth o d , th e  lig an d  co n cen tra tio n  w as co rrec ted  fo r sm alle r 
d e v ia tio n s  in  th e  p H ; w hen large changes w ere fou n d , th e  m easu rem en t w as d iscarded  a n d  
re p ea te d .

Results and discussions

In  o rder to  check th e  valen cy  s ta te  of th e  uncom plexed  species a n d  to  
d e te rm in e  th e  D° values, th e  d ependence  o f th e  d is tr ib u tio n  ra tio  on th e  p H  
o f th e  aqueous phase  was in v es tig a ted . T h e  exp erim en ta l d a ta  (p resen ted  in

F ig . 1. D is tr ib u tio n  ra tio  as a fu n c tio n  o f th e  p H  [E u 3+ ] =  10 6 M ; [D E H P A ] =  10~2 F;
[C10-] =  0 .Ш

F ig . 1) show  a th ird  pow er dependence, in d ica tin g  th e  p a r t i t io n  o f tr iv a le n t 
E u 3 + species.

In  Tables I  a n d  I I ,  th e  resu lts  o f  eq u ilib riu m  m easu rem en ts perfo rm ed  in 
th e  p resence of th e  lig an d  in v es tig a ted  a re  com piled as a fu n c tio n  of th e  free 
lig an d  an d  a n a ly tic a l b u ty ra te  c o n cen tra tio n s , respective ly . B ased  on th ese  
m easu rem en ts , th e  successive (stepw ise) fo rm a tio n  co n stan ts  w ere d e te rm in ed  
using  th e  tw o  m eth o d s ou tlined  above.

F ro m  th e  d a ta  of F ig . 1 an d  T ab le  I ,  th e  curve g iven  in  F ig . 2 w as 
c o n s tru c te d , accord ing  to  w hich Ф0 is eq u a l to  196. U sing E q . (3), th e  d a ta  
p lo tte d  in  Fig. 3 w ere o b ta in ed , fro m  w hich  f 0 =  —2.55 • 10 ~5 could  be 
d e te rm in ed .

In  acco rdance  w ith  E q . (5), from  t h e / —f j [ L ] vs. Ф —Ф0/[Ь ]  p lo t show n in 
F ig . 4 (neglecting  som e po in ts  sc a tte rin g ) a curve w ith  an  in itia l slope ß x —
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F ig . 2. Ф as a fu n c tio n  o f th e  lig an d  con
c e n tra tio n , ca lcu la ted  acco rd in g  to  E q . (1), 
u sin g  th e  d a ta  o f T ab le  I. [E u 3 + ] =  10- 6 M ; 

[D E H P A ] =  IO“ 2 F ;  [C IO -]  =  0.1 M

F ig . 3. f  as a  fu n c tio n  of th e  free lig an d  
co n cen tra tio n , c a lcu la te d  according to  E q . 

(3), u sing  th e  d a ta  o f Table I

=  K x =  501 w as o b ta in e d . B y  su b s titu tio n  in to  E q . (4), th e  value of (ß 2 — y 2) 
w as o b ta in ed  from  w hich  ß 2 =  9.60 • 104 w as d e te rm in ed  as th e  slope o f  th e  
cu rve  #  vs. Ф show n in  F ig . 5, c o n s tru c te d  w ith  th e  a id  o f  E q . (6).

Table I

E xperim ental results o f  equilibrium  measurements 
(F ronaeus m ethod)

[ L] • 10* M p H D

1.097 2.68 1.24 • 101

2.010 2.64 6.10 • 10°

2.502 2.64 4.62 • 10°

3,006 2.64 3.72 • 10°

4.117 2.555 1.22 • 10°

6.105 2.58 7.89 • 1 0 - 1

6.756 2.565 5.40 • 1 0 - 1

7.942 2.57 4.65 ■ 1 0 - 1

9.447 2.57 3.04 • 1 0 - 1

11.203 2.565 2.22 • 1 0 - 1

13.079 2.575 1.78 • 1 0 - 1

15.080 2.58 1.39 • 1 0 - 1

16.824 2.58 1.08 • 1 0 - 1

18.600 2.565 8.11 • 1 0 - 2

19.952 2.58 7.73 • 1 0 - 2

21.114 2.565 6.14 • 1 0 - 2
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T ab le  II

E xperim ental results o f  equilibrium measurements 
(new  m ethod)

[HL] • 10* F pH D

l 2.96 1.00 ■ 102
2 2.80 2.97 • 101
3 2.72 1.56 • 102
4 2.68 1.05 • 101
6.5 2.67 7.31 • 10°

10 2.66 5.50 • 10°
18 2.58 1.66 • 10°
25 2.55 8.64 ■ 10- 1
37 2.54 3.75 • 10- 1
63 2.53 1.36 • 10- 1
87 2.52 5.40 • 10- 2

117 2.50 2.51 • 10~2
143 2.49 1.29 • 10-2
195 2.48 5.35 ■ 10- 3
300 2.46 1.26 ■ 10- 3

ca lcu la te d  according to  E q . (5), using th e  
d a ta  o f T ab le  I
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F ig . 6. F 3 as a fu n c tio n  o f  th e  free lig a n d  con
c e n tr a t io n , ca lcu la ted  acco rd in g  to  E q s  (6) and  

(8), using th e  d a ta  o f T ab le  I  ,a {pH +  log ie[H L ]}, c a lcu la ted  according 
to  E q . (14), u sing  th e  d a ta  o f T ab le  I I

F ina lly , using E q . (8), fo rm  th e  s tra ig h t line d raw n  in  F ig . 6, ß 3 was 
fo u n d  to  be 3.47 • 10s.

W hen  th e  o th e r  m e th o d  of ca lcu la tio n  was em ployed , th e  graphic re p re 
s e n ta tio n  of E q . (14) d ire c tly  re su lte d  in  F ig . 7, from  w hich  th e  in te rac tio n s 
re fe rr in g  to  slopes 1, 2 a n d  3 y ie lded  log K e± =  —1.24, lo g K e2 =  —2.91 a n d  
lo g K e3 =  —5.31; s u b s ti tu t in g  th e se  in to  E q . (18), th e  va lu es  log ß 1 =  2.70, 
log  ß 2 =  4.97 an d  log  ß 3 =  6.51 w ere o b ta in ed .

T he results o f th e  tw o  m eth o d s an d  th o se  p u b lished  b y  d iffe ren t au th o rs  
a re  sum m arized  in  T ab le  I I I .  T he b e s t ag reem en t w as fo u n d  w ith  th e  d a ta  o f 
Ch o p p in  and  Ch o po o r ia n  [6J; th e  d iscrepancies am ong th e  p resen t resu lts

Table I I I

Formation constants o f  a-hydroxyisobutyrate complexes o f  europium

log X, log К , log K 3
Experimental 

(calculation) method Reference

2.72 2.36 1.32 ion exchange [4]

2.71 2.22 0.98 p o t. m etr. t i t r . [5]

2.70 2.24 1.58 po t. m etr. t i t r . [6]

2.70 2.28 1.56 ion exchange, F ronaens m eth o d present w ork

2.70 2.27 1.54 ion exchange, new  m eth o d present w ork
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a n d  o th e r d a ta  of th e  l i te ra tu re  (w ith  th e  exception  o f  log K 3 values) are  also 
sligh t.

T he p re sen t w ork  has show n th a t  liqu id  ion ex ch an g ers  can be  conve
n ie n tly  used fo r th e  precise d e te rm in a tio n  of successive fo rm atio n  c o n s ta n ts .

M ain sym bols used

D° D is tr ib u tio n  ra tio  in  th e  absence  of com plexing a g e n t
D D is tr ib u tio n  ra tio  in  th e  p resence  of com plexing a g en t
[H L ] A n a ly tica l co n cen tra tio n  o f th e  com plexing a g e n t (a -h y d ro x y iso b u ty ric  acid  
i S to ich iom etric  coefficient
K j  Successive fo rm atio n  c o n s ta n t o f  th e  species [ML,]
K e S to ich iom etric  eq u ilib riu m  c o n s ta n t as defined in  E q . (11)
[L] L igand  (free ligand) c o n cen tra tio n  
M M etal
N  M axim um  co o rd in a tio n  n u m b er
pK tf N eg ativ e  lo g arith m  of th e  d issoc iation  c o n s tan t o f th e  com plexing a g en t 
ßl O verall fo rm atio n  c o n s ta n t o f th e  species [ MI j

Ind ices
w A queous phase
о O rganic phase

SU M M A RY

U sing th e  liq u id  ion exch an g er d i-2 -ethy lhexy l-phosphoric  acid , th e  successive fo rm a
tio n  co n stan ts  fo r th e  a -h y d ro x y iso b u ty ra te  com plexes o f e u ro p iu m  hav e  been d e te rm in ed . 
T he F ronaeus m eth o d  an d  a n o th e r  ty p e  of calcu la tion  y ie ld ed  th e  va lues log K t =  2.70, 
log K 2 — 2.27 an d  log K 3 =  1.55, in  reaso n ab ly  good ag reem en t w ith  th e  lite ra tu re  d a ta .
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ÜBER DEN WANDERUNGSMECHANISMUS 
YON WASSERSTOFF- UND HYDROXYLIONEN, VIII

E IN F L U ß  D E R  ZU SA M M EN SETZU N G  V O N  G L Y C E R IN -W A S S E R -G E M IS C H E N  A U F  
D IE  E L E K T R IS C H E  L E IT F Ä H IG K E IT  U N D  V IS K O S IT Ä T  VON G E L Ö ST E M  H Cl, 

K O H , K F  U N D  K C l B E I  5 U N D  25 °C

T . E r D E Y - G r ÚZ  a n d  E .  K ü G L E R

( In s t i tu t  f ü r  P hysikalische Chemie und R adiologie der Eötvös Loránd U niversitä t, Budapest)

E ingegangen a m  16. O k to b e r 1967

Im  R ah m en  u n se re r S tu d ien  ü b e r den  Io nenw anderungsm echan ism us 
soll n u n  im  A nsch luß  an  unsere U n te rsu c h u n g e n  ü b e r die L e itfäh ig k e it ein iger 
E le k tro ly te  in G em ischen von ein- u n d  zw eiw ertigen  A lkoholen u n d  W asser 
[1 — 3] ü b e r unsere  M essungen in  G em ischen  von  W asser u n d  G lycerin als 
d re iw ertig e r A lkohol b e rich te t w erd en .

Die L e itfäh ig k e it der L ösungen  v o n  HCl in  G lycerin—W asser-G em ischen  
w u rd e  bis zu einem  G lyceringehalt v o n  e tw a  35 M ol%  von  D n e p r o w  [4 ], Co n w a y  
u n d  M ita rb e ite rn  [5] sowie von W o o l f  [6] u n te rsu c h t. Die L e itfäh ig k e it von  
K C l in  G lycerin u n d  G lycerin -W asser-G em ischen  haben  A c c a sc in a  u n d  
D ’A p r a n o  [7] b e s tim m t. Diese D a te n  sin d  jed o ch  zum  sy stem atisch en  S tu d iu m  
des p ro to tro p e n  W an d eru n g sm ech an ism u s u nzu läng lich , u n d  dem zufolge 
w u rd en  a u f  G rund  d e r in  unseren frü h e re n  M itte ilungen  darge leg ten  G esich ts
p u n k te  die L e itfäh ig k e it und  die V isk o s itä t v o n  in  G lycerin -W asser-G em ischen  
gelöstem  HCl, K O H , KCl und  K F , b e i e iner K o n zen tra tio n  von  0,01 n, bei 5 
u n d  25 °C, b es tim m t.

Experim enteller Teil

Z ur M essung d e r  L e itfäh ig k e it u n d  d e r V isk o sitä t der L ösungen  w urden  
die in  den vo ran g eh en d en  M itte ilungen  b esch riebenen  E in rich tu n g en  b e n ü tz t. 
D ie gelösten  Stoffe w u rd en  au f die b esch rieb en e  W eise gerein ig t [1 , 2].

Die R ein igung  des G lycerins erfo lg te  d u rch  w iederholte  fra k tio n ie r te  
D estilla tio n  des a n a ly tisc h  reinen A u sgangsto ffes im  V akuum . D ie spezifische 
L e itfäh ig k e it des so e rh a lten en  G lycerins b e tru g  8 —10 • 1 0 _9 o h m -1 c m -1 . 
Sein W assergehalt w u rd e  m it dem  F isch er-R eag en s b es tim m t.

Die Versuchsergebnisse

Leitfähigkeit

Die E rgebn isse  d er L eitfäh ig k e itsm essu n g en  sind in A bb. 1 zusam m en
g efaß t.
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D ie Ä q u iv a len tle itfäh ig k e it des in  G lycerin gelösten  HCl w ird  d u rch  
Z ugabe von  geringen  W asserm engen  w esen tlich  h e ra b g e se tz t u n d  d u rc h lä u ft 
hei e tw a  8 M ol%  W asserg eh a lt b e i be id en  u n te rsu c h te n  T em p era tu ren  ein 
M inim um . In  L ösungen  die m ehr als 40 M ol%  W asser e n th a lte n , n im m t die 
L e itfäh ig k e it bis zu r E rre ichung  des d e r w äßrigen  Lösung e n tsp rech en d en  
W ertes ste il zu.

D ie L e itfäh ig k e iten  der K O H -, KCl- u n d  K F -L ö su n g en  n eh m en  in  Ge
m ischen  m it n ied rigem  W assergehalt m it s te ig en d en  W assergehalten  in  d e r

Abb. 1. Ä q u iv a len tle itfäh ig k e it von  0,01 n  H C l-, K O H -, KCl- u n d  K F -L ösungen  in  G lycerin— 
W asser-G em ischen  bei 5 u n d  25 °C in  A b h än g ig k eit vom  W assergehalt
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R eihenfolge d er in  w äßriger L ösung  gem essenen L e itfäh ig k e iten  langsam  zu . 
D iese Z unahm e d er L eitfäh igkeit w ird  he i K O H -L ösungen  von  einem  W asse r
g eh a lt von  e tw a 40 u n d  KCl- u n d  K F -L ö su n g en  von  einem  W assergeha lt von

Abb. 2. E x tra le itfä h ig k e it  v o n  W asserstoff- u n d  H y d ro x y lio n en  in  G lycerin—W asser-G em ischen 
bei 5 u n d  25 °C in  A b h ä n g ig k e it vom  W asserg eh a lt

etw a 60 M ol%  angefangen  bis zum  E rre ic h e n  des W ertes fü r  w äßrige L ösungen  
ste iler.

A u f G rund  d e r gem essenen L e itfäh ig k e itsw erte  d u rch läu ft d er vom  
P ro to n en ü b e rg an g  stam m ende  Teil d e r  L e itfäh ig k e it der W assersto ffionen , die 
E x tra le itfä h ig k e it , (Л е H + =  A Hci — /1КС|) be i beiden  u n te rsu c h te n  T e m p e ra tu 
ren  in  L ösungen  v o n  e tw a 10 M ol%  W a sse rg e h a lt ein flaches M inim um  (A bb. 2).
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D ie E x tra le itfä h ig k e it des H y d ro x y lio n s  (/1е0 н -  =  ^ к о н — Л Кр) s te ig t 
b is zu  einem  W asse rg eh a lt von e tw a 30 M ol%  n u r  gering an , u n d  von  70 M ol%  
W asse rg eh a lt an gefangen  steil bis zu dem  d e r w äßrigen  L ösung en tsp rech en d en  
W e rt (A bb. 2.)

D ie T em pera tu rkoeffiz ien ten*  d er gem essenen  L e itfäh ig k e it sind in  A bb. 
3 d a rg es te llt.

D er T em p era tu rk o effiz ien t d er L e itfäh ig k e it von  H C l-L ösungen w eist 
in  G em ischen von  e tw a  4 M ol%  W asse rg eh a lt ein ziem lich scharfes M axim um  
au f. D er T em p era tu rk o effiz ien t d er K O H -L ö su n g en  n im m t m it ste igendem  
W asse rg eh a lt m o n o to n  ab . D er K O H -K o effiz ien t w eich t be i einer G em isch
zu sam m en se tzu n g  b e i w elcher der T em p ere tu rk o effiz ien t d er H C l-L ösungen 
ein  M axim um  au fw eis t, kaum  von dem  des H C l ab . In  L ösungen  m it einem  
W asse rg eh a lt v o n  w en iger als e tw a 66 M ol%  is t der T em p era tu rk o effiz ien t 
d e r L e itfäh ig k e it d e r K O H -L ösungen  k le in e r, in  Lösungen m it höherem  W asse r
g e h a lt hingegen g rö ß er, als der der KCl- u n d  K F -L ö su n g en . In  G em ischen von  
m e h r als etw a 95 M ol%  W assergehalt n im m t der T em p era tu rk o effiz ien t d er 
K O H -L e itfäh ig k e it b is zu dem  in w äß rig e r  gem essenen W ert ste il ab.

D er T em p era tu rk o effiz ien t d er L e itfäh ig k e it von  KCl- bzw . K F -L ösungen  
n im m t m it s te ig en d em  W assergehalt m o n o to n  ah .

In  A bb. 4 s in d , a u f  G rund des Z u sam m en h an g s Л  =  A e~ E/RI b e re c h n e t, 
d ie  A k tiv ie ru n g sen erg ien  der L e itfäh ig k e it d e r u n te rsu c h te n  E le k tro ly te n  in  
A b h än g ig k e it vom  W assergehalt d a rg e s te llt . Im  F alle  v o n  HCl b e s itz t die 
A k tiv ie ru n g sen erg ie  be i 4 Mol %  W asse rg eh a lt einen H ö ch stw ert, um  d a n n  bis 
zu  dem  der w äß rig en  Lösung e n tsp re c h e n d en  W ert m o n o to n  ab zu n eh m en . 
D ie A k tiv ie ru n g sen erg ie  der L e itfäh ig k e it v o n  K O H , KCl u n d  K F  n im m t m it 
s te ig én d em  W asse rg eh a lt m onoton  ab . D ie A k tiv ie ru n g sen erg ie  von K O H  is t 
u n te rh a lb  eines W assergeha lts  von  66 M ol%  u n d  ü b e r einem  W assergeha lt 
v o n  95 M ol%  k le in e r, in  Lösungen m it W asserg eh a lten  zw ischen diesen b e id en  
W e rte n  h ingegen g rö ß er, als die A k tiv ie ru n g sen erg ie  von  KCl u n d  K F .

304 E R D E Y -G R Ú Z , K U G L E R : W A N D E R U N G S M E C H A N IS M U S  V O N  W A S S E R S T O F F IO N E N , V I I I .

Viskosität

Die V isk o sitä ten  der G lycerin—W asser-G em ische sowie der L ösungen  
d e r  u n te rsu c h te n  E le k tro ly te n  in  d iesen  G em ischen n eh m en  vom  W ert des 
re in en  G lycerins b is zum  W ert des W assers m o n o to n  ab . A us den bei 5 u n d  
25 °C gem essenen W erten  berech n e t, n im m t der T em p era tu rk o effiz ien t d e r 
V isk o sitä t m it s te igendem  W assergehalt m ono ton  ab , u n d  is t größer, als d e r 
T e m p e ra tu rk o e ffiz ie n t der L e itfäh ig k e it d e r u n te rsu c h te n  E lek tro ly te  in  den  
e n tsp rech en d en  G em ischen (A bb. 3).

1 ЛЛ 
Л к AT

100, wo Л
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О)

Abb. 3. T em p era tu rk o effiz ien t der in  G lycerin -W asser-G em ischen  bei 5 u n d  25 °C gem essenen  
Ä q u iv a le n tle itfä h ig k e it, V isk o s itä t und  des A  ^ -P ro d u k te s  in  A b h än g ig k eit vom  W asse rg eh a lt
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D ie au f G ru n d  des Z usam m enhangs r) =  B eE/RT b erech n e te  A k tiv ie ru n g s
en erg ie  n im m t m it ste igendem  W asse rg eh a lt m onoton  ab  (A bb. 4). D ie A k 
tiv ie ru n g sen erg ie  d e r  V isk o sitä t is t  fü r  je d e s  der u n te rsu c h te n  E le k tro ly te  
g rö ß e r  als die A k tiv ie ru n g sen erg ien  d e r L eitfäh ig k e it.

306 ERDEY-GRUZ, KUGLER: WANDERUNGSMECHANISMUS VON WASSERSTOFFIONEN, V III.

A bb. 4 . Ä nderung d e r A k tiv ierungsenerg ien  d e r  L eitfäh ig k e it und  de r V isk o sitä t in  G lycerin— 
W asser-L ösungen  von  HCl, КОМ- K C l u n d  K F  m it dem  W asserg eh a lt
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Abb. 5. D ie Ä nderung  d e s /^ -P ro d u k te s  v o n  H C l, K O H  KCl u n d  K F  in  G ly cerin -W asse r-  
G em ischen in  A bhängigkeit v o m  W asserg eh a lt, bei 5 u n d  25 °C

yirj-Produkt

D as P ro d u k t d e r A q u iv a len tle itfäh ig k e it u n d  d er V iskositä t der u n te r 
su ch ten  E le k tro ly te  is t  als F u n k tio n  des W assergehaltes bei 5 u n d  25 °C in  
A bb. 5. gezeigt.

D as /b ? -P ro d u k t d er Lösungen v o n  H Cl in G lycerin is t bei beiden  T e m 
p e ra tu re n  b ed eu ten d  größer, als in  w äß rig en  L ösungen . In  G em ischen m it

5 * Acta Chim. Acad. Sei. Hung. 57, 1968.



n ie d rig e m  W asse rg eh a lt n im m t sein W ert s te il  ah . Im  B ereich zw ischen 15 u n d  
50 M ol%  W asse rg eh a lt ä n d e rt sich das Л ^ -P ro d u k t k aum , um  dann  von  50 
M ol%  angefangen  fa s t  lin ea r  bis zu dem  d e r  w äßrigen  Lösung en tsp rech en d en  
W e r t  abzunehm en .

D as /lr j-P ro d u k t des K O H  is t w esen tlich  h ö h er im  G lycerin als im  W asser. 
M it anste ig en d em  W asse rg eh a lt n im m t d as  /lij-P ro d u k t ab  u n d  e rre ich t bei 
95 M ol%  W asserg eh a lt bei beiden  u n te rsu c h te n  T em p era tu ren  ein d eu tliches 
M in im um . Beim  M in im um  w eichen die W e rte  d er /lr j-P ro d u k te  fü r  die be id en  
T e m p e ra tu re n  k a u m  v o n e in an d er ab.

I n  KCl- u n d  K F -L ö su n g en  n im m t das / li;-P ro d u k t von  dem  der G lycerin 
lö su n g  e n tsp rech en d en  W ert m it s te ig en d em  W assergehalt langsam  m o n o to n , 
b is  zu  dem  der w äß rig en  Lösung e n tsp re c h e n d en  W ert ab.

In  säm tlichen  u n te rsu c h te n  E lek tro ly tlö su n g en  is t das /L j-P ro d u k t be i 
5 °C g rößer als bei 25 °C. Bei H C l-L ösungen d u rch läu ft der T em p era tu rk o effiz i
e n t  des /ltj-P ro d u k ts  in  L ösungen  m it 4 M ol%  W assergehalt ein M inim um , in  
L ö su n g en  m it e tw a  40 M ol%  W asse rg eh a lt h ingegen  ein M axim um  (A bb. 3). 
Im  F a lle  von K O H  ä n d e r t  sich der T em p era tu rk o effiz ien t in  Lösungen von  
w en ig e r als 50 M ol%  W assergehalt k a u m ; in  L ösungen von  92 M ol%  W asse r
g e h a lt  w eist der T em p era tu rk o effiz ien t ein  M inim um  m it sehr n iedrigem  W e rt 
a u f. D er T em p era tu rk o effiz ien t des /l i j-P ro d u k ts  von KCl u n d  K F  ä n d e r t  
s ich  m it dem  W asse rg eh a lt n u r  w enig.
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D iskussion der V ersuchsergebnisse

Die Ä n d eru n g  d er Ä q u iv a len tle itfäh ig k e it des in G lycerin—W asser- 
G em ischen  g elöstenH C l m it dem  W asse rg eh a lt lä ß t d a ra u f  sch ließen , d aß  die 
in  L ösungen  m it h o h em  G lyceringchalt vo rliegenden  G lycerinoxon ium ionen  
(C H 2O H - C H O H - C H 2O H +, CHaO H 2+ - C H O H - C H ,O H + )  den  S trom  n ic h t 
n u r  d u rch  h y d ro d y n am isch e  W an d e ru n g , sondern  auch du rch  P ro to n e n ü b e r
g a n g  le iten , ähn lich  w ie die O H ^-Io n en  in  w äß rig er Lösung oder in L ösungen  
m it  h o h em  W asse rg eh a lt. In  L ösungen  m it m in im aler L e itfäh ig k e it sind  die 
U m s tä n d e  sow ohl fü r  die H ydro x o n iu m - als auch  fü r die G lycerinoxon ium 
io n en  am  u n g ü n s tig s te n , u n d  der p ro to tro p e  W anderungsm echan ism us sp ie lt 
h ie r  im  S tro m tra n sp o r t  die geringste R olle .

D er W ert des y lij-P roduk tes is t in  G lycerin  w esentlich h ö h e r als in  W asser. 
S ein  ste iler A nstieg  in  Lösungen m it n ied rig em  W assergehalt w eist d a ra u f  
h in ,  d aß  die W assersto ffionen  in  so lchen  L ösungen  überw iegend  in  F o rm  von  
G lycerin o x o n iu m io n en  vorliegen, u n d  die B eteiligung d ieser Ionen  an  der 
L e itu n g  viel g rö ß er is t, als in w äßrigen  L ösungen . Dies w ird  auch  du rch  die 
T a tsa c h e  b e s tä tig t ,  d a ß  die Ü b erfü h ru n g szah l der W asserstoffionen in G lycerin  
h ö h e r  is t, als in  W asser [8]. Die s ta rk e  p ro to tro p e  L eitung  k an n  d am it e rk lä r t  
w e rd e n , daß  im  G lycerinoxon ium ion  m e h r P ro to n en  au s tau sch fäh ig  sin d , als
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im  H y d ro x o n iu m io n , w odurch die a u f  die L e itfäh ig k e it in  en tg eg en g ese tz te r 
R ich tu n g  w irkende hohe V iskositä t ü b e rk o m p e n s ie rt w ird .

D as /lr j-P ro d u k t is t auch fü r  K Cl u n d  K F  in G lycerin lösungen g rö ß e r 
als in  W asser (A bb. 5). H ieraus k a n n  a u f  die A u flo ck eru n g  der F lü ss ig k e its 
s t ru k tu r  durch  die Io n en k ra ftfe ld e r geschlossen w erd en . Diese W irk u n g  ge
la n g t jedoch  m it ste igendem  G ly cerin g eh a lt n u r  a llm äh lich  zu G e ltu n g , so 
d aß  sie keine p lö tz lich e  große Ä n d e ru n g  h e rv o rru f t.

O ffensich tlich  t r i t t  die in der u n m itte lb a re n  U m g eb u n g  der Ionen  z u s ta n 
dekom m ende s tru k tu rlo ck e rn d e  W irk u n g  au ch  im  F alle  d er W assersto ffionen  
au f, w as nach  je  e inem  P ro to n en ü b e rg an g  die fü r  den n äch sten  Ü b e rg an g  
günstig e  D rehung  des L ösungsm itte lm olekü ls e rle ich te rn  w ürde, deren  G e
schw ind igkeit n a c h  d e r Theorie v o n  Co n w a y , B o c k r is  u n d  L in t o n  [6] fü r  
die p ro to tro p e  L e itu n g  d e te rm in ie rend  is t. Es is t jed o ch  k au m  a n zu n eh m en , 
daß  d ieser D reh u n g  im  Falle der n ic h t  k u g e lsy m m etrisch en  G lycerinm olekülc  
eine b ed eu ten d e  R o lle  zukom m t. E s  d ü rfte  w ah rsche in licher sein, d a ß  die 
S tru k tu r  des G lycerins einen sich fo r tp fla n z e n d en  P ro to n en ü b e rg an g  o h n e  
D rehung  der M oleküle zuläßt. D am it w äre  es zu  e rk lä ren , d aß  die L e itfäh ig k e it 
von  W assersto ffionen  in  Glycerin re la tiv e  g rößer is t , als dies au f G ru n d  d e r 
hohen  V iskositä t im  Vergleich zu d e r in  Ä th y len g ly k o l gem essenen L e i t 
fäh ig k e it [3] zu e rw a rte n  wäre.

D as /l i j-P ro d u k t von K O H  is t  in  G lycerin b e d e u te n d  größer a ls in  
w äßriger Lösung. W en n  m an dazu n o ch  b e d e n k t, d aß  au ch  die Ü b e rfü h ru n g s
zahl d er H y d ro x y lio n en  in G lycerin lösung e rfah ru n g sg em äß  [8] höher als in  
W asser is t, liegt es a u f  der H and, d a ß  in  G lycerin au ch  ein P ro to n en ü b e rg an g  
n ach  dem  Schem a

R 0 “ T r Ö H  í ± R O H  +  R O -

m öglich is t. Es sc h e in t daher w ahrschein lich  zu sein , d aß  in  G lycerin sow ohl 
die R O H ,1 — als a u c h  die RO “-Io n en  zu  einem  P ro to n e n a u s ta u sc h  fäh ig  s in d , 
änh lich  wie OH-^" — u n d  OH “-Io n e n  in  w äß rig er L ö sung . Diese F o lg e ru n g  
w ird  auch  du rch  u n se re  U n te rsuchungen  im  zw eiw ertigen  A lkohol Ä th y le n 
glykol [3] b e s tä tig t ,  bei denen fü r  d as  y lrj-P roduk t von  K O H  u n d  fü r  die 
Ü b erfü h ru n g szah l des H ydroxylions a n n ä h e rn d  d e r gleiche W ert g efu n d en  
w urde , wie in w äß rig e r  Lösung. W enn  w ir diese A n n ah m e m it den E rg eb n issen  
der in  e inw ertigen  A lkoholen d u rc h g e fü h rte n  U n te rsu ch u n g en  verg le ichen  
[1, 2] — bei denen  w ir im  E ink lang  m it R e su lta te n  a n d e re r  F orscher [9] zu  
der F es ts te llu n g  g e lan g ten , daß die H y d ro x y lio n en  in  K O H -L ösungen  h y d ro 
d ynam isch  le iten  —, erschein t es w ahrsch e in lich  zu sein , d aß  die größere Z ah l 
der H y d ro x y lg ru p p en  u n d  infolgedessen die einen ro ta tio n sfre ien  P ro to n e n ü b e r
gang erm öglichende F lü ss ig k e itss tru k tu r günstige  V erh ä ltn isse  fü r den  P ro 
to n en ü b e rg an g  u n d  fü r  das Z u stan d ek o m m en  von  R O  “-Io n en  schafft.
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W enn  zu einer L ösung  von  K O H  in  G lycerin W asser gegeben  w ird , so 
n im m t das A tj-P ro d u k t m o n o to n  ab , w as d a ra u f  h in w eist, d aß  sieb  das 
G leichgew ich t

R O -  +  H 20  ;± R O H  +  O H -

m it  ste igendem  W asse rg eh a lt n u r  a llm äh lich  n ach  rech ts v e rsch ieb t, da  die 
P ro to n e n a f f in i tä t  des W assers größer is t  a ls die des A lkohols. D ie R O  “-Io n en  
le i te n  jed o ch  auch  be i d e r gestö rten  A lk o h o ls tru k tu r  n ach  einem  p ro to tro p e n  
M echan ism us, w äh ren d  die H y d ro x y lio n en  überw iegend h y d ro d y n am isch  
w a n d e rn . M it s te igender W a sse rk o n z e n tra tio n  ä n d e rt sich — d e r Ä n d eru n g  der 
F lü ss ig k e its s tru k tu r  u n d  d e r V ersch iebung  des G leichgew ichts e n tsp rech en d  — 
a u c h  d ie  B eteiligung  d e r R O  ~- u n d  O H  “ -Io n e n  an der p ro to tro p e n  L e itu n g , 
d ie  d a n n  bei einem  W asse rg eh a lt von  e tw a  95 M ol%  ein M inim um  e rre ich t. 
E in e  w eitere  E rh ö h u n g  des W assergeha ltes sch afft fü r die p ro to tro p e  L e itu n g  
d e r  H y d ro x y lio n en  g ü n stig e  V erh ä ltn isse , u n d  d em en tsp rech en d  s te ig t d er 
W e r t  des A ij-P roduk tes b is zu dem  der w äß rig en  Lösung e n tsp rech en d en  W ert 
a n .

W ie aus A bb. 5 e rsich tlich  is t, n im m t das P ro d u k t Лrj der K O H -L ösungen  
s e lb s t  in  G em ischen, die dem  M inim um  d e r  p ro to tro p en  L e itu n g  en tsp rech en , 
n ic h t  b is zu den in  KCl- bzw . K F -L ö su n g en  gefundenen W erten  ab . D ies 
l ä ß t  a u f  eine die F lü ss ig k e itss tru k tu r lo ck e rn d e  W irkung d er H y d ro x y lio n en  
sch ließ en . In  der U m gebung  der H y d ro x y lio n en  n im m t die M ik ro v isk o sitä t 
d e r  L ösung  ab , u n d  dem zufolge w ird  d ie  h y d rodynam ische  B ew eglichkeit 
g rö ß e r , als dies d er M ak ro v isk o sitä t d e r  L ösung  en tsp rech en  w ürde .

D er U n tersch ied  zw ischen der s tru k tu r lo c k e rn d e n  W irk u n g  v o n  H y d ro x y l
io n e n  u n d  F luorid- bzw . C hloridionen is t  o ffen b ar jen er T a tsa c h e  zuzuschre i
b e n , d a ß  die L a d u n g sv e rte ilu n g  bzw . das K ra ftfe ld  der F luo rid - bzw . C hlorid
io n e n  k uge lsym m etrisch  is t, das des H y d ro x y lio n s h ingegen  w ahrschein lich  
n ic h t .  Es k an n  d ah e r angenom m en w erd en , daß  die au fsp a lte n d e  W irk u n g  
d e r  H ydrox y lio n en  a u f  die W asse rs to ffb rü ck en  und  die D ipo l-D ipo l-B indun- 
gen  — die in der G es ta ltu n g  der F lü ss ig k e its s tru k tu r  eine R olle sp ielen — 
in  G lycerin  w esentlich  s tä rk e r  is t, als d ie  der kugelsym m etrischen  F luo rid - 
u n d  C hloridionen.

310 ERDEY-GRŰZ, KUGLER: WANDERUNGSMECHANISMUS VON WASSERSTOFFIONEN, V III.

Z U SA M M E N FA SSU N G

D ie A q u iv a len tle itfäh ig k e it des in  G lycerin  ge lösten  HCl n im m t bei Z ugabe von  w enig 
W a sse r  ab , d u rch läu ft bei 8 M ol%  W asserg eh a lt e in  M inim um , u m  d a n n  w ieder anzuste igen . 
D ie  A q u iv a le n tle itfäh ig k e it v o n  K O H -L ösungen  ä n d e r t  sich bis zu e inem  W asserg eh a lt von  
e tw a  40 M ol% , die d e r K C l- u n d  K F -L ö su n g en  b is zu etw a 60 M ol%  n u r  w enig, u n d  s te ig t 
d a n n  ste ile r bis zu den  den  w äßrigen  L ösungen  en tsp rech en d en  W erten  an.

D as P ro d u k t de r A q u iv a len tle itfäh ig k e it u n d  de r V iskositä t v o n  in  G lycerin  gelöstem  
H C l, n im m t von einem  W ert, de r b ed eu ten d  g rö ß e r is t  als der fü r w äßrige  L ösung , m it s te i
g e n d e m  W assergehalt s te il ab , ä n d e rt sich im  B ere ich  von 15 bis 50 M ol%  W asserg eh a lt 
k a u m  u n d  n im m t ü b e r d iesem  W ert fa s t lin ea r ab . In  K O H -L ösungen  w eist das / l^ -P ro d u k t 
b e i e inem  W assergehalt v o n  95 M ol%  ein M in im u m  auf.
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D ie A k tiv ie ru n g sen erg ie  der L e itfäh ig k e it v o n  HCl b e s itz t  in  e iner L ösung von  4 M ol%  
W asserg eh a lt ein M a x im u m , u m  dann  v o n  d em  W e r t  v o n  13,8 kcal/M ol fa s t  lin ea r b is zu  d em  
der w äßrigen  L ösung  en tsp rech en d en  W e r t  ab zu n eh m en . D ie A k tiv ierungsenerg ien  d e r L e it
fä h ig k e iten  von  K O H , K C l, und  K F  n e h m e n  m it s te igendem  W asserg eh a lt m o n o to n  ab .

A u f G rund  d e r  Y ersuchsergebnisse  k a n n  fe s tg e s te llt  w erden , d aß  die G lycerinoxonium - 
ionen  in  L ösungen  m it  h o h e m  G lyceringehalt d en  S tro m  n ic h t n u r  d u rc h  h y d ro d y n am isch e  
W an d e ru n g , so ndern  in  e inem  b ed eu ten d en  M aße a u ch  d u rc h  P ro to n en ü b erg an g  le iten .

E s  sch e in t w ah rsch ein lich  zu sein, d a ß  in  G lycerin  au ch  die G lycera tionen  zu P ro to n e n 
a u s ta u sc h  fäh ig  sind , ä h n lic h  wie die H y d ro x y lio n en  in  w äß rig er Lösung. In  der re la tiv  s ta rk e n  
B ew eglichkeit der H y d ro x y lio n en  k o m m t ih rem  n ich t-k u g elsy m m etrisch en  K ra ftfe ld  e ine  
R olle  zu , sie ü b en  e in e  s tä rk e re  s tru k tu r lo c k e rn d e  W irk u n g  au s, als d ie ku g e lsy m m etrisch en  
F ~ -  u n d  C l~-Ionen.
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DIE KATALYTISCH KINETISCHE DEUTUNG 
DER SCHEINBAR REVERSIBLEN DREIECKREAKTION  

ERSTER ORDNUNG DER n-BUTENISOMERISIERUNG

D . K a l l ó

(Zentralforschungsinstitu t f ü r  Chemie der U ngarischen A kadem ie der W issenschaften, B ud a p est)  
E ingegangen a m  22. N o vem ber 1967

1. Die form elle  D reieck reak tion

U nsere frü h e re n  U n te rsu ch u n g en  h ab en  bew iesen , d aß  die U m w an d 
lungen  der drei n -B u ten iso m eren  in e in a n d e r  a u f  sau ren  O x id k a ta ly sa to ren  
m it einem  D re ieck reak tionsschem a c h a ra k te ris ie r t w erden  können , in dem  
die einzelnen S c h ritte  reversibel s in d  [1]. N euerd ings h a b e n  w ir die U m iso
m erisierung  von n -B u te n e n  auch an  K a tio n e n a u s ta u sc h h a rz e n  d u rch g efü h rt 
[2]. Aus dem  V erlau f d e r  K o n v ersio n sk u rv en  k o n n te n  h in s ich tlich  der D re ieck 
reak tio n  die g leichen Schlüsse gezogen w erden .

A uch hei d iesen  U n te rsu ch u n g en  h ab e n  w ir eine s tän d ig e  A k tiv itä ts 
ab n ah m e des K a ta ly s a to rs  b eo b a c h te t. D ie V ersuche w u rd en  in einer s ta t i 
schen  G a sz irk u la tio n sa p p a ra tu r  [3] d u rc h g e fü h rt, u n d  die Z usam m ensetzung  
des G asgem isches v o n  n -B u ten en  w u rd e  von  Zeit zu Z eit b e s tim m t. N ach e tw a  
einer ha lben  S tu n d e  w a r  die K o n z e n tra tio n  der p ra k tis c h  reinen  A usgangs
k o m p o n en te  1 -B u ten  a u f  ca. 20%  g esu n k en . N ach  E v a k u ie re n  u n d  W ieder
auffü llen  des S ystem s w urden  die zu  rep ro d u z ie ren d en  K onversionskurven

Abb. 1. Die S e le k tiv itä tsk u rv e  d e r ra-B utenisom erisierung a u f  sau rem  K a tio n e n au s ta u sc h h a rz  
»A m berlyst 15« bei 30 — 750 T o rr  und  100 °C ; x x: M olenbruch  v o n  1 -B u ten , x-,: M olenbruch

von c is-2 -B u ten
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b e s tim m t. Die N eigungsw inkel der e in a n d e r folgenden K u rv e n  w u rd en  im m er 
k le in e r , weil die A k tiv i tä t  des K a ta ly sa to rs  s tän d ig  a b n ah m . W enn  ab er die 
K o n z e n tra tio n  der einen  K o m p o n en te  als F u n k tio n  der K o n z e n tra tio n  der 
a n d e re n , d. h . also, eine S e le k tiv itä tsk u rv e  aufgenom m en w ird , wie z. B . 
a u f  A bb . 1 =  / 2(жj), w obei x i der M olenbruch  der K o m p o n en te  c is-2 -B uten
u n d  x 1 d e r von 1 -B u ten  is t , so e rh ä lt m a n  unab h än g ig  vom  A k tiv itä ts z u s ta n d  
des K a ta ly sa to rs  den g leichen Z u sam m en h an g  zwischen d iesen  G rößen. E s 
w u rd e  fe rn er gefunden , d a ß  die Ä n d eru n g  des D ruckes (von 30 bis 750 T o rr) 
d en  V erlau f der S e le k tiv itä tsk u rv e  n ic h t bee in fluß t. D ie fü r  diesen K o n ta k t  
e rh a lte n e  K urve  lä ß t  sich a u f  G ru n d  d e r reversib len  D re ieck reak tio n  e rs te r  
O rd n u n g  folgenderw eise d eu ten :

D ie R eak tio n  lä u f t  n ach  dem  S chem a 1 ab.

w obei © 1 -B u ten ,
© c is-2 -B u ten  und  
® írem s-2-B uten

im  gasförm igen Z u s ta n d  b e d e u te t.

D ie en tsp rech en d en  R eak tionsgeschw ind igke itsg le ichungen  sind :

~  =  (̂ 13 +  ^1 2 ) P l ^ 2 1 P 2 3̂1 Р з  ■> (1)
d t

dn.,
d t

( ^ 2 1  ^ 2 3 ) P 2  ^ з г Р з  ^ 12P i  1 ( 2)

dn -л
dr

— (̂ 32 "Í~ ^ 3 l )  Р з K í P l ^23 Р 2  ’ ( 3 )

п =  M olenzahl in  der G asphase , in  Mol, 
г  =  K o n ta k tz e it , in  g Kat s,
к — G esch w in d ig k e itsk o n stan te , in  Mol T o rr-  gi<at s— ,
1, 2, 3 =  a u f  1 -B u ten , e is-2 -B u ten  und  íran s-2 -B u ten  h inw eisende 

Ind izes,
12, 21, 23, 32, 31, 13 =  Ü b erg än g e  nach  dem  Schem a 1.
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N ach D iv id ieren  von  Gl. (2) durch  Gl. (1) e rg ib t sich:

d n 2   ( ^ 2 1  ~b ^23) P 2 ^32 Рз ^ 1 2  Pl
d n l (k13 +  k 12) p 1 — k.n p 2 — k31p 3

(4)

D a die M olenzahl n, d e r P a rtia ld ru c k  p  bzw . d er M olenbruch  x  w ährend  der 
U m w andlungen  p ro p o rtio n a le  G rößen sind , k a n n  s t a t t  Gl. (4) steh en :

d x 2 _ _  ( ^ 2 1  ~l~ ^ 23 )  X2 ^ 3 2  X3 ^ 1 2  X1
d x x ( k 13 +  fe 1 2 )  x x — k.n  x 2 k3l x 3

D a alle G esch w in d igke itskonstan ten  (fe) in  Gl. (5) gleiche D im ensionen  h a b e n , 
lä ß t  sich die re c h te  Seite  d er G leichung d a d u rc h  v e re in fach en , u n d  m an e rh ä lt 
die D ifferen tia lg leichung  d er S e lek tiv itä tsk u rv e  x 2 =  f 2(xx) m it d im ensions
losen G esch w in d igke itskonstan ten  (k'):

d x 2   (&21 ~1~ ^23) X2 ^32 хз ^ 1 2  X1
dx  1 (*И 4" ^12) * 1  ^ 2 2  X2 &31 X3

N ach D iv id ieren  des Zählers u n d  des N enners a u f  d er rech ten  Seite d er 
Gl. (6 ) du rch  k'i2 e rh ä lt  m an  die a u f  k'l2 bezogenen  re la tiv e n  W erte  der G e
sch w in d ig k e itsk o n stan ten  :

k'12 ^  1 ,

k 23 =  K 3/k'l2 usw .

M it v e rsch iedenen  k " - W erten  w urde  Gl. (6 ) n u m erisch  in te g rie rt, u n d  
le tz te n  E ndes w u rd en  jen e  & "-W erte b e s tim m t, m it denen  rechnerisch  eine 
K u rv e  e rh a lten  w ird , die sich der a u f  A bb . 1 d a rg es te llten  experim en te llen  
K u rv e  am  b es ten  a n n ä h e r t . D ie völlig u n rege lm äß igen  A bw eichungen der 
M olenbrüche b e tru g en  d u rch sch n ittlich  0,003 e n tla n g  d er S e lek tiv itä tsk u rv e  
x 2 =  f A x i) ' m  B ereich  von  x x =  0 ,20—0,90. D ie e n tsp rech en d en  re la tiv en  
G esch w in d ig k e itsk o n stan ten  sind:

k[ '  =  1 k2X =  0,23 ±  0,02

k "  =  1,5 ±  0,1 =  0,7 ±  0,02 (7)

K i  =  0,17 ±  0,02 к "  =  1,5 ±  0,1

die — wie gezeigt w urde  — im  ganzen K onversionsbere ich  g ü ltig  sind . (T ro tz  
der g u ten  Ü b ere in stim m u n g  der gem essenen u n d  b e rech n e ten  K u rv en  sind  
die e rh a lten en  G esch w in d igke itskonstan ten  m it b e trä c h tlic h e n  U ngew ißhei
te n  b e h a fte t, weil die S e lek tiv itä tsk u rv e  ziem lich  c h a rak te rlo s  is t.)  D as w eist 
d a ra u f  h in , d aß  die G ü ltig k e it der form ellen D re ieck rea tio n  fü r  diese Isom e
risie rung  h insich tlich  d e r S e lek tiv itä t als bew iesen  b e tra c h te t  w erden  k a n n .
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2. S ternschem a der k a ta ly tisch en  R eak tio n

A lldiese B eh au p tu n g e n  sind  se lb s tv e rs tän d lich  n u r  g ü ltig , w enn  die K in e 
t ik  d e r n -B u ten isom erisie rung  p hänom eno log isch  b e tra c h te t  w ird . D ie U m se t
zu n g en  sind  ab er E rgebn isse  k a ta ly tis c h e r  V orgänge, bei denen  b e k a n n tlic h  
d re i T eilprozesse n ac h e in a n d e r a b la u fe n : die A bso rp tio n , die O b erfläch en 
re a k tio n  u n d  die D eso rp tion .

D as w ürde a u f  G ru n d  des phänom eno log ischen  D reieckschem a fo lgen 
des b e d e u te n :

S chem a 2,

w obei □  a u f  den  a d so rb ie rte n  Z u stan d  h inw eist.

N ach  diesem  Schem a so llte  also jed es  einzelne Isom ere  in  zwei ad so rb ie rten  
Z u s tä n d e n  V orkom m en bzw . sollte  zw ischen  sechserlei F o rm en  von  ad so rb ie r
te n  n -B u te n  u n te rsch ied en  w erden  k ö n n en . Diese A n n ah m e sch e in t k au m  
h a l tb a r  zu sein, w eil die an B rö n sted sch en  sau ren  Z en tren  ad so rb ie rte n  n- 
B u ten iso m eren  als n -B u ty lca rb o n iu m io n en  m it d er gleichen chem ischen  F orm el 
zu  b e tra c h te n  sind  [4]:

C H 2 =  C H - C H 2- C H 3

СНз\сн= сн /СНз 
СНз\сн=сн сн3

N ach  dieser F o rm u lie ru n g  sind  n u r  E in ze lb indungen  v o rh an d en , u n d  deshalb  
is t  es sehr unw ahrschein lich , d aß  sich  die aus den  v ersch ied en en  Isom eren  
g eb ild e ten  n -B u ty lca rb o n iu m io n en  im  stab ilen , n ic h t a k tiv ie r te n  Z u stan d  
v o n e in a n d e r u n te rsch e id en . Diese u rsp rü n g lich e  V orste llung  von  P in e s  und  
H aag  [ 4] über die S tru k tu r  von einem  einheitlichen  sec -B u ty lcarbon ium ion  h a t  
B r o u w e r  abge lehn t [5], seine V ersu ch sd a ten , a u f  die er sich g e s tü tz t h a t ,  sind 
a b e r  zu ungenau .

W enn die dre i n -B u ten iso m eren  im  ad so rb ie rten  Z u s ta n d  die gleichen 
s in d , is t das phänom enologische D reieckschem a du rch  ein der k a ta ly tisc h e n  
U m w an d lu n g  an g ep aß te s  »Stern«- o d er Y -Schem a zu e rse tzen , n ach  dem  die

+  H + K a t -  -  CH3-  + C H - C H 2- C H 3 K a t -  .
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k a ta ly tisc h e  n -B u ten iso m eris ie ru n g  ü b e r das sec-B u ty lca rb o n iu m io n  als 
gem einsam es Z w ischenproduk t v o r sich  gehen k a n n :

Ф  

-1 1

w obei [X | das gem einsam e Z w isch en p ro d u k t au f der K a ta ly sa to ro b e rflä c h e  is t.

D er E rsa tz  des Schem as 2 d u rc h  das e in fachere Schem a 3 e rg ib t, daß  
die sog. O b erfläch en reak tio n  völlig  w egfä llt, die U m w an d lu n g en  also m it 
d er Ad- bzw. D eso rp tio n  g leichzeitig  s ta ttf in d e n .

3. Kinetische Gleichungen der katalytischen n -Butenisom erisierung

A uf G rund d er G ü ltigkeit der f ü r  das Schem a 1 au fg este llten  S e lek tiv i
tä tsg le ich u n g  (6) is t die Isom erisie rung  in  p rak tisch  v o llen  E in k lan g  m it den 
E rfah ru n g en  phänom enologisch  zu d e u te n . D aher soll gezeig t w erden , d aß  die 
form ell nach  dem  S chem a 1 ab lau fen d e  Isom erisierung  k in e tisch  au ch  du rch  
das Schem a 3 w idersp ruchslos b esch rieb en  w erden k a n n .

In  diesem  S inne können  die U m w and lungsg esch w in d ig k e iten  d er e in 
zelnen Isom eren  wie fo lg t angegeben w erden :

dT — k i (co cx ) Pi  — k - i  cx  »

— ^ 2  ( C0 Cx)  P -2 k - 2 CX i  dT

d n 3
d t k3 (c0 — cx) Рз k -3 cx  .

( 8)

(9)

( 10)

n  =  M olenzahl in  d er G asphase, in  Mol, 
г  =  K o n ta k tz e it, in  g Kat s,
k v  k 2, k3 =  G esch w in d ig k e itsk o n stan ten , in T o r r^ 1 s_1,

i, k __2, к _3 =  G esch w in d ig k e itsk o n stan ten , in  s—1,
c0 — A nzahl d er a k tiv e n  Z e n tre n , in  Mol gKat,
c x =  O b erfläch en k o n zen tra tio n  des Z w ischenproduk ts X , in Mol g^at» 
1, 2, 3, —1, —2, —3 =  Ü b erg än g e  n ach  dem  Schem a 3.
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A us der S tö ch io m etrie  des Prozesses fo lg t fe rn e r, d aß

d n x
d r

d n i I

dr
d n 2
dr

+
dfin

dr
d n g
dr (И )

is t ,  w obei n x die M olenzahl von  X , in  Mol u n d  ng die M olenzahl in  der G as
p h a se , in  Mol, b e d e u te t. A us den Gl.-en (8), (9), (10), (11) is t cx  au szu d rü ck en :

d n x
{k 1p 1 +  k 2p 2 +  k3p 3) c 0

d r
( 12)

k i p x -\- k.2p 2 -\- k3p 3 -f- k _ x +  к —2 +  k _ 3

u n d  als n ich t gem essene G röße zu elim in ieren . So e rh ä lt m an  n a c h  gew isser 
U m o rd n u n g  die G eschw ind igkeitsg le ichungen  wie fo lg t:

_  fc*3 _|_ k x k t 2) CoP j — fc, k * 1 c0p 2 — k 3 к*! c0p 3\ X
dr

k l p 1 +  k 2p 2 +  k3p 3_______

w obei

X Ц

+

k lP l  +  k 2 P 2 +  кзРз +  k ~ l +  k -2 + k  -3 
k 1p 1 -f- d n x

+

dn 9 

dr

k l P l  +  k i P 2 +  кзРз +  k - l  +  k - 2  +  k -3 d r  

=  [(fe2 k *-l +  k 2 к *з) CoP2 k 3 k ~ 2  СоРз k l k * 2  CoP l] X

X 1 -

+

k l P l  +  k 2P i  +  кзРз

k lP l  +  k 2P 2 +  кзРз +  к - 1  +  k - 2  +  k -3
+

k 2 P2 ~k k—2 dfiy

k l P l  ~k k%P2 "к кзРз ~k k —l  +  к —2 "к к - з  dr

d n 3

dr — [{кЗ к -2 k3 k - l )  СоРз k l k *3CoPl к2 к —3 к) Р з\ X

X

+

1 — k lP l  "к к 2Р ‘2 ~к кзРз
k lP l  "к к 2Р 2 "к кзРз “к к — 1 “к к —2 "к к —3

+

кзРз “к  к—з
k l P l  +  к 2Р 2 "к кзРз "к к — 1 +  к—2 +  к -

dn^
d r

к * г =

L.* _i t _9 —

L * _К-з —

f c _ i

к _  ̂-|— к_2 "к к_з

к _г

k —i ~к к —2 “к к _з 

к _п

ohne D im ension , 

ohne D im ension , 

ohne D im ension ,
k —i ~k k — 2 +  к—з

die D eso rp tionsw ahrschein lichkeiten  von  X  in 1, 2 u n d  3 sin d .

(13)

(14)

(15)
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D en E rfah ru n g en  n a c h  k ö n n en  die zw eiten G lieder d er rech ten  Seite  
d e r G l.-en (13), (14) u n d  (15) v e rn ach läss ig t w erden . D ie V ersuche w urden  
in  e iner s ta tisch en , geschlossenen G a sz irk u la tio n sa p p a ra tu r  (s. u n te r  1) d u rc h - 
g e fü h rt, in  der die M olenzah länderungen  der einzelnen Iso m eren  in  d er G as
p h ase  den Ä nderungen  d e r b e tre ffen d en  P a rtia ld rü c k e  bzw . die G esam tm olen 
zah län d eru n g  [— drig =  dny',  s. Gl. (11)] der G esam td ru ck än d eru n g  en tsp rech en - 
D er G esam td ru ck  blieb  in  d er V ersuchszeit in n e rh a lb  d er M eßgenauig
k e it ( i l  T orr) k o n s ta n t, w ä h re n d  sich die P a rtia ld rü c k e  in  d er G rößenordnung  
v o n  100 T o rr än d e rte n . W enn  dem nach  Gl. (14) d u rch  Gl. (13) d iv id ie rt wird,. 
u n d  die zu r Gl. (5) b e n ö tig te n  V orausse tzungen  an g en o m m en  w erden , so er
h ä l t  m a n :

^ X 2 __ (k2 fc - l  ~Ь ^2 fc*3) X 2 fc3 ^*2  X 3 ^T ^ -2 '*'1 (161
dx1 (kx k*  3 +  k t k * 2) x 1 — k 2 k* t x 2 — k3k * t x3

A u f der rech ten  Seite d er Gl. (16) is t die V erein fachung  d u rch  die D im ension 
von  k v  к 2 bzw . k3 erm ö g lich t, u n d  so e rg ib t sich die D iffe ren tia lg le ichung  d e r  
S e lek tiv itä tsk u rv e  x 2 = / 2(ху):

d x 2 =  ( K  k *!  +  k'2 k * 3) x 2 —  k ' k * 2 x 3 —  k [ k * 2 x x

d x 1 (k [ k * 3 - f -  k[ k * 2) x 1 —  k'2 k * 2 x2 — k'3 x3

Die vollkom m ene Ü b ere in s tim m u n g  der phänom enolog isch  e rha ltenen  
Gl. (6) m it der a u f  G ru n d  des M echanism us der k a ta ly tisc h e n  Isom erisie rung  
ab g e le ite ten  Gl. (17) is t o ffensich tlich . D ie dim ensionslosen G eschw ind igkeits
k o n s ta n te n  en tsp rech en  e in an d e r a u f  fo lgende W eise:

у   у  L* у   у  L*IVJ2   Л/_ 1 Л-21   Л’2 **' — 1

к2з =  к2 к*з к32 =  к3 к*2 (18)
У  _ у  L* у   , у  L*ге31 —  к 3 к _ 1 к 13 = >  к I  к _ з  .

E s is t b em erkensw ert, d aß  im m er P ro d u k te  der G esch w in d ig k e itsk o n stan ten  
in  b e s tim m te r K o m b in a tio n  V orkom m en. Diese P ro d u k te  w iederspiegeln  in 
jed em  Falle die k in e tisch en  K onsequenzen  des v o rau sg ese tz ten  S te rn m ech a
n ism u s:

U m  die G eschw ind igkeiten  d er U m w andlung  e iner allein  anw esenden  
K o m p o n en te  (z.B. x L =  1) in  die w eite ren  zwei K o m p o n en ten  (2 u n d  3) 
au sd rü ck en  zu können , m u ß  die A dsorp tionsgeschw ind igkeit (k[ )  m it den 
den  zwei U m se tzu n g sp ro d u k ten  en tsp rech en d en  D eso rp tionsw ahrsche in lich - 
k e ite n  (fe* 2, fc* 3) m u ltip liz ie rt w erden . D as P ro d u k t m it d er eigenen D esorp
tionsw ah rsch e in lich k e it d e r K o m p o n en te  1 (k* ( ) w ürde deren  R ü ck b ild u n g s
geschw indigkeit (k [ k*Li) an g eb en , die a b e r eine exp erim en te ll n ic h t zu b e 
stim m en d e  U m w andlung  is t.
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4. A nw endung  der k inetischen  G leichungen

B eim  V ergleich d e r G l.-en (6) u n d  (17) zeig t sich, d aß  die B estim m ung  
d er re la tiv en  G esch w in d ig k e itsk o n stan ten  a u f G ru n d  des D reieckschem as 1 
v ie l le ich te r is t, als a u f  G ru n d  des S tern - oder Y -S chem as 3. A us Gl.-en (18) 
k ö n n te n  die sechs U n b e k a n n te n  k{, k'%, k 3, k*_i, k*L2, k*_3 in  K en n tn is  von 
k[2, ^ 2 3> k'31, k'n , k 32, k{3 n u r  d an n  b e rech n e t w erden , w enn die sechs Gl.-en (18) 
u n ab h än g ig  w ären . D as is t ab e r n ic h t der F a ll: jed e  d e r e rs te n  fü n f  G leichun
gen  d e te rm in ie rt die sechste :

K /k* l N 
* 1 k'3/k% к ,  k 2 K 3

K /k*2 k'Jk*  3 k[/k*l K 2 K 3 K ,

k' Vк12 л 23 k.ii _ ТУ- ту~ X2 X3 Xl
а 1 2  л 23  Л 3 1  — _  _  _

k21 k 32 ^13 * 1  X 2 x 3
(19)

К  =  G le ichgew ich tsk o n stan te , 
x  =  M olenbruch im  G leichgew icht.

D ie sechste u n ab h än g ig e  G leichung is t [s. die S ym bole in  Gl. (15)]:

k \  +  к +  k* 3 = 1 .  (20)

So k ö nnen  die G esch w in d ig k e itsk o n stan ten  fü r  das Y -S chem a m it denen fü r 
d as  D reieckschem a wie fo lg t angegeben  w erden :

К  — ^12 +  ■ X„2, 31 +  Кк'
r e 3 2  

/too k-t I

13

k'2 =  k '23 +  12-  +  k'2l
К з

k '  —  k '  4 -  ^ 31 ^ 23 _I_ k '  K3 —  №3 1  ' ,  г  л 32

^21

( 21)

D ie a u f  das Y -S chem a gü ltigen  D eso rp tio n sw ah rsch e in lich k eiten  aus den a u f  
das D reieckschem a gü ltigen  G esch w in d ig k e itsk o n stan ten  zu  berechnen , is t seh r 
k o m p liz ie rt u n d  u m  das zu v e rm eid en , w erden die A u sd rü ck e  d er D eso rp tions
w ahrsche in lichkeiten  in  den fo lgenden  ein facheren  F o rm en  angegeben:

( 2 2 )
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Die m it den  in  G l-en (7) angegebenen  d im ensionslosen re la tiv e n  G eschw indig
k e itsk o n s ta n te n  b e re c h n e ten , gleichfalls a u f  k'12 bezogenen W erte  sind :

К  =  2 ,8 ±  0,2 k* x =  0,085 ±  0,01
K '  =  2,6 ±  0,2 k * 2 =  0,36 ±  0,04

fc" =  l , 9 ± 0 , 2  к *з =  0,56 ± 0 ,0 6

Viel au ssag ek rä ftig er s ind  aber die — wie a u f  G ru n d  der Gl. (17) g e s ta t te t  — 
a u f  k i  bezogenen re la tiv e n  A d so rp tio n sg esch w in d ig k e itsk o n stan ten :

K "  =  1
K "  =  0,9 ±  0,1
K "  =  0,7  ±  0 ,1 .

A u f solche W eise k ö n n e n  die re la tiv en  A d so rp tio n sg esch w in d ig k e itsk o n stan 
te n  der dre i n -B u ten  isom eren  b e rech n e t w erden , die a u f  e inem  Io n e n a u s 
ta u sc h h a rz  vom  T yp  »A m berlyst 15« die fo lgende R eihenfolge zeigen: 1 -B u ten> - 

c is-2 -B u ten  írem s-2-B uten, u n d  die fü r  die D eso rp tion : 1 -B u ten  cis- 
2 -B u ten  <7 íran s-2 -B u ten .

D ie geschilderte  k in e tisch e  M ethode erm öglich t dem nach  eine eingehen 
dere U n te rsu ch u n g  des Isom erisa tionsm echan ism us.

Z U SA M M EN FA SSU N G

D ie K in e tik  de r n -B u ten iso m eris ie ru n g  a u f  sau ren  K a ta ly sa to re n  lä ß t  sich p h ä n o 
menologisch  a u f  G rund e in e r reversib len  D re ieck reak tio n  e rs te r  O rdnung  besch re iben , k a n n  
a b e r au ch  als ein k a ta ly tisc h e r  V organg g ed eu te t w erden , bei dem  die B ildung  des sec-B u ty l- 
carb o n iu m io n s als ein gem einsam es Z w isch en p ro d u k t angenom m en w ird . D em en tsp rech en d  
sp ie lt sich die K o n ta k tre a k tio n  n ach  dem  Schem a

" c is-2 -B u ten
1 -B u ten  ~  ~ X 'S  ab.

^ -----  tra n s -2 -B u te n

D ie fü r  dieses Schem a ab g e le ite te n  S e lek tiv itä tsg le ich u n g en  kön n en  form ell in  die fü r  das 
phänom eno log ische  D re ieckschem a au fg este llten  G leichungen  ü b e rg e fü h rt u n d  die re la tiv e n  
A dso rp tio n sg esch w in d ig k eiten  u n d  D eso rp tio n sw ah rsch ein lieh k e iten  der e inzelnen  Iso m eren  
b e re c h n e t w erden .
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ÜBER DIE QUANTITATIVE POLAROGRAPHISCHE 
BESTIMMUNG DES MORPHINGEHALTS VON 

MOHNKAPSELN

В. ZSADON und T. PAAL

(C h e m is c h -T e c h n o lo g is c h e r  L e h r s tu h l  der E ö tv ö s  L o r á n d  U n iv e r s i tä t ,  B u d a p e s t )  

Eingegangen am 8. September 1967

Die M ethode v o n  B a g g e s g a a r d -R a s m u s s e n , n a c h  d er M orphin  in  
sa lzsaurem  M edium  m it K a liu m n itr it b eh an d e lt (im fo lgenden  »nitrosiert«) u n d  
n ach  A lkalisierung  p o la rog raph isch  b es tim m t w ird , is t au ch  zur B estim m ung  
des M orph ingehalts  von  M ohnkapseln  allgem ein a n g ew an d t [1]. W ie dies be re its  
in  unseren  frü h e re n  M itte ilungen  eingehend d isk u tie r t  w urde, h ab en  w ir 
m it d ieser M ethode im  F alle  von  M o h n k ap se l-E x trak ten  defo rm ierte  po laro - 
g raph ische (D iffusions-) S tu fen , u n d  au f G rund  d ieser b e re c h n e t, höhere  W erte  
als die ech ten  M orp h in g eh a lte  e rh a lten  [2, 3 ,4 ] . (D iese A bw eichung w ar von  d er 
H e rk u n ft d e r M ohnkapse ln  abhäng ig  versch ieden : im  allgem einen b e tru g  sie 
15 —30% , doch  e rg ab en  sich in  einigen F ä llen  au ch  A bw eichungen von  
35 —45% .) D ieses E rg eb n is  s te h t m it den E rfa h ru n g e n  a n d e re r  A u th o ren  in  
E in k lan g  [5, 6, 7], u n d  seine R ich tigkeit w urde  von  u ns d u rch  sy stem atisch e  
p rä p a ra tiv e  U n te rsu ch u n g en  auch  q u a n tita tiv  b e s tä t ig t  [4].

N ach d er ü b ere in stim m en d en  F ests te llu n g  d er z itie r te n  eigenen M itte i
lungen , sowie d e r A rb e iten  an d ere r A u to ren , solle d iese A bw eichung d u rch  
gewisse w asserlöslichen , das M orphin beg le itenden  S toffe pheno lischen  C h a rak 
te rs  v e ru rsa c h t w erd en , weil auch  diese Stoffe n ach  N itro sie ru n g  dem  M orphin  
gleich eine p o la ro g rap h isch e  A k tiv itä t  aufw eisen. D iese »Störstoffe« sind  a n 
w esend u n ab h än g ig  d av o n  oh d er A uszug d u rch  w äß rig e , w äßrig -sau re , w äß rig 
alkalische E x tra k tio n  oder ohne vorangehende N e u tra lisa tio n  (A ufschluß) 
d u rch  E x tra k tio n  m it einem  organischen L ö su n g sm itte l (z.B . m it A lkohol 
oder A ceton) e rh a lte n  w urde . Falls das M orphin v o r  d er N itro sie rung  m it 
e iner geeigneten  M ethode (z. B. E x tra k tio n  bei p H  8 —9 m it o rganischen  
L ö su ngsm itte ln ) von  den  S tö rsto ffen  g e tren n t w ird , k ö n n en  auch  im  F alle  von  
E x tra k te n  v erläß lich e  E rgebn isse  (m it der p rä p a rie rb a re n  M enge gleiche oder 
n ah ezu  gleiche R e su lta te )  m it der po la rograph ischen  M ethode e rh a lten  w erden .

Die vorliegende M itte ilung  b e faß t sich m it je n e n  U n te rsu ch u n g en , die 
d azu  b e s tim m t w aren , u n te r  den U m ständen  der po la ro g rap h isch en  B estim 
m ung  einen U n te rsch ied  zw ischen dem  V erh a lten  des M orphins u n d  der 
S tö rs to ffe  zu f in d e n , u m  d ad u rch  ohne eine ta tsä c h lic h e  T ren n u n g  der S tö r
stoffe  ih re  S tö rw irk u n g  bei d er po larograph ischen  B estim m u n g  des M orph in 
g ehalts  von M ohnkapseln  bzw . M o h n k ap se l-E x trak ten  au sw erten  zu kö n n en .
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Abhängigkeit der polarographischen Stufenhöhe des Morphins 
von der Dauer und Temperatur der Nitrosierung

N ach  den u rsp rü n g lich en  V o rsch riften  von  H . B a g g e sg a a r d -R a sm u s s e n  
soll d as  M orphin vor der A u fn ah m e des P o larog ram m s in 1 n  sa lzsau rem  M edium  
bei Z im m ertem p era tu r  5 M inu ten  lang  m it K a liu m n itr it b e h a n d e lt u n d  die 
»N itrosierung« dann  d u rch  Z ugabe v o n  K a liu m h y d ro x y d  (A lkalisieren) u n 
te rb ro c h e n  w erden [1]. W en n  w ir die D au e r u n d  die T e m p e ra tu r  d er N itro 
s ie ru n g  än d e rten , zeigte sich  eine g u t rep ro d u z ie rb are  Ä n d eru n g  d er S tu fen 
h ö h e . W en n  die N itro sie ru n g  län g e r als 5 M inu ten  d au e rte , so v e rrin g e rte  sich 
die S tu fen h ö h e , und  zw ar in  um  so g rößerem  M aße, je  h ö h er die T e m p e ra tu r  
w ar. U n sere  N itro sie rungsversuche  w urden  in  einem  U ltra th e rm o s ta t  m it einer 
D a u e r  v o n  5 bis 50 M in u ten  vo rgenom m en.

A bb. 1. Ä nderung  der p o la ro g rap h isch en  S tu fen h ö h e  des M orphins als F u n k tio n  de r N itro 
sie ru n g sd au er (t 5 M inuten)

A b b .2 .  Ä nderung  des V erh ältn isses d e r 30 u n d  5 M in u ten  dau ern d en  N itro sie ru n g  en tsp rechen ' 
den S tu fen h ö h en  als F u n k tio n  de r N itro s ie ru n g s te m p era tu r
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A bb. 1 zeig t die Ä nderung  des Q u o tien ten  der n a c h  t  M inuten d a u e rn 
d er N itro sie ru n g  ( B t )  u n d  nach  5 M in u ten  d au ern d er N itro sie ru n g  gem essenen 
S tu fenhöhe  ( B 5) — d. h . der re la tiv en  S tu fenhöhe als F u n k tio n  der D a u e r  
f t )  d er N itro sie ru n g , bei 20,5, 25,2 27,8 u n d  30,8 °C.

In  A bb . 2 is t  das V erhältn is d er n a c h  30 M inuten d a u e rn d e r  u n d  d er n a c h  
5 M inu ten  d a u e rn d e r  N itrosierung  gem essenen  S tu fenhöhe, B 3J B 5, als F u n k 
tio n  d er N itro s ie ru n g s tem p era tu r  d a rg e s te llt.

A us den  D iag ram m en  in A bb. 1 u n d  2 geht h e rv o r, d aß  die A b n ah m e  
d er S tu fenhöhe e in er chem ischen R e a k tio n  zuzuschre iben  is t, hei d er das 
die p o la ro g rap h isch e  S tu fe  liefernde »aktive« M o rph inderiva t*  in ein » inakti-

Abb. 3. K in e tisch e  A nalyse d e r  Ä nd eru n g  der S tu fen h ö h en

ves« P ro d u k t u m g ew an d e lt w ird. A u f G ru n d  der M eßergebnisse w ar d iese 
A bnahm e von  e rs te r  k in e tisch e r O rd n u n g . D ies w ird  au ch  du rch  A bb. 3 b e 
s tä t ig t ,  wo als B eisp iel fü r bei 30,8 °C d u rch g efü h rte  M essungen lg  B J B ,  als 
F u n k tio n  der N itro sie ru n g sd au er ( t )  d a rg es te llt u n d  d e r k inetischen  e rs ten  
O rdnung  e n tsp rech en d  eine G erade e rh a lte n  w urde.

Die Änderung der polarographischen Stufenhöhe von salzsauren M ohnkapsel- 
Extrakten als Funktion der Nitrosierungsdauer

D ie oben besch riebenen  U n te rsu ch u n g en  w urden  au ch  m it sa lzsau ren  
E x tra k te n  von  M ohnkapseln  von sechs v e rsch iedener H e rk u n f t d u rch g e fü h rt. 
Zu diesem  Zw eck w u rd en  deshalb sa lzsau re  E x tra k te  gew äh lt, weil zu r v o ll
s tän d ig en  E x tra k tio n  des M orphins die E x tra k tio n  m it Salzsäure  als eine d er 
w irk sam sten  M ethoden  angesehen u n d  au ch  fü r S erienanalysen  ziem lich  
au sg ed eh n t v e rw en d e t is t [12].

* E s  w urde v o n  v e rsch ied en en  A u to ren  bew iesen , daß  das H a u p tp ro d u k t in  de r schnellen  
R e ak tio n  des M orphins m it  Ü berschuß  von S a lp e tr ig e rsäu re  bzw. n itro sen  G asen 2 -N itro m o r- 
ph in  is t [8, 9, 10, 11].
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D ie D aten  ü b e r die H e rk u n ft d er zu r U n te rsu ch u n g  verw endeten  M ohn
k a p se ln  sind in T abe lle  I  zusam m en g efaß t. D ie einzelnen M uster w erden in  
d e r F o lge m it den S erienum m ern  der T ab e lle  I bezeichnet.

Tabelle I

D a te n  ü ber d ie  H e r k u n f t  d e r  u n te r s u c h te n  M o h n k a p s e ln

No. Benennung 
der Mohnkapseln

Jahr
des Züehtens

i.' SB 1965

ii. sc 1965

ui. K om polt 1965

IV. B udakalász 1965

V. B udakalász 1966

V I. вс 1966

D ie M uster w u rd en  v o ran g eh en d  m it d rei versch iedenen  M ethoden ( A ,  
В  u n d  C)  an a ly sie rt.

Methode »A«: D as M uster w u rd e  m it Salzsäure e x tra h ie r t ,  der E x tr a k t  
a u f  die übliche W eise (5 M inuten  lang ) n itro s ie r t u n d  d a n n  p o la ro g rap h ie rt. 
A u f  diese W eise w u rd en  zusam m en m it dem  M orphin a u c h  die im  E x tr a k t  
an w esen d en  S tö rsto ffe  gem essen, u n d  dem zufolge e rh ie lten  w ir s te ts  einen  
h ö h e re n  W ert als d er ech te  M o rph ingeha lt.

Methode »В «: E s w urde  m it sa lz sau rem , 80% igem  Ä th an o l e x tra h ie r t ,  
so d a n n  n ach  K o n zen trie ru n g  u n d  R e in ig u n g  des E x tra k ts  das M orphin bei 
p H  8 — 9 m it einem  B enzo l-B u tano l-G em isch  durch  E x tra k tio n  von den S tö r 
s to ffen  g e tren n t u n d  n a ch h e r b e s tim m t. U nsere frü h eren  U n te rsu ch u n g en  [4] 
b e s tä tig e n , daß  a u f  diese W eise d e r ech te , von S tö rs to ffen  freie M o rph in 
g e h a lt gem essen w erd en  k an n .

Methode »C«: M it 80% igem  Ä th a n o l w urden  300—300 g der M u ste r 
e x tra h ie r t  u n d  das M orphin  n ach  Iso lie ru n g  in k ris ta llin e r  F o rm  b e s tim m t.

D ie A nalysenergebn isse  sind  in  T abe lle  I I  zusam m engefaß t.
N ach  der o b en g en an n ten  A nalyse d e r M ohnkapsel-M uster w urden  die sa lz 

sa u re n  E x tra k te  au ch  n ach  30 M in u ten  d au ern d er N itro sie ru n g  p o la ro 
g ra p h ie r t . Ä hn lich , wie bei V ersuchen  m it re inem  M orph in , fanden  w ir au ch  
h ie r  eine A bnahm e d er S tu fenhöhe, d iese A bnahm e w ar ab e r s te ts  geringer, 
a ls im  Falle des re in en  M orphins. A uch  w ar das M aß d e r A bnahm e be i den  
e inze lnen  M ohnkapsel-P roben  ve rsch ied en . U m  dies zu  v eran sch au lich en , 
s in d  in  Tabelle I I I  die Q u o tien ten  d er S tu fen h ö h en  der n a c h  30 M inuten  u n d  
n a c h  5 M inuten  d a u e rn d e r  N itro sie ru n g  fü r  reines M orphin  bzw. fü r  die v e r 
sch iedenen  E x tra k te  aufgenom m en P o la ro g ram m e angegeben . E in  Teil d er
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M u ster w urde  in  einem  U ltra th e rm o s ta te  bei 27,8 °C, ein a n d e re r  T eil bei 
30 °C n itro s ie rt.

In  der S palte  A  der fo lgenden  T abelle IV  sind die k o n k re ten  W erte  der 
in  d er e iner V ersuchsserie m it den  sa lzsauren  E x tra k te n  e rh a lten en  S tu fen-

Tabelle II

Der m it verschiedenen Methoden bestimmte M orphingehalt der untersuchten M ohnkapseln

No.
Morphingehalt g/100 g

A В С

i. 0.60 0,46 0,45

i i . 0,54 0,32 0,31

h i . 0,64 0,47 0,45

IV 0,44 0,27 0,25

V. 0,45 0,30 0,28

V I. 0,41 0,28 —

A : aus sa lzsau rem  E x tr a k t  p o la ro g rap h isch  b estim m tes M orphin ;
B : au s dem  ä th an o lisch en  E x t r a k t  n a ch  E x tra k tio n  m it B en zo l-B u tan o l b e s tim m te s  

M orphin ;
C: aus dem  ä th an o lisch en  E x tr a k t  in  k ris ta llin e r F o rm  iso lie rtes M orphin

Tabelle III

Verhältnis der nach 30 M inuten  und 5 M in u ten  dauernder Nitrosierung gemessenen Stufenhöhen

Verhältnis der

Bezeichnung No.
bei 27,8 °C bei 30 °C

durchgeführten Nitrosie
rung gemessenen Stufen

höhen

Ь3о S ta n d a rd -
M orph in

0,62 0,45

I. 0,71 —

i i . 0,78 —

i n . 0,72 —

а зо IV . 0,76 —

V. — 0,63

V I. — 0,65

°зо =  2 u n d  b3(l —
Л5

A 5 u n d  /1;10: die nach  5 bzw. 30 M inuten  dauernder N itrosierung  des salzsauren  E x tra k ts  
gem essenen S tufenhöhen,

B 5 u n d  B 30: die n ach  5 bzw . 30 M inuten  dauernder N itrosierung  des S tandard-M orphins 
gem essenen S tufenhöhen
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h ö h en  angegeben. D ie D a te n  in  der S palte  В  w u rd en  h ingegen  a u f  G rund  der 
D a te n  in  Spalte В  d e r T ab e lle  I I  berech n e t. Sie geben an , w ie hoch die dem  
e c h te n  M o rph ingeha lt e n tsp re c h e n d en  S tu fen  n ach  5 bzw . 30 M inuten 
d a u e rn d e r  N itro sie ru n g  wTären . Diese B erech n u n g  w ird  d ad u rch  erm öglich t, 
d a ß  n ach  der E x tr a k t io n  be i p H  8-—9 d e r ech te  M orph ingehalt, ohne 
V erlu st u n d  s tö ren d e  S to ffe  gem essen w urde . D abei w ird  angenom m en, d aß  
sich  die S tufenhöhe des M orph ins, u n ab h än g ig  von  den S tö rsto ffen , auch in 
d e ren  G egenw art (also in  den  E x tra k te n )  in  gleichem  V erh ä ltn is  än d e rt.

Tabelle IV

Vergleich der gemessenen und berechneten Stufenhöhen

N itrosierungs- 
dauer, Min

А

Stufenhöhe, mm

В  I  А — В

Bei 27,8 °C gem essene  D a ten :

S tandard-M orphin , 

1 mg
5

30

178

110

I. 5 133 102 31

30 95 63 32

II . 5 120 71 49

30 94 44 50

I I I . 5 142 104 38

30 102 64 38

IV. 5 98 60 38

30 75 37 38

Bei 30 °C gem essene D a ten :

S tandard-M orphin , 

1 mg

5

30

175

79

V. 5 98 65 33

30 62 29 33

VI. 5 90 61 29

30 58 27 31

A :  im  salzsauren E x tr a k t  po larographisch  gem essene D a ten ,
B: die dem  ech ten  M o rp h in g eh a lt en tsp rech en d en  S tu fen h ö h en  (aus S palte  »B« der T a 

belle I I  berechnete D atpn).
B em erkung: die M essungen w urden  in der im  experim en tellen  T eil beschriebenen W eise 

au sgeführt. Säm tliche D a te n  sin d  au f E m pfind lichkeit 4 X 1 0 “ 8 A m per/T eilung  um gerechnet 
angegeben.
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Folgerungen und die Berechnung des Morphingehaltes 
auf Grund der Versuchsergebnisse

A u f G rund  d e r obigen A usfüh rungen  v e rg ib t die D ifferenz der zu sam m en 
gehörigen W erte  d e r S pa lten  A  u n d  В  (А  — В)  s te ts  die den S tö rsto ffen  e n t 
sp rechende  S tu fen h ö h e  an . Aus der T a tsa c h e , daß  die d er 5 u n d  30 M inu ten  
d au ern d en  N itro s ie ru n g  en tsp rech en d en  U n tersch ied e  (A  — B)  fü r das gleiche 
M uster s te ts  gleich oder nah ezu  gleich w aren , fo lg t, d aß  die den S tö rsto ffen  
en tsp rech en d e  S tu fen h ö h e  u n te r  den  gegebenen  V ersuchsbed ingungen  m it 
zu n eh m en d er N itro s ie ru n g sd au e r n ic h t a b n a h m  oder zum in d est keine s ig n i
f ik a n te  Ä n d eru n g  zeig te.

D iese S ch luß fo lgerung  k o n n te  n och  d u rch  eine w eitere , in  V erb in d u n g  
m it den  d e riv ie rte n  P o la rog ram m en  g em ach te  B eo b ach tu n g  b e s tä tig t w erden . 
W ie aus dem  S chem a in A bb. 4 e rsich tlich  is t, b e s te h t ein w esentlicher U n te r-

Abb. 4. S chem a der d e r iv ie r te n  Polarogram m e v o n  M orph in  (I) u n d  M o h n k a p se l-E x trak t ( I I )

schied zw ischen d en  d e riv ie rten  P o la ro g ram m en  des re inen  M orphins (I) u n d  
des au ch  S tö rsto ffe  e n th a lte n d e n  E x tra k te s  ( I I ) . D er ab ste ig en d e  A st der in  
G egenw art von S tö rs to ffen  aufgenom m enen d e riv ie rten  K u rv e n (II)  k e h rt n äm lich  
n ich t b is zu dem  N iv e a u  des G run d stro m es (im  G egensatz zum  re inen  M or
phin) zu rü ck , so n d e rn  b ieg t in  einer vom  G ru n d stro m  gem essenen H öhe h  
von diesem  ab . N ach  un seren  B eo b ach tu n g en  is t diese H öhe h der M enge d e r 
anw esenden  S tö rs to ffe  p ro p o rtio n a l u n d  ä n d e r t  sich m it s te igender N itro 
s ie ru n g sd au er p ra k tis c h  n ic h t, im  G egensatz  zu der G esam thöhe der S tu fe  
( H ) ,  w elche g u t m e ß b a r  ab n im m t ( H 1 >  H 2).

D iese R e su lta te  geben einerseits A n tw o rt a u f  jene  F rag e , w eshalb die 
re la tiv e  A bnahm e d e r S tu fenhöhe im  F alle  von  E x tra k te n , die auch  S tö rsto ffe  
e n th a lte n , geringer is t  u n d  g es ta tten  an d e rse its  in  K en n tn is  der zu zwei 
versch ied en en  N itro sie ru n g sze iten  gehörenden  S tu fenhöhen  die B erechnung  
des ech ten  M o rp h in g eh a ltes  (oder die d iesem  en tsp rech en d e  ko rrig ie rte  S tu 
fenhöhe), ohne T re n n u n g  der S törstoffe .

Im  F alle  von E x t r a k te n  w ird das M orphin  zusam m en m it den S tö rsto ffen  
b e s tim m t, d. h.

А  =  В  +  Z  (1)
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wo A  d ie gem essene S tu fen h ö h e  des E x tra k te s , В die dem  anw esenden  
M orph in  en tsp rech en d e  S tu fenhöhe , u n d  Z  d ie durch  die S tö rsto ffe  v e ru rsa c h te  
Z u n ah m e der S tu fenhöhe  b e d e u te t. D ie W erte  von A  u n d  В  sind  v o n  d er 
N itro s ie ru n g sd au er ab h än g ig , w äh ren d  n a c h  unseren  B eobach tungen  d er W ert 
v o n  Z  u n te r  den gegebenen V ersuchsbed ingungen  k o n s ta n t is t.

D as V erhältn is d er zwei v e rsch iedenen  N itro sierungszeiten  (z. B . be i 5 
u n d  30 M inuten) en tsp rech en d en  S tu fen h ö h en  des im  E x tr a k t  anw esenden  
M orphins k an n  fo lgend angegeben w erd en :

(2)

w o A 5 u n d  В ъ die zu 5 M inu ten  d a u e rn d e r N itro sie rung  u n d  A 30 u n d  B 30 d ie zu 
30 M in u ten  d a u e rn d e r N itro sie ru n g  gehörenden  S tu fenhöhen  b ed eu ten .

D ie zu den N itro sie rungsze iten  von  5 u n  30 M inuten  gehörende re la tiv e  
A b n ah m e  der S tu fen h ö h e  des re inen  M orphins is t aus frü h eren  V ersuchen  
b e k a n n t (siehe A bb. 2), u n d  deshalb  k a n n  bei der B erechnung  des M orph inge
h a lte s  die folgende S u b s titu tio n  e in g e fü h rt w erden:

b  _  B 30

30 ~  В ,
( 3 )

Dies erg ib t fü r  Z  die fo lgende G leichung:

Z  = (4)

D ie dem  ech ten  M o rph ingeha lt en tsp rech en d e  S tu fenhöhe  k a n n  also 
au s dem  folgenden Z u sam m en h an g  e rh a lte n  w erden:

( 5 )

In  der S palte  A  d e r T abelle I I  w u rd e  d er m it den S tö rs to ffen  zu sam m en  
gem essene »M orphingehalt« (»M orphin«) angegeben. A us diesen D a te n  k a n n  
u n te r  V erw endung  d e r in  T abelle I I I  zu sam m en g efaß ten  D a ten  der ech te  M or
p h in g e h a lt  m it d er fo lgenden  F orm el b e re c h n e t w erden :

M orph in  =  »M orphin« 1  а зо

1  — ^30
( 6)

w o a30 u n d  b30 die en tsp rech en d en  D a te n  der T abelle I I I  b e d e u te n , bzw .

is t.
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Die m it F o rm el (6) b e rech n e ten  W erte  w urden  in  T ab . У  zu sam m en g e
fa ß t ,  wo zum  V ergleich auch  die A bw eichungen  von den W erten  in  den  S p a lten  
А ,  В  u n d  C d e r Tabelle I I  angegeben  sind.

T abelle  V

M orphingehalt der M ohnkapsel-M uster, nach (6 )  berechnet

N o.
B erech n eter 

M orph ingehalt 
g/100 g

P ro zen tu e lle  A bw eichung 
von den  W erten  in  S p a lten

A В C

d er T abe lle  II

I. 0 , 4 6 — 2 7 0 +  2

и. 0 ,3 1 — 4 2 — 3 0

in. 0 , 4 7 — 2 6 0 + 4

IV. 0 , 2 7 — 3 8 0 +  8

V. 0 , 3 0 — 3 3 0 +  7

V I. 0 , 2 7 3 6 — 3 —

Die g u te  Ü b ere instim m ung  d e r b e rech n e ten  W erte  m it dem  n a c h  d e r 
M ethode В  b e s tim m ten  M o rph ingeha lt sowie ih re  geringe A bw eichung v o n  
d er in  k ris ta llin e r  F orm  e rh a lten en  M orphinm enge re c h tfe r tig t unsere  A n n ah m e  
u n d  b e s tä tig t  die R ich tig k e it d er B erechnungsm ethode . A u f G rund  d er d isk u 
t ie r te n  E rg eb n isse  is t zu hoffen , d aß  unsere  B eo b ach tu n g en  die B asis e in er 
n eu en  p o la rog raph ischen  M o rph in -B estim m ungsm ethode  b ilden  k ö n n en , die 
au ch  dazu  geeignet sein w ird , das M orphin  is solchen M o h n k a p se l-E x tra k te n  
genau  zu b es tim m en , die B egleitstoffe  e n th a lte n , w elche die B estim m u n g  so n st 
s tö ren  w ü rd en . D ie A u sarb e itu n g  e iner so lchen M ethode is t  im  G ange, u n d  im  
R ah m en  d ieser A rb e it w erden w eite re  M essungen zur B estim m u n g  der R e p ro 
d u z ie rb a rk e it d e r D a ten  d u rch g e fü h rt.

E xperim en te ller Teil

Polarographie  der S tandard-M orphin lösung

Aus g e re in ig te r, k ris ta llin e r  M orph inbase  w urde  m it 1 n  S alzsäure  eine S ta n d a rd -L ö su n g  
v o n  0,2 m g/m l K o n z en tra tio n  h e rg este llt. A us d ieser L ösung w u rd en  5 m l (1 m g M orp h in ) 
in  eine fü r  Í5  m l V olum en k a lib rie rte , m it  e in  geschliffenem  G lasstopfen  versehene  P ro b e rö h re  
p ip e tt ie r t ,  die d a n n  in  einen U ltra th e rm o s ta t  g e ste llt u n d  15 M inu ten  s te h en  gelassen w u rd e . 
S o d an n  w u rd en  2 m l einer m olaren  K a liu m n itr itlö su n g  zugegeben, u n d  die P ro b e rö h re  w u rd e  
versch lossen . N ach  V erlau f de r vo rg esch rieb en en  N itrosie ru n g sze it w u rd e  die R e ak tio n  d u rc h  
Z ugabe  v o n  3 m l 20% iger K a liu m h y d ro x y d lö su n g  u n te rb ro ch en . D ie  a lka lische  L ö su n g  
w u rd e  m it 1 m l l% ig e r  G elatinelösung  v e rse tz t,  das V olum en der L ö su n g  m it d e s tillie r tem  
W asser au f 15 m l e rg än z t, sodann  w u rd e  p o la ro g rap h ie rt. (P o la ro g rap h : R ad elk isz  T y p e  
O H  102, T ro p fze it 2,2 sec.)
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E x tra k tio n  d e r M ohnkapseln m it Sa lzsäu re  (M ethode A )

2,5 g fein gem ah lte , lu f ttro c k e n e  M ohnkapse ln  w u rd en  m it 40 -J- 3 X 2 0  ml 1 n  Salz
säu re  d u rc h  je  e in s tü n d ig es S c h ü tte ln  e rschöpfend  e x tra h ie r t .  D er f i ltr ie r te  E x tra k t  w urde  
a u f  100 m l aufgefüllt. A us d iesem  E x tra k t  w u rd en  zu r A nalyse  M u ste r v o n  5 m l en tn o m m en  
u n d  a u f  die gleiche W eise w ie d as S tan d ard -M o rp h in , n itro s ie r t  u n d  p o laro g rap h ie rt.

B estim m ung des M orph ingehalts  nach  T ren n u n g  der S törstoffe (M ethode B)

10 g fein gem ahlte , lu f ttro c k e n e  M ohnkapseln  w u rd en  m it 200 -f- З Х Ю 0 m l sa lzsaurem  
8 0 % ig em  Ä thano l d u rch  je  e in s tü n d ig es S c h ü tte ln  e rschöpfend  e x tra h ie r t  (au f Salzsäure b e 
zogen w ar das 80% ige Ä th a n o l 0.1 norm al). D as V o lu m en  der v e re in ig ten  E x tra k te  w urde im  
V a k u u m  a u f  30 ml e in g een g t. D ie w äßrige L ösung  w u rd e  f i ltr ie r t ,  de r p H  des F iltra ts  au f 5,5 
e in g e s te llt  u n d  zur R e in ig u n g  w urde m it 5 X 2 0  m l eines B enzol-B utanol-G em isches (7 : 3 
V o lu m en te ile ) a u sg e sch ü tte lt. D ie organische P h a se  w urde  d an n  m it 2 Х Ю  m l w äßriger 
P u ffe rlö su n g  (pH  =  5,5) a u sg e sc h ü tte lt. Die w äß rig en  E x tra k te  w u rd en  k o m b in ie rt, u n d  im  
V a k u u m  w ieder bis au f e in  V o lu m en  von 25-30 m l e in g ed am p ft. N u n  w urde  der p H  der ge
re in ig ten , k o n zen trie rten  w ä ß rig en  Lösung bis p H  8— 9 a lk a lis ie rt u n d  m it 5 X 3 0  m l eines 
B enzol-B utanol-G em isches (7 : 3 V olum enteile) w u rd e  e x tra h ie r t .  D ie o rgan ischen  P h asen  
w u rd e n  m it 20 ml d e s tillie r tem  W asser, d an ach  m it  5 Х Ю  m l 1 n Sa lzsäu re  e x tra h ie r t . Aus 
d iesem  salzsauren  E x tr a k t  w u rd e  das L ösu n g sm itte l in  V ak u u m  ab g e trieb en  u n d  das V olum en 
d e r L ösung  au f 50 ml e rg ä n z t. 2 m l Teile d ieser L ösu n g  w urden  ä h n lich  wie das S ta n d ard - 
M o rph in  p o larograph iert.

Gewinnung von  k r is ta llin em  M orphin au s  M ohnkapseln  (M ethode C)

300 g b e trag en d e  P o rtio n e n  der g em ah lten , lu f ttro c k en e n  M ohnkapseln  w urden  fü r 
p rä p a ra tiv e  Zwecke m it  8 0 % ig em  Ä thanol e x tra h ie r t .  D as E x tra k tio n sv e rfa h re n  u n d  die 
A ufa rb e itu n g sm eth o d e  des E x tra k te s  sind in  e in e r frü h e re n  M itte ilu n g  [4] bere its  beschrieben  
w orden .

*

W ir m öchten  an  d ieser S te lle  H errn  P rof. A. G er e c s  fü r  d ie U n te rs tü tz u n g  der A rb e it,
L . D é c s e i fü r seine M itw irk u n g  in  der p rä p a ra tiv e n  A rb e it u n d  F ra u  M. I n d r ik o v it s  fü r  
ih re  B eteiligung  an  de r te c h n isch e n  A rbeit u n se ren  D a n k  aussp rechen .

Z U SA M M EN FA SSU N G

E s w urde fe s tg e s te llt , d a ß  die po laro g rap h isch e  S tu fenhöhe  des M orphins n ach  k in e 
tis c h  e rs te r O rdnung a b n im m t, wenn die N itro s ie ru n g  bei k o n s ta n te r  T em p era tu r länger als 
5 M in u ten  vorgenom m en w ird . D ie A bnahm e d e r S tu fen h ö h e  is t a u ch  v o n  der N itro sie ru n g s
te m p e ra tu r  abhängig . B ei d iesen  M essungen w u rd e  die N itro s ie ru n g sd au e r zw ischen 5 u n d  
50 M in u ten , die T e m p e ra tu r  zw ischen 20 u n d  30 °C g eän d e rt.

D iese U n te rsu ch u n g e n  w urden  auch  m it sa lzsau ren  M o h n k a p se ln -E x trak te n  d u rc h 
g e fü h rt, wobei fe s tg es te llt w e rd en  k o n n te , daß  d ie re la tiv e  A bnahm e der S tufenhöhe  in diesem  
F a lle  geringer is t, als be i re in e m  M orphin u n te r  id en tisch en  B ed ingungen . Dies k a n n  d a ra u f  
zu rü ck g e fü h rt w erden, d a ß  d ie  das M orphin b e g le ite n d en  E x tra k ts to f fe  fü r  einen gegebenen 
E x tr a k t ,  die S tufenhöhe des M orphins u n ab h än g ig  von  der N itro sie ru n g sd au er um  den glei
ch en  W ert erhöhen, w ä h re n d  die dem  ech ten  M o rp h in g eh alt en tsp rech en d e  S tu fenhöhe  
m it ste igender N itro s ie ru n g sze it der S tufenhöhe des re in en  M orphins p ro p o rtio n a l a b n im m t.

E s w urde eine B e rech n u n g sm eth o d e  ang eg eb en , die es g e s ta tte te , den  ech ten  M orph in 
g e h a lt de r u n te rsu ch ten  M o h n k a p se l-E x trak te , in  K e n n tn is  von zwei zu  versch iedenen  N itro 
sie ru n g sze iten  gehörigen S tu fe n h ö h en  ohne T ren n u n g  der stö ren d en  B egleitssto ffe  zu berechnen .
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CHEMISTRY
OF HETEROCYCLIC PSEUDOBASIC AMINOCARBINOLS,

X X X IY *

N O T E S O N  T H E  S Y N T H E S IS  O F “ Q U A N T R IL ”  AND ON  T H E  T A U T O M E R ISM  O F
/?-O X O -C A R B O X A M ID E S

Cs. S zá n ta y , L. N o v a k ** and P . S o h á r***

( I n s t i t u t e  o f  O rg a n ic  C h e m is tr y .  T e c h n ic a l  U n iv e r s i ty ,  B u d a p e s t )

Received S e p te m b e r  10, 1967

T h e com pound  o f s tru c tu re  I ,  k n o w n  as “ Q u an tril”  or “ B en zq u in am id e”  
is a tra n q u iliz e r  a n d  a m edicine fo r d ec rea s in g  blood p ressu re  [1]. I t  is p re 
p a re d  b y  th e  red u c tio n  o f the  o x o -co m p o u n d  o f s tru c tu re  I la  an d  a c e ty la tio n  o f  
th e  re su ltin g  alcohol III.

R eduction  o f Ila

H y d ro g en a tio n  o f  Ila  in m e th a n o l in  th e  presence o f a c a ta ly s t ( P t 0 2) 
re su lts  in  an  ep im eric  m ix tu re  c o n ta in in g  90%  of th e  alcohol III, w ith  th e  
h y d ro x y l g roup  in  ax ia l position, a n d  som e o f th e  ep im er IY  [2].

T his fac t seem ed surprising , as in  th e  case of 2 -oxo-quinolizid ine of s im ila r 
s tru c tu re , red u c tio n s  in  basic m ed iu m  in  th e  presence o f P t 0 2 alw ays re su lte d  
in  th e  th e rm o d y n a m ic a lly  more s ta b le  de riv a tiv es  of s tru c tu re  IV, w ith  th e  
h y d ro x y l group  in  eq u a to ria l p o s itio n  [3, 4].

W h en  red u c in g  th e  ketone I la  w ith  sodium  b o ro h y d rid e , th e  ra tio  o f th e  
ep im ers changed  a n d  m ain ly  IV w as p ro d u c e d . The occurrence  of such  a d iffe r
ence be tw een  th e se  tw o  reduction  m e th o d s  is also in co n sis ten t w ith  p rev io u s  
o b se rv a tio n s  in  th e se  series [3, 4].

To in v e s tig a te  th is  unusual ca se , I la  was spectroscop ica lly  s tu d ied . T h e  
in fra re d  sp ec tru m  o f its  hyd roch lo ride  c learly  shows th e  ch a rac te ris tic  s t r e tc h 
ing  v ib ra tio n s  o f th e  carbonyl g ro u p  (1740 cm -1) an d  th e  am ide  g ro u p  
(1650 c m -1) (F ig . 3). O n th e  o th e r h a n d ,  b o th  bands p rac tica lly  d isap p ea r in  
th e  sp e c tru m  of th e  base , and o n ly  one  single in ten se  b a n d  can be seen a t  
1623 c m -1, as a re su lt  of th e  o v e rla p p in g  bands of th e  C =  C bo n d  a n d  th e  
am id e-ca rb o n y l g ro u p . T he sam e e ffec t w as observed in  a ch loroform  or ca rb o n

* Part XXXIII: L. Tőke, Gy . К a  l  a  us and Cs. Szántay: Acta Chim. Acad. Sei.
H u n g . 55, 237 (1968).

** T h is p a p e r  is a  p a r t  of th e  d is s e r ta t io n  fo r c an d id a tu re  o f L. N ovak 
*** P h a rm ac eu tica l R esearch  I n s t i tu te ,  B u d a p e s t
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I
OH

I I  a, R =  CON(C2H5)2IC2H5I2
b, R =  COOC2H5
c, R =  CN

te tra c h lo r id e  so lu tion  o f  Ila. Since, in  g enera l, th e  equ ilib rium  positions o f  
k e to -en o l tau to m ers  a re  n e a r in ch loroform  a n d  m eth an o l so lu tions [5], i t  is 
rea so n ab le  to  suppose th e  enol form  o f I la  to  p red o m in a te  in m eth an o l so lu tio n , 
to o . T h u s , in th e  c a ta ly t ic  reduction  of I la  th e  alcohol is fo rm ed  b y  sa tu ra tin g  
th e  do u b le  bond in th e  enol form .

T he chem iso rp tion  on th e  c a ta ly s t o f  th e  enol form  of Ila  occurs w ith  
h ig h e r p ro b ab ility  fro m  th e  ste rica lly  less h in d ered  side [4]. I f  th e  m ore  
s ta b le  B/C trans r in g  ju n c tu re  and  th e  h a lf-ch a ir form  of rings В and  C a re  
su p p o sed , th e  m olecule is anchored  to  th e  c a ta ly s t  on th e  side o f th e  lone elec
tro n  p a ir  of th e  n itro g e n  a to m  (Fig. 1), so th is  is th e  p ro b ab le  d irection  o f th e  
h y d ro g e n  tran sfe r. T h u s  th e  process gives rise  to  a p ro d u c t o f s tru c tu re  III, 
c o n ta in in g  th e  h y d ro x y l group in ax ia l position .

O n th e  o ther h a n d , th e  reduction  w ith  sodium  b o ro h y d rid e  — co rrespond
ing  to  th e  ch a rac te r o f  th e  reagen t — ta k e s  p lace m ain ly  th ro u g h  th e  k e to  
fo rm . T he resu lting  g ro u p , wich co n ta in s  oxygen-boron  b o n d , owing to  its  
g re a te r  space re q u ire m e n t, a tte m p ts  to  assum e eq u a to ria l positio n  th u s  fac ili
ta t in g  th e rm o d y n am ica l contro l and  th e  fo rm atio n  of IV.
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H

T auto inerism  o f ß -oxo-carboxam ides

T he phenom enon  discussed above d irec ted  o u r a t te n tio n  to  th e  k e to -en o l 
ta u to m e rism  o f /?-oxo-carboxam ides. S tran g e ly , th e  l ite ra tu re  dealing  w ith  
th is  p rob lem  is e x tra o rd in a r ily  sm all. O nly  one am ide  — ace tcace tan ilid e  — 
was s tu d ied  in  M e y e r ’s [6] classical in v es tig a tio n s  on th e  ta u to m e rism  o f  
ace to ace tic  acid  d e riv a tiv e s . H e found  th e  an ilide  to  be in  th e  pu re  k e to  fo rm  
in th e  solid s ta te , w hile in  e thano lic  so lu tion  th e  eq u ilib riu m  m ix tu re  co n ta in s  
18%  o f th e  enol fo rm . R ecen tly  D u d e k  a n d  Y o l p p  [7] h av e  show n, w ith  th e  
help  of n u c lea r m egnetic  resonance spec tro sco p y , t h a t  even traces o f th e  enol 
form  are  a b se n t in  N -benzy laceto ace tam id e .

So l i te ra tu re  d a ta  seem  to  c o n tra d ic t ou r ow n observations. T h u s , to  
com plete  ou r in fra re d  spectroscopic s tu d ies , th e  N M R  spec tru m  o f I l a  w as 
also in v e s tig a te d . T he tw o m eth y l g roups o f th e  e th y l su b s titu e n ts  of th e  am id e  
n itro g en  give tw o  se p a ra te  tr ip le ts  p a r t ly  o v erlap p in g  an d  resu lting  in a p se u d o 
q u a r te t  a t  ö 1.15. T h e  tw o m ethy l g roups are  n o t eq u iv a le n t; th is  m ay  be  d u e  
to  th e  h in d ran ce  o f  ro ta tio n  caused b y  a h y d ro g en  b rid g e  betw een  th e  h y d ro x y l 
group of th e  enol fo rm  an d  th e  am ide g ro u p ; or i t  m a y  be due to  th e  low  r o ta 
tio n  a ro u n d  th e  b o n d  betw een  th e  ca rb o n y l g roup  an d  th e  n itrogen  a to m , 
w hich often  occurs in  am ides. The sing le t ap p ea rin g  a t  d 3.20, w hich can  be 
in te g ra te d  as tw o  h y d ro g en s, is ch a rac te ris tic  o f a C H 2 g roup  p resen t be tw een  
a n itro g en  a to m  a n d  a -CH  =  C H -group (cf. [8]), b u t  th is  s tru c tu re  m ay  a p p e a r  
only  in  th e  enol form .

In  o rd er to  f in d  o u t how  general th is  effect m a y  be acetoacetic  d ie th y l
am ide, (V) one o f th e  m ost sim ple ß-heto  am ides, w as in v es tig a ted . In  th e  in f ra 
red  sp ec tru m  o f th is  com pound  an  in ten se  C =  C s tre tc h in g  b a n d  a t  1600 cm  
can be seen; th e  overlap p in g  A m ide I  b an d s  o f th e  tw o ta u to m e rs  a p p e a r  a t  
1650 cm ~1, a t  1730 cm -1 th e  carbony l b a n d  o f th e  k e to n e  is found. The in te n 
sities o f th e  b an d s  o f th e  double an d  th e  ca rb o n y l g roup  show  an a p p ro x im a te 
ly  eq u iv a len t ra tio  o f th e  tw o ta u to m e rs  in com p o u n d  V, in th e  liqu id  s ta te  
as well as in  carb o n  te trach lo rid e  so lu tion .
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/CH2—CH3 / С Н 2- С Н
CH3—C=CH-C-N<

1 II \с н 2-с н ;
C-CH„—C—N< - —>
II ' II Ч 1 Н ,,-С Н з
0 Ü

V
О Н  О

T h ese  conclusions are  confirm ed b y  th e  n uc lear m ag n etic  resonance  
s p e c tru m  o f V (Fig. 2).

I n  th e  sp ec tru m  o b ta in ed  in  ca rb o n  te tra c h lo r id e  so lu tion , th e  m e th y l 
g ro u p  o f  th e  keto  fo rm  appears a t  6 2.1, a n d  th e  m e th y l group o f th e  enol fo rm  
a t  ő 1.8. A fte r in te g ra tio n , th e ir  ra tio  show s th e  presence of a b o u t 52 %  o f th e

SO MC CtiO Í 2 0  3 6 0  3 0 0  2C0 180 120 60 OCFS
100  MC 8 0 0  700 600 5 0 0  COO 300 200 100 OCPS

Fig. 2. N u c lea r m agnetic  re so n an ce  sp e c tru m  of V in CC14 so lu tio n

k e to  a n d  48%  o f th e  enol form . T h e  =  C H  p ro to n  of th e  enol fo rm  is c learly  
seen  a t  d 5.05.

T h e  N M R sp ec tru m  of V in  th e  so lid  s ta te  shows on ly  a s lig h tly  d iffe ren t 
r a t io  (63 : 37) o f th e  ke to  an d  enol fo rm s.

T he co n trad ic tio n  betw een  th e  l i te ra tu re  d a ta  an d  o u r o b se rv a tio n s  is 
o n ly  a p p a re n t. In  th e  tw o papers m e n tio n e d  [6, 7] N -m o n o su b stitu ted  d e r iv 
a tiv e s  w ere in v es tig a ted . S tab iliza tio n  o f  th e  keto  form  is possib le in  such  
co m p o u n d s owing to  th e  effect o f a N H  . . . О =  C -hydrogen b rid g e . In  th e  case 
o f  N -d isu b s titu te d  am ides th is  effect c a n n o t occur, so th e  enol fo rm  is p ro b 
a b ly  stab ilized  b y  th e  OH . . . C O N R 2 b rid g e .

These in v es tig a tio n s  re su lt in  th e  follow ing conclusion : A m o n g  ß-keto 
acid derivatives, the N-disubstitu ted  am ides posses the greatest inclination to 
enolize.
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E nolization  o f  l ib  an d  l ie

T he observa tions described ab o v e  p ro m p te d  us to  p rep a re  a n d  in v es
tig a te  o th e r /?-keto a c id  derivatives s im ila r to  II.

T he ch a ra c te ris tic  in frared  b a n d s  o f com pounds I la ,  b, c are  show n 
in F ig . 3.

In  T able I , b a se d  on the  s p e c tra , th e  p re d o m in a n t ta u to m e rs  in  th e  
base  a n d  sa lt form s o f th e  d ifferen t d e riv a tiv e s  of II are  g iven.

T ab le  I

Predom inant (8 0 % ) tautom eric fo rm s o f  I l a —c

I l a пь l i e

Base enol enol keto

S a lt keto enol enol

T he s tre tch in g  b an d s  of th e  c o n ju g a te d  ester ca rbony l an d  th e  C =  C 
b o n d  o f l ib  are c learly  show n in b o th  th e  base an d  th e  sa lt fo rm  (Fig. 3).

1800 1600 
lla.HCI

V 7— f  s л

11
I

1
1

2200  1800 1600 
lie

Щ
4 ~ T \

1

A \

1— '
—
— __

2200 1800 1600 
Hc.HCI

F ig . 3. C h arac te ris tic  in frared  b a n d s  o f th e  com pounds I l a —c an d  th e ir  sa lts
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T h e cyano b a n d  fo u n d  a t  2250 cm -1 in  th e  base l i e  decreases to  2210 cm  -1 
in  th e  sa lt;  th e  c a rb o n y l b a n d  a t  1720 cm  1 is ab sen t in  th e  sa lt an d  in s te a d  
o f i t  a C =  C s tre tc h in g  b a n d  appears a t  1650 c m -1. I t  is rem ark ab le  th a t  in 
th e  sp e c tru m  o f th e  s a l ta  v e ry  b an d  is seen a t  1130 cm  _1, w hich  is m issing in  th e  
sp e c tru m  of th e  b ase . T h e  in te n s ity  of th is  b a n d  decreases in  th e  d e u te ra te d  
s a lt , a n d  a n e w b a n d  a p p e a rs  a t  1110 cm _1; th is  is p ro b a b ly  th e  C =  C —O H (D ) 
b a n d  o f th e  enol ta u to m e r .  The enolic h y d ro x y l becom es sig n ifican tly  d e u te ra t
ed, n a tu ra lly  to g e th e r  w ith  th e  q u a n ti ta t iv e  d e u te ra tio n  o f th e  N H + group .

T he bases Ila -c  show ed  th e  sam e b e h a v io u r in ch loroform  or m e th y len e  
ch lo ride  so lu tions, as g iven  in Table I  a n d  so d id  th e  sa lts  in  m ethy l cy an id e .

T he s ta b ility  o f  th e  enol form  o f b ases Ila-b is read ily  exp lained  b y  th e  
a b ility  to  form  a h y d ro g e n  bridge.

In  th e  case o f co m p o u n d  l ie  th e re  is no  w ay  to  develop  such a h y d ro g en  
b o n d , because of th e  lin e a r ity  of th e  cyano  g roup . So th e  eno lization  o f /?-keto 
n itr ile s  is generally  less. T h u s , e. g., th e  eq u ilib riu m  m ix tu re  of e th y l 2-oxocyclo- 
h e x a n ecarb o x y la te  c o n ta in s  76%  [9] o f th e  enol form , an d  th e  co rrespond ing  
n itr ile  on ly  10%  [10].

I n  th e  case o f th e  sa lts , th e  s ta b ility  o f th e  enol form  of th e  keto  n itr ile  
l i e  can  again  easily  b e  exp la ined . I t  is know n  th a t ,  in  c o n tra s t w ith  /1-diketo 
com pounds, th e  enol c o n te n t of a com p o u n d  of th is  ty p e  increases w ith  th e  
p o la r ity  of th e  so lv en t [11]. The high p o la r ity  increase due to  th e  sa lt s tru c tu re  
(cf. [12]) also co n sid e rab ly  increases th e  m o b ility  o f th e  p ro to n  on C-3, an d  th u s  
th e  possib ility  of th e  dev e lo p m en t of th e  enol form . T he h igh  enol co n te n t o f  
th e  l ib  sa lt can  be  s im ila rly  in te rp re ted .

T h e  s ta b ility  o f th e  k e to  form  of th e  sa lt o f Ila  c a n n o t be exp lained  w ith  
c e r ta in ty . One of th e  possib le  ex p lan a tio n s m a y  be th a t  th e  am ide g roup  is a 
su ita b le  electron  source to  com pensate  fo r th e  e lectron  w ithd raw in g  effect o f  
th e  ch a rg ed  n itro g en  a to m  on th e  C-3 h y d ro g en  a to m , so h inders sp littin g  o f  
th e  la t te r  as a p ro to n ; i. e. enolization  is p rev en ted .

I l a  was p rep a red  b y  a procedure p rev io u sly  ap p lied  b y  th e  au th o rs  [13], 
using  th e  reac tio n  o f th e  isoquinoline d e riv a tiv e  VI an d  oc-m ethyleneacetoacetic 
d ie th y lam id e  (VII). C om pound  VII, u n k n o w n  so far, w as o b ta in ed  from  ace- 
to a c e tic  d ie th y lam id e  a n d  fo rm aldehyde.

l ib  was p re p a re d  b y  a procedure g iven in  th e  l i te ra tu re  [14].

P rep a ra tio n  of th e  substances

V I VII
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T h e  p re p a ra tio n  of th e  l i e  n itr ile  p resen ted  a p rob lem . T h e  rin g  closure 
b y  D ieck m an n  condensation  of IX , p re p a re d  from  th e  es te r V III an d  ac ry lo n i
tr i le , can  be  ca rried  ou t in  only  po o r y ields using  sodium  e th ox ide .

OR
X R = H  

XI R  =  OCCH3

H ow ever, th e  cyclization could  h e  accom plished  w ith  sod ium  disso lved  
in  d im e th y l su lph o x id e ; th e  co n d en sa tio n  of m ixed ty p e  re su lted  in  a b o u t 
80%  o f l i e

F o r  th e  p u rp o se  of a pharm aco log ical in v estig a tio n  X I w as p re p a re d  b y  
th e  re d u c tio n  o f l i e  (to X), an d  su b seq u en t ace ty la tio n .

T h e  pharm aco log ical re su lts . ( J . K n o l l , P harm aco log ica l In s t i tu te  o f 
M edical U n iv e rs ity , B udapest) show ed th a t  th e  effects o f th e  “ Q u a n tr il”  
ep im ers o b ta in e d  from  III  and  IV b y  a c e ty la tio n  were n e a rly  id en tica l. C om 
p o u n d  X h a d  no  sign ifican t effect.

E xperim en ta l

T h e  in fra re d , u ltra v io le t and  N M R  sp e c tra  w ere reco rded  w ith  a P e rk in -E lm er 2216, 
a  U n icam  S P  600, a n d  an  C.60 in s tru m e n t, respec tive ly .

a-Methyleneacetoacetic diethylamide (VII)

A ceto ace tic  d ie th y lam id e  [15] (100 g) w as ad d ed  dropw ise, w ith  co n tin u o u s s tir r in g , 
in to  a so lu tio n  o f sod ium  ace ta te  (20 g) in  100 m l o f 40%  fo rm aldehyde . T o increase  so lu b ility , 
10 m l o f e th a n o l w as ad d ed  to  th e  m ix tu re , a n d  i t  w as allow ed to  s ta n d  fo r 2 h rs  a t  room  te m 
p e ra tu re . T h e  re ac tio n  m ix tu re  was th e n  p o u re d  on  w a te r (400 m l), e x tra c te d  w ith  e th e r  
(800 m l) in  th ree  p o rtio n s , and  th e  e th e r e x tr a c t  d ried  over m agnesium  su lp h a te . A fte r  re m o v 
ing  th e  so lv en t, th e  rem ain in g  su bstances w ere fra c tio n a te d  in vacu u m , an d  th e  frac tio n  b o iling  
a t  126— 130° 5 to r r  w as collected (21.80 g 2 0 .2% ). T h e  p ro d u c t w as a colorless liq u id  w ith  
a  b a d  sm ell, n f  =  1.4723. C9H 160 2N  (169.22). Caled. C 63.87; H  8.93. F o u n d  C 63.59; H  9 .0 4 % .
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9,10-Dim ethoxy-3-(diethylcarbanioyl)-2-oxo-l,2,3,4,6,7-hexahydro-llbH-benzo(a)quinolizine

6,7 -d im ethoxy-3 ,4 -d ihydro isoqu ino line  (VI; 2.00 g: 10 m m ole) an d  a -m eth y len eace to - 
a ce tic  d ie thy lam ide  (VIII' 2.3 g ; 13 mmole) w ere a llow ed  to  s ta n d  fo r 4 d ay s in a  1 : 1 m ix tu re  
o f  e th a n o l and  w a ter (10 m l) a t  room  tem p e ra tu re . T h e  se p a ra ted  c ry s ta ls  were recry sta llized  
fro m  m eth an o l to  y ield  1.70 g  (47 .3% ), m .p. 150— 152° C (lit. [2] m .p .: 150— 152° C).

9,10-Dimethoxy-3-(diethylcarbamoyl)-2-acetoxy-l,2,3,4,6,7-hexahydro-llbH-benzo(a)-
quinolizine

Ila  (12.0 g; 33 m m o le ) w as dissolved in  150 m l of m e th an o l. Sodium  b o ro h y d rid e  
(5.0 g; 132 mmole) w as a d d e d  to  th e  solution d u rin g  a n  h o u r, w ith  v igo rous stirrin g  an d  cooling 
S tir r in g  was con tinued  fo r 7 h r s  a t  room  te m p e ra tu re . M ost o f th e  m e th an o l was e v ap o ra te d  
in  v a cu u m , and w a te r a n d  HC1 (80 m l each) w ere ad d ed  to  th e  residue. T he so lu tion  w as th en  
m ad e  a lka line  (pH  8— 8.5) w i th  1 N  sodium  h y d ro x id e  so lu tion  an d  e x tra c te d  w ith  500 m l 
o f b enzene. A fter d ry in g  th e  ben zen e  solution a n d  e v ap o ra tin g  th e  so lv en t, th e  residue (11.3 g; 
9 4 .5 % ) w as trea te d  w ith  a  1 : 1 m ix tu re  of e th e r  a n d  p e tro leu m  e th e r. T he resu lting  m ix tu re  
o f th e  epim eric alcohols (III a n d  IV) m elted  a t  125— 126° C. T his p ro d u c t was allow ed to  s ta n d  
fo r 16 h rs in a m ix tu re  o f  (80 m l) pyrid ine  and  ace tic  a n h y d rid e  (80 m l) a t  room  tem p e ra tu re .

T he oily residue, le f t  a f te r  evapora ting  th e  so lu tio n , w as d issolved in 50 m l o f w a te r , 
m a d e  a lka line  w ith  a m m o n ia , an d  ex trac ted  w ith  200 m l o f benzene. T he benzene so lu tion  
w as w ash ed  w ith  w a te r , d r ie d ,  an d  ev ap o ra ted  in  v a cu u m ; th e  resid u e  was recry sta llized  
fro m  25 m l o f e ther. T h e  c ry s ta ls  were w ashed w ith  e th e r  (10 m l) to  o b ta in  6.75 g (55 .6% ) of 
th e  2 -ace ty l d e riv a tiv e  o f IV, m .p. 149— 151° C (lit. [2] m .p . 150— 151° C).
M .p. o f th e  hydro ch lo rid e : 250— 251° C.

E v ap o ra tio n  of th e  e th e re a l m o ther liq u o r o f re c ry s ta lliz a tio n  gave 0.95 g (7 .1 % ) of 
I ( “ Q u a n tr il” ), m .p. 128— 131° C (lit. [2] m .p . 130— 131.5° C). M .p. o f th e  h y d roch lo ride: 
229— 231° C.

l-(Ethoxycarbonylmethyl)-2-(P-cyanoethyl)-6,7-dimethoxy-l,2,3,4-tetrahydroisoquinolii!e
(IX )

l-(E th o x y c a rb o n y lm e th y l)-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  [16] (60.0 g; 
215 m m ole) was re flu x ed  w i th  fresh ly  d istilled  a c ry lo n itr ile  (110 m l) fo r 16 hrs. A fter cooling, 
100 m l o f abso lu te  e th e r  w as  ad d ed , and th e  so lu tio n  w as e x tra c te d  w ith  120 m l of 3 N  HC1. 
T h e  acid ic  e x tra c t w as m a d e  a lk a lin e  w ith  cone, a m m o n ia  so lu tion  a n d  th e  solidifying p ro d u c t 
w as f ilte red  off (69.5 g; 9 7 .3 % ). T he m .p. o f th e  c ru d e  p ro d u c t w as 83— 84° C; a fte r  re c ry s ta l
liz a tio n  from  e th e r m .p . 86° C w as ob tained.
C18H 24N ; 0 4 (332.39). C alcd . C 65.04; H  7.28; N  8.43. F o u n d  C 64.89; H  7.36; N 8 .29% . 
In f ra re d  spectrum  (K B r): vmax. 1725 cm“ 1 (CO); 2250 c m " 1 (CN).

9,10-Dimethoxy-2-oxo-3-cyano-l,2,3,4,6,7-hexahydro-llbH-benzo(a)quinolizine (He)

In  a flask  e q u ip p ed  w ith  a s tirre r and  co n d en ser, m eta llic  sod ium  (1.4 g) was d issolved, 
w i th  s tirr in g , in ab so lu te  d im e th y l  sulphoxide (30 m l) in  d ry  n itro g en  a tm osphere . T h e  p re 
c ip i ta te  (sodium  h y d ro x id e )  w as rem oved b y  f i l t r a t io n  in  n itro g en  a tm o sp h ere , and  a n  a li
q u o t  p a r t  of th e  so lu tio n  w as  t i t r a te d  w ith  0.1 N  HC1. T he sod ium  c o n te n t generally  v a rie d  

b e tw ee n  0.03 and  0.045 g /m l.
T he n itr ile s te r  IX (1 .0 0  g; 3 m m ole) w as a llow ed  to  s ta n d  w ith  th e  above so lu tio n  of 

so d iu m  in  d im eth y l su lp h o x id e  (3 m l; 4 m m ole) a t  100° C fo r 3 h rs , in  n itrogen  a tm o sp h ere . 
A fte r  cooling, th e  m ix tu re  w a s  poured  on to  10 m l o f w a te r, an d  th e  so lu tion  w as n eu tra liz ed  
w ith  5%  acetic  acid  s o lu t io n . T he p rec ip ita te  w as f i lte re d  off, w ashed  w ith  w a te r an d  d ried  
to  o b ta in  0.69 g (8 0 .3 % ) o f  l i e ,  m .p. 156— 157° C.
C16H 18N 20 3 (286.32). C alcd . C 67.11; H 6.34; N  9.78. F o u n d  C 66.94; H  6.30; N  9 .66% . 
U ltra v io le t  sp ec tru m : Л 226 n m  (log e 4 .01); 271 n m  (log s 3.81).
M .p. o f th e  h y d ro ch lo rid e : 209— 210° C.
C16H 19N 20 3C1 (322.79). C alcd . C 59.53; H  5.93; N  8.68; Cl 10.98. F o u n d  C 59.48; H  5.86; N  8.73; 
Cl 11 .21% .
U ltra v io le t  spec trum : 229 nm  (log e 3.94); 266 n m  (log s 3.81).
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9,l!)-DÍ!ii;th;»sy-2-hydroxy-3-cya:iJ-l,2,3,4,6,7-h3xaliyd ro-llbH -benzo(a)quinolizine (X)

IIc  (1.00 g; 3.5 m m ole) and so d iu m  b o ro h y d rid e  (0.25 g; 6.6 m m ole) w ere s tir re d  in 
e th a n o l (30 m l) for 6 h rs  a t  room  te m p e ra tu re , a n d  3 N  HC1 (2.5 m l) w as th e n  ad d ed . A fte r  
s ta n d in g  fo r 20 m in u te s , th e  so lvent was e v a p o ra te d  in v a cu u m . T h e  resid u e  w as d isso lved  
in  10 m l o f w ater, m ad e  a lk a lin e  w ith  1 N  so d iu m  h y d rox ide  so lu tio n  a n d  sh ak en  w ith  tw o 
15-m l po rtio n s of b enzene. A fte r d ry ing, th e  ben zen e  so lu tion  w as e v a p o ra te d  an d  th e  residue  
recry sta llized  from  4 m l o f e th an o l to o b ta in  0.66 g (65 .6% ) of a  w h ite  c ry sta llin e  su b s tan ce , 
m .p . 176— 178° C.
Ci 6H 20N 2O3 (288.34). C alcd. C 66.64; H  6 .9 9 ; N  9.72. F o u n d  C 66.38; H  7.24; N  9 .97% . 
M .P. o f th e  h y d ro ch lo rid e : 185— 186° C.
C16H 2,N 20 3C1 (324.81). C alcd. C 59.16; H  6 .5 1 ; Cl 10.91. F o u n d  C. 58.89; H 6.79; Cl 10.94% .

9,10-Dimethoxy-2-acetoxy-3-cyanD-l,2,3,4,6,7-hexaliydro-llbH-benzo(a)quinolizine (XI)

T he base X  (0.90 g; 3.1 m m ole) w as d isso lv ed  in  a  m ix tu re  o f 8 m l o f ace tic  a n h y d rid e  
an d  8 m l of pyrid ine . A fte r  s tan d in g  for a d a y , th e  m ix tu re  w as e v a p o ra te d  to  d ry n ess. T he 
resid u e  was ru b b ed  w ith  15 m l of ab so lu te  e tb e r , filte red  off, a n d  rec ry s ta llized  fro m  e th an o l 
(8 m l) to  give th e  a c e ta te  o f  X I  (0.78 g; 6 4 .4 % ), m .p. 178— 179° C.
C20H 2(iN 2O B (390.42). C alcd. C 61.52; H  6 .7 1 ; N  7.18. F o u n d  C. 61.53; H  6.67; N  7 .42% . 
M .p. o f th e  hydro ch lo rid e : 253° C.
C 13H 23N 20 4C1 (366.84) C alcd. C 58.90; H  7 .63 ; Cl 9.66. F o u n d  C 59.14; H  6.31; N  7.54; Cl 
9 .75% .

T he a u th o rs’ th a n k s  a re  due to  th e  m ic ro an a ly tic a l te a m  o f th e  In s t i tu te ,  led  b y  Mrs. 
L. B a logh , for th e  an a ly se s ; to  Dr. G. D u d e k  (H a rv a rd  U n iv e rs ity , C am bridge U SA ) fo r 
v a luab le  discussions; a n d  to  th e  H u n g a rian  A cadem y of Sciences fo r sponsoring  th is  w ork.

SU M M A R Y

T he keto-enol ta u to m e rism  of d iffe re n t 2 -oxobenzo(a)qu ino lizid ine  d e riv a tiv es carry in g  
a n  am ide , ester or cy ano  g ro u p  in position  3 w as in v estig a ted . T h e  eno l co n te n t of ace to ace tic  
N -d ie th y lam id e , used  as a  m odel com pound, w as de te rm in ed  b y  m ea n s  o f in frared  an d  nu c lear 
m ag n e tic  resonance sp ec tro sco p y . This d e r iv a tiv e , bearing  tw o su b s titu e n ts  on th e  n itro g en  
a to m , was found  to  enolize  to  the  h ig h est deg ree  am ong th e  jS-keto acid  d e riv a tiv es.
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SYNTHETISCHE LINEARE POLYMERE, XXVIII*

ZU SA M M E N H A N G  Z W IS C H E N  E IN Z E L N E N  S P E Z IF IS C H E N  E IG E N S C H A F T E N  D E R  
IN  D E R  K E T T E N M IT T E  H E T E R O A T O M E  O D E R  -A T O M G R U P P E N  E N T H A L T E N D E N  
O L IG O M E R E N  P O L Y M E R H O M O L O G E N  Y E R R IN D U N G E N  U N D  IH R E R  M O L E K Ü L 

G R Ö SSE**

I. GÉCZY

( F orschungsinstitu t f ü r  die T ex tilindustrie , B u d a p es t)

E ingegangen  am  23. Sep tem ber 1967

E in le itung

In  m einen frü h e re n  M itte ilungen  [1 —10] w urde  gezeig t, d aß  zw ischen 
d em  M olekulargew icht lin ea re r po lym erhom ologer o ligom erer V erb indungen  
u n d  solchen spezifischen E ig en sch aften , die von a d d itiv e n  G rößen  abgele ite t 
w erd en  kö n n en , ganz  allgem ein  d er folgende, auch  m a th e m a tisc h  bew eis
b a re  Z usam m enhang  b e s te h t:

^  =  Id  +  6  ’  ( 1 )

w obei (pSp irgendeine  spezifische E ig en sch aft (spezifische R e frak tio n  [1], 
B rech u n g sin d ex  [2, 3], spezifische Schallgeschw indigkeit [4], spezifisches 
P a ra c h o r  [5], spezifisches R efrach o r [5], spezifische m ag n e tisch e  Susceptibili- 
t ä t  [5], spezifische V isk o sitä tszah l [5], spezifisches V o lum en  [6], R ez ip rok 
sch m e lzp u n k t [7], spezifisches m ittle re s  D ip o lm o m e n tq u a d ra t [8], spezifische 
P o la riza tio n  [8], spezifische V erb rennungsw ärm e [9], spezifisches D rehungs
verm ögen  [10] usw .) is t. M  is t das M olekulargew icht w ä h re n d  a u n d  b K o n 
s ta n te n  sind , von  d enen  die e rs te  im p lic it die K e tte n e n d g lie d e r, die le tz te re  
e x p lic it die K e tte n m itte lg lie d e r ch a rak te ris ie ren , u n d  zw ar:

b =  cpk =
M k

a =  2M„ (cpv —  tpk) =  2 (Ф,. — M r b ) ,

( 2)

( 3 )

w obei cp dem  Z ah len w ert d er en tsp rech en d en  spezifischen , Ф h ingegen dem  
Z ah len w ert der en tsp rech en d en  m olaren  E igenschaften  e n tsp r ic h t, w ährend  
d e r In d e x  к sich a u f  die K e tte n m itte lg lie d e r, der In d e x  v a u f  die K e tten en d - 
g lieder bezieh t.

* S yn th e tisch e  lin ea re  P o ly m ere , X X V II: K olo risz tika i É r t .  8 , 221 (1966).
** V orgetragen  a n  d e r K onferenz  des V ereins U ngarischer C hem iker, Pécs, 26. A u g u st

1967.
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Es w urde gezeig t, d aß  Gl. (1) au ch  a u f  cyclische po lym erhom ologe oligo- 
m ere  V erb indungen  au sg ed eh n t w erden  k a n n  [11]. Die K o n s ta n te  b kennze ichnet 
a u c h  in  diesem F a ll die K e tte n m itte lg lie d e r u n d  ih r  W e rt is t  m it dem  W ert 
je n e r  K o n stan te  b id en tisch , die sich a u f  die lineare  R eihe  einer ähnlichen 
S tru k tu r  bezieht.

Bei genügend großem  M olekulargew icht (M  —► °° )  k a n n  das Glied a /M  
a u f  d er rech ten  S eite  d e r Gl. (1) gegenüber b v e rn ach läß ig t w erden . In  diesem  
F a ll  w ird die spezifische E ig en sch aft allein du rch  den Z ah len w ert der K o n 
s ta n te  b b estim m t.

E xperim en te ller Teil

Gem einsam  b e i den  b isherigen  U n tersu ch u n g en  w ar, d a ß  sie sich d u rc h 
w egs m it linearen  bzw . cyclischen oligom eren po lym erhom ologen  V erb in 
d u n g en  solcher S tru k tu r  b e faß ten , deren  Z u sam m ense tzung  m it der folgenden 
allgem einen F o rm el angegeben  w erden  k an n :

Y  — (M )n — X  bzw. (M )n , (4)
I_____I

w obei M  das K e tte n g lie d , n  den  P o ly m erisa tio n sg rad  u n d  Y  u n d  X  solche 
E n d g ru p p en  b e d e u te n , die gleich oder versch ieden  sein k ö n n en . Die b isherigen 
U n te rsu ch u n g en  e rs tre c k te n  sich a b e r n ic h t a u f solche polym erhom ologe oli- 
gom ere V erb indungen , deren  Z usam m ense tzung  m it d er fo lgenden  allgem einen 
F o rm e l zu besch rieb en  is t:

У  -  (M „) — R  — (M )n -  X , (5)

w obei R  irgendw elches von  den  K e tten g lied e rn  versch ied en e  A tom  oder 
A tom g ru p p e  b e ze ich n e t, w äh ren d  die übrigen  Zeichen d en  schon im  T ex t 
vorgekom m enen en tsp rech en . F ü r  V erb indungen  d ieser A r t  w ar selbst das 
n ic h t  klar, ob Gl. (1) g ü ltig  is t , bzw . inw iefern  sie bei po lym erhom ologen  V er
b in d u n g en  solcher Z u sam m en se tzu n g  ve rw en d b ar is t . I n  d er vorliegenden 
A rb e it w urde d a h e r  v o r allem  a u f  G ru n d  der A rb e it so w je tisch er F orschern  
e in e  diesbezügliche U n te rsu ch u n g  ein iger in der L i te ra tu r  neuerd ings a u f
f in d b a ren  — m it d e r F orm el (5) zu beschre ibenden  pclym erhom ologen  oligo
m eren  V erb indungen  fo r tg e fü h rt, n ä h e r  die U n te rsu c h u n g  der Ä nderung  
des B rechnungsindexes, des spezifischen  V olum ens u n d  d er aus diesen beiden 
b erechenbaren  spezifischen  R e frak tio n  dieser V erb in d u n g en  als F u n k tio n  
d e r  M olekülgröße. D ie u n te rsu c h te n  R eihen , n e b s t A n g ab e  d er Quellen d e r 
zugehörigen D a ten  s in d  in T abelle I  zusam m engeste llt.

U n ter den u n te rsu c h te n  polym erhom ologen  o ligom eren  V erb indungen  
b e finden  sich sow ohl solche m it lin ea ren , als auch  solche m it verzw eig ten  K e tte n . 
D ie  spezifische R e fra k tio n , das B rechungsverm ögen  u n d  das spezifische V olu
m en  dieser V erb in d u n g en  als F u n k tio n  des R ez ip ro k w ertes  der M olekular-
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T abelle  I

D ie untersuchten, in  der Kettenmitte eine Heteroatom gruppe enthaltenden polymerhomologen  
R eihen  und Quelle der D aten über ihren  B rechnungsindex und  ihr spezifisches V olum en

[12] n  =  15, 60, 98, 170, 350

П.

[12] n =  10, 15, 98, 136, 170

III.

CH3

f
H ,C — S i— C H ,

СНз 
I

Н зС - f - S i ----- 0 - Í
I

СНз "f
О

C H ,
I

-О -----S i—)—C H ,
I n

C H ,

H ,C — Si— C H ,

f"
СНз

[13] n  =  23, 66, 72
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F o rtse tzu n g  d e r T ab e lle  I

OH

f
НзС—  Si— СНз

СНз

IV-

о
f -

СНз
I Г"но-(—sí— o-v-T i-(-o— ái-^-он

СНз fо СНз

НзС— Si—СНз 
Тп
он

[13] п  =  9, 18, 25, 34, 42, 52, 80, 104

СНз1 СНз1
H O -f-S i— 0 -- f - B -----O - f

n 1
-Si-)— OH 

1 "
СНз f

0
1

CH,

НзС — Si---- CH,
1

Tn
OH

[14*] п  =  9, 13, 25, 46, 135, 220

V . C H 3- ( C H 2- ) n- S i H 2- ( C H 2)n- C H 3

VI. HO-(CH2)n—ООС-(СН2)4-СООО-(СН2)п—он

VII. СН3—(СН2)П—ООС—̂  '_>—СОО—(СН2)П— сн3

V III . СН3-(СН2)„—ООС-<^ >̂—(СН2)2—СОО—(СН2)П—СН3

[15] п =  1 ,2 ,  3

[16] п  =  4, 5, 6

[17] п =  0, 3, 5, 7, 8, 9

[17] ге =  1 ,3 ,  5, 6, 7

* E s sind  led ig lich  D a te n  ü b e r  den B rech u n g sin d ex  b e k an n t.
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große d a rg es te llt liegen  die e rh a lten en  P u n k te  m it g u te r  A nnäherung  a u f  
einer G eraden , w ie dies auch  aus A bb . 1 — 3 e rs ich tlich  is t. E in  äh n lich e r 
Z usam m enhang  e rg ib t sich auch fü r  die üb rigen  u n te rsu c h te n , jedoch  w egen 
P la tzm an g e l n ic h t da rg este llten  F älle  (zah lenm äßig  22). Die W erte  fü r  die

Abb. 1. Spezifische R e fra k tio n  von T i-D im ethy lsiloxanen  m it O H -E n d g ru p p en , a b  F u n k tio n  
des R eziprokw ertes des M olekulargew ich tes

Abb. 2. Ä nd eru n g  des B rechungsindexes von  Poly(8-oxy-ch ino lin -T i-D im ethyIsiloxanen) 
m it ve rzw eig te r K e t te  als F u n k tio n  des R ezip ro k w ertes  des M olekulargew ichtes

R ic h tu n g s ta n g e n te n  u n d  die A chsen ab sch n itte  der fü r  die einzelnen u n te r 
su ch ten  spezifischen E igenschaften  e rh a lten en  G eraden  w urden  fü r P o lym ere  
versch iedener S tru k tu r  n a c h  der M ethode der k le in sten  Q u ad ra te  (*der sog. 
D u rch sch n ittsw erte ) b e re c h n e t, u n d  in  T abelle  I I  zusam m engefaß t. U m  V er
gleiche zu erle ich ten , s in d  auch  die in den frü h eren  A rb e iten  fü r  die D im ethy l- 
siloxan- u n d  M eth y len -K e tten g lied er (G ruppen) e rh a lten en  spezifischen G ren z
w erte  (der W ert der K o n s ta n te  b in Gl. (1)) angegeben .
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350 GÉCZY: SYNTHETISCHE LINEARE POLYMERE, XXVIII.

A bb. 3. Ä nderung  des spezifischen  V olum ens de r o -P h ta lsäu rees te r  m it n-A lkoholen , als F u n k 
tio n  des R ezip rokw ertes des M olekulargew ichtes

D iskussion der erhaltenen Ergebnisse

A us Abb. 1 — 3 sow ie aus den u n te rsu c h te n  F ällen  k a n n  fe s tg e s te llt 
w e rd en , daß  sich die Gl. (1) auch  zur B eschre ibung  der von a d d itiv e n  G rößen 
a b le itb a re n  spezifischen E ig en sch aften  so lcher V erb indungen  als F u n k tio n  
d e r  M olekülgröße e ignet, die m it der a llgem einen  F orm el (5) c h a ra k te ris ie r t 
w e rd en  können , g leichgü ltig  d avon , ob es sich  um  lineare M oleküle oder so lche 
m it verzw eig ten  K e tte n  h a n d e lt.

E ine  nähere  U n te rsu ch u n g  der D a te n  in  Tabelle I I  zeig t, d aß  die spezi
fisch en  G renzw erte (K o n s ta n te  b in  Gl. (1)) der po lym erhom ologen  R eihen  
I, II, III, IV u n d  IV/a, sow ie der H om ologre ihen  V, VI, VII u n d  VIII, u n d  die 
en tsp rech en d en  G renzw erte  der P o ly d im eth y ls ilo x an e  bzw . d er P a ra ff in -  
K ohlenw assersto ffe  n a h e z u  id en tisch  s in d , obwohl im  F alle  d er le tz te re n  
d ie  zum  B rechungsindex  u n d  zum  spezifischen  V olum en gehörigen  6-W erte 
e tw as  s tä rk e r  abw eichen , was d a ra u f  h in w eis t, daß bei diesen V erb indungen  
d as  in  die K e tte  e in g eb au te  H e te ro a to m  o d er — a to m g ru p p e  a u f  die G esta l
tu n g  d er endgültigen  G röße d ieser G ren zw erte  einen gew issen, w enn auch  n ic h t 
a llzu  s ta rk en  E in fluß  a u sü b t.

W enn nun  die m it der bere its  f rü h e r  beschriebenen M ethode [18] a u f  
G ru n d  der Gl. (3) b e rech n e ten  W erte  d e r K o n stan ten  a s tic h p ro b e n a rtig  m it 
d en  in  Tabelle I I  e n th a lte n e n  W erten  verg lichen  w erden , so e rg ib t s ich t bei 
V erw endung  der Gl. (1) a u f  die spezifische R efrak tion  (da die zu r B erechnung  
b e n ö tig te n  In k rem en te  fü r  diesen F a ll am  ehesten  zugänglich  sind) fü r  den 
W e rt о der po lym erhom ologen  R eihe I, m it CH3- als E n d g ru p p e , 5,08 a n s ta t t  
21 ,58 , u n d  fü r den W e rt a der H om ologre ihe  VI, u n te r  d er A n nahm e, d a ß  
b e id e  E n d g ru p p en  O H -G ruppen  s in d , —6,53 gegenüber dem  gefundenen  
W e rt von —23,4. Im  le tz te re n  F a ll e rg ib t sich au f G rund d er Gl. (3) b e rech n e t
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Tabelle  II

Werte der Konstanten a und  b der Gleichung (1 )  a u f  Grund der einzelnen untersuchten spezifischen  
Eigenschaften f ü r  Polymere verschiedener S truk tur nach der Methode der kleinsten Quadrate (D urch

schnittswerte*) bestimmt
a 6

n 1 Id rsp n 1 Id rsp

I. 99,06* — 105,46* 21,58* 1,403* 1,024* 0,250*

I I . 66,93 — 82,50 3,01 1,403 1,025 0,250

I I I . — 13,28 10,92 9,34 1,405 1,027 0,251

IV. 23,92 — 67,80 — 4,09 1,405 1,023 0,251

IV /a. 13,76 — — 1,404 — —

C H 3

( S i - o - ) _ — — 1,403 (2) 1,03 (6) 0,251 (1)

C H 3

V. — 9,16 32,85 1,39 1,494 1,093 0,332

V I. — 11,55** — 102,97** — 23,40 1,506** 1,260** 0,322

V II. 10,33** — 66,70* — 14,58* 1,463* 1,190* 0,331*

V II I . 10,70 — 85,14 — 18,81 1,451 1,235 0,336

- ( C H ) 2- n _
1

' --- — 1,470 (2) 1,18 (6) 0,331 (1)

** Aus zwei D a ten  b estim m t

fü r  die K o n s ta n te  a ein W ert v o n  —24,63 (o =  2/17,243 — 8 9 x 0 ,3 3 2 / =  
=  — 24,63), falls m an  als E n d g ru p p e n  die A to m g ru p p en  —(C H 2)2C O O — 
u n d  —O H  b e tra c h te t .  D ieser d irek te  V ergleich ist zu r Z eit im  Falle t i ta n h a l t i 
ger V erb in d u n g sty p en  (I, II, III, IV) n ic h t m öglich, da das In k re m e n t fü r  die 
B in d u n g  T i—О n ic h t zu r V erfügung s te h t.

D ie Id e n t i tä t  d er en tsp rech en d en  6-W erte sowie d er zah lenm äßige W ert 
d er K o n s ta n te n  a k ö n n en  n u r  dann  au fg ru n d  der b isher d isk u tie r te n  E rg eb n is
se g ed eu te t w erden , w enn m an a n n im m t, d aß  sich die K o n s ta n te n  der G leichung 
(1) n ic h t a u f  das ganze M olekül d er m it d er allgem einen F o rm e l (5) besch riebe
n en  R eihen  beziehen , sondern  n u r  a u f  ein zwischen dem  H e te ro a to m  oder 
-a to m g ru p p e  u n d  e iner d er E n d g ru p p e n  liegendes S eg m en t des M oleküls. 
So z. B . im  F alle  von  III a u f  das d u rch  die Form el

C H 3
I

T i/d —o —Si)„— CH
I
C H 3
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352 GÉCZY: SYNTHETISCHE LINEARE POLYMERE, XXVIII.

C H 3
I

d a rg es te llte  Segm ent, w o die A tom gruppe  (O —Si) als K e tten g lied , u n d

CH3
T i/4- bzw . CHg- als E n d g ru p p e n  zu b e tra c h te n  sind oder im  F a lle  von У, a u f  
das S egm ent H —S i/2 -(C H 2)n-CH3, wo (C H 2) die K e tte n m itg lie d e r  u n d  H -S i/2- 
sow ie -C H 3 die E n d g ru p p e n  b ilden usw . Diese F es ts te llu n g  g ilt  n a tü rlich  so
w ohl fü r  Moleküle m it lin ea ren  als auch  fü r  solche m it ve rzw eig ten  K e tte n .

ZU SA M M E N FA SSU N G

Ü
A usgehend von  L ite ra tu rd a te n , zeigte d e r V erfasser, daß  d ie  Gl. <psp =  ^  +  6, w o

bei (psp irgendeine spezifische E ig en sch aft, M  das M olekulargew ich t, a u n d  b K o n s ta n ten  b e d e u 
te n ,  a u ch  bei solchen p o ly m erhom ologen  o ligom eren  V erb in d u n g en  m it  linearen  oder v e r 
zw eig ten  K e tte n  a n g e w a n d t w erd en  k a n n , die m it d e r folgenden a llgem einen  Form el besch rie 
b e n  w erd en  können:

Y  — (M )n —  R  —  (M )„  X ,

w obei R  irgendw elches zw ei- o d er m ehrw ertige  A to m  oder A to m g ru p p e  ist. Die K o n s ta n te n  
d e r  G leichung ken n ze ich n en  in  diesem  F a ll das S egm en t zw ischen d em  H e te ro a to m  u n d  einer 
E n d g ru p p e  bzw. k ö n n en  sie  aus diesen S tru k tu rm e rk m a le n  b e rec h n e t w erden.
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ACTA C H IM IC A
TOM L V II —  В Ы П . 3

РЕЗЮМЕ

Механизм адсорбционной индикации, III. Новый адсорбционный индикатор 
— 4-(4’-нитро-фенил-азо)-1-нафтол

Л .  Л Е Г Р А Д И

Описывается универсальный аргентометрический индикатор — 4-(4’-нитро-фенил- 
азо-)-1 -нафтол, который может быть использован при титровании ионов хлорида, бромида, 
иодида, тиоцианида и цианида. Титрование выполняется при pH =  9—10. Индикатор рабо
тает на кислотно-основном принципе. Это можно доказать путем установления изменения 
константы диссоциации адсорбата-красителя при избытке собственных ионов. Подробно 
обсуждается механизм индикаторного действия.

Механизм адсорбционной индикации, IV. Комбинирование принципа 
индикации Фаянса с кислотно-основным принципом

Л . Л Е Г Р А Д И

Автором описывается новый адсорбционный индикатор — 2-(4’-нитро-фенилазо)-1- 
нафтол-4-сульфокислота, применяемый при аргентометрическом определении ионов хлори
да, бромида, иодида, тиоцианида и цианида. Механизм индикаторного действия является со
четанием адсорбционно-десорбционного процесса с кислотно-основным принципом. Изме
нение окраски происходит вследствие образования структуры нитроновой кислоты под 
действием иона серебра или щелочи. Наличие этого типа индикаторного действия можно 
доказать: а) определением изменения pH при титровании, б) демонстрацией практического 
постоянства константы диссоциации адсорбата-красителя в избытке анионов и в) адсорб
ционными измерениями.

Нефелауксетический ряд и ряд параметров Мёссбауэра для комплексов
железа

к. Б У Р Г Е Р , А. В Е Р Т Е Ш  и Э. П А П -М О Л Н А Р

Приводится зависимость между нефелауксетическим влиянием лигандов и пара
метрами Мёссбауэра для их комплексов железа. На основе приводимых собственных и 
литературных данных можно наблюдать, что параметры Мёссбауэра для безводных галоге
нидов, антранилата, гипофосфита, сульфида и диэтил-дитиокарбамата железа(П) соот
ветствуют нефелауксетическому ряду.



Некоторые теоретические проблемы применения радиоактивных вкраплений 
криптона в качестве индикатора при комплексометрическом

титровании
Й. Т Ё Л Ь Д Е Ш И , T . Б Р А У Н  и  Ш. ВАРГА

Настоящая работа занимается возможностью применения радиоактивных вкрапле
ний криптона в качестве комплексометрических индикаторов. Авторы изучали условия, 
влияние на выбор радиоактивного вкрапления криптона в качестве индикатора. При вы
боре индикатора необходимо учитывать все равновесия, как в точке эквивалентности, так 
и после нее, которые характеризуются кажущимися константами стабильности и произ
ведениями растворимости всех присутствующих в системе комплексов и осадков. При
менение выведенных теоретических зависимостей иллюстрируется на конкретном примере 
выбора и изучения действия радиоактивного вкрапления криптона Agl0 3  [8 5 Кг] в качестве 
индикатора. Индикатор A gl0 3  [8 5 Кг] применялся при определении Са3+ путем титрования 
раствором ЭДТК.

Исследование образования, термического разложения и структуры системы 
U 03—Н20, III.Термическое разложение/?-U03- 2Н2О, полученного и зу -и 0 3:

3 . П О КО , М. Ф О Д О Р  и  Э. САБО

При определении свойств системы U 03— H20  предварительно было исследовано под
робно термическое разложение модификаций трёхокисей урана, полученных разными ме
тодами. В настоящей работе обсуждаются свойства системы y-U03— Н20  и термическое раз
ложение модификации ß - U 0 3 ■ 2Н,0, полученного из y-U03. По данным дериватографи
ческих исследований было установлено, что продукты гидратации y-U0 3  отличаются от до 
сих пор исследованных продуктов гидратации трёхокисей урана. При сопоставлении 
конечных продуктов гидролиза, проведенного при комнатной температуре, свойства 
модификаций а-и /í-дигидратов наглядно отличаются.

Изучение ионообменных равновесий с помощью радиоактивной индикации, 
XII. Определение последовательных констант стабильности комплексов 

европия с а-гидрокси-изомасляной кислотой
Т , Л Е Н Д Ь Е Л

Были определены последовательные константы стабильности комплексов европия 
с а-гидрокси-изомасляной кислотой с помощью жидкого ионообменника — ди-2 -этил- 
гексил-фосфорной кислоты. На основе расчетов, проведенных методом Фронеуса и одним 
из новых методов, были получены следующие значения log Ki =  2,70, log К» =  2,27 и log 
К3  =  1,55, находящиеся в хорошем согласии с литературными данными.

О механизме миграции водородного и гидроксидного ионов, VIII. Влияние 
состава глицерино водных смесей и температуры на электропроводность 
растворов НС1, КОН, KF и КС1 и на их вязкость при температурах 5 и 25°С

T . Э Р Д Е И -Г Р У З  и Э. К У Г Л Е Р

Эквивалентная электропроводность раствора НС1 в глицерине уменьшается под 
влиянием небольшого количества воды, при содержании воды 8  мол.% проходит через 
минимум, а затем увеличивается. Электропроводность растворов КОН, КС1 и KF с увели
чением содержания воды изменяется в небольшой степени до значений содержания воды, 
равных 4 0 мол.% в случае КОН и 60 мол.% в случае КС1 и KF, а затем быстро возрастает 
вплоть до значения, соответвствующего водному раствору.



Произведение эквивалентной электропроводности и вязкости в случае глицеринового 
раствора НС1 намного больше, чем в случае водного раствора и сначала резко падает с 
увеличением содержания воды, между 15—50 мол.% воды почти не изменяется, а затем 
почти линейно падает. Величина произведения Л г] достигает минимума при 95 мол. % 
воды.

Энергия активации электропроводности НС1 имеет максимум при 4 мол.% воды, 
затем уменьшается от 13,8 ккал/моль почти линейно до величины, соответствующей вод
ному раствору. Энергия активации электропроводности растворов КОН, КС1 и KF моно
тонно уменьшается с ростом содержания воды.

На основе экспериментальных результатов можно установить, что в растворах с 
высоким содержанием глицерина, ионы глицерин-оксония, наряду с гидродинамической 
миграцией, проводят электрический ток и путем передачи протонов.

Кажется вероятным, что подобно ионам гидроксила в водных растворах, ионы 
глицерата в глицерине также способны к обмену протонов. В относительно высокой под
вижности ионов гидроксила играет роль то, что вследствие несферической симметрии 
силового поля, они сильнее разрыхляют структуру, чем ионы F~ и С1 , которые имеют 
сферическую симметрию.

Кинетик-каталитическое значение видимо обратимой трехугольной реакции 
первого порядка изомеризации п-бутенов

Д . К А Л Л О

Кинетика изомеризации п-бутенов на твердых кислых катализаторах формально 
может быть описана схемой обратимой трехугольной реакции; все ступени являются реак
циями первого порядка. При интерпретации кинетики каталитического процесса пред
полагалось образование карбониевого иона и-бутила как общего промежуточного продук
та. Согласно этому, реакция на поверхности происходит по следующей схеме:

/ p i  цис-2 -бутен
I-бутен ^ ■-

транс-2 -бутен

Уравнения для селективности, выведенные на основе этой схемы, формально идентичны 
феноменологически найденными. Были рассчитаны относительные скорости адсорбции, а 
также вероятности десорбции отдельных изомеров.

О количественном определении содержания морфина в маковке 
полярографическим методом

Б . Ж А Д О Н  и Т . П А А Л

Было установлено, что высота полярогчафической волны морфина уменьшается по 
кинетическому уравнению первого порядка в том случае, если нитрозирование проводится 
при постоянной температуре и продолжительность реакции превышает 5 минут. Умень
шение высоты волны также зависит от температуры нитрозирования. При измерениях 
длительность нитрозирования изменялось в интервале 5—50 мин., а температура между 
20 и 30 °С.

Такие же измерения проводились с солянокислыми экстрактами маковки. Было 
установлено, что относительное уменьшение высоты волны в этом случае меньше, чем для 
чистого морфина при прочих равных условиях. Это объясняется тем, что примеси, сопро
вождающие морфин в данном экстракте, увеличивают высоту волны в одинаковой степени, 
независимо от времени нитрозирования, а высота волны, соответствующая дествительному 
количеству морфина уменьшается при увеличении времени нитрозирования в той же мере, 
как и в случае чистого морфина.

Дается метод расчета, с помощью которого можно определить истинное содержание 
морфина в экстрактах маковки без отделения мешающих веществ, если известны высоты 
волны при двух различных временах нитрозирования.



Некоторые данные к химии гетероцикличных, псевдоосновных 
аминокарбинолов, XXXIV. Замечания к синтезу «Анантрила» и таутомерии 

аминов /?-оксокарбоновых кислот
Ч . С А НТА И , Л . Н О В А К  и  П . Ш О Х А Р

Изучались условия кето-энольной таутомерии производных 2-оксо-бензо(а)-хино- 
лизидинов, содержащих амидокислотную, эфирную или нитриловую группу в положени
3. С помощью ик- и ЯМР-спектроскопии определялось содержание энольной формы амида 
N-диэтил-ацетоуксусной кислоты в качестве модельного соединения, и было установлено, 
что среди производных /3-оксокарбоновых кислот в наибольшей степени энолизируется это 
производное с двумя заместителями на азоте.

Синтетические линейные полимеры, XXVIII. Зависимость между некоторыми 
удельными свойствами полимерных гомологов — олигомеров, содержащих 
различные атомы или атомные группы в середине цепи, и размерами молекул

И. Г Е Ц И

На основании литературных данных, автором было показано, что уравнение (I) 
может быть использовано и для таких олигомерных соединений, являющихся полимер
ными гомологами с линейной или разветвленной цепочкой, которые можно представить в 
виде следующей общей формулы:

Y  — (М)п — R  — (М )п — X ,

где R  — двух- или многовалентный атом или атомная группа. Постоянные в уравнении в 
этом случае характерны для сегмента, находящегося между атомом или атомной группой, 
отличающимися от повторяющихся звеньев молекулы, и какой-либо концевой группой; 
они могут быть определены путем расчета из этих структурных характеристиков.
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U gyanerre a c ím re  kü ldendő  m in d e n  szerkesztőségi levelezés. A  szerkesztőség  kéz
i r a to k a t  nem  ad v issza .

Az A cta C him ica előfizetési á ra  k ö te te n k é n t  belföldre 120 F t ,  kü lfö ld re  165 F t .  Meg
re n d e lh e tő  a belföld s z á m á ra  az „A k ad é m ia i K ia d ó ” -nál (B u d a p es t V ., A lk o tm án y  u tc a  21. 
B an k szám la  05-915-111-46), a  külföld sz á m á ra  ped ig  a „ K u ltú ra ”  K ö n y v - és H írlap  K ü lk e res
k ed e lm i V álla latnál (B u d a p e s t  L , Fő u tc a  32. B ankszám la: 43-790-057-181) v a g y  a n n a k  k ü l
fö ld i képviseleteinél és b izom ányosainá l.

Die A cta C him ica v e rö ffen tlichen  A b h an d lu n g en  aus d em  B ereiche de r chem ischen  
W issenschaften  in  d e u ts c h e r , englischer, fran zö sisch e r und ru ss isch er Sprache.

Die A cta  C him ica erscheinen in H e f te n  w echselnden U m fanges. V ier H efte  b ild e n  einen 
B a n d . Jäh rlich  ersch e in en  4 B ände.

Die zur V erö ffen tlich u n g  b es tim m ten  M an u sk rip te  sind an  fo lgende  A dresse z u  senden:

A cta  Chim ica
B udapest 112/91 M űegyetem

An die gleiche A n sch rif t ist auch  je d e  fü r  die R ed ak tion  b e s tim m te  K o rresp o n d en z  zu 
r ic h te n .

A b o nnem en tsp re is p ro  B and: 165 F o r in t .  B estellbar be i d em  B uch- u n d  Z eitungs- 
A u ß e n h an d e ls-U n te rn eh m en  »Kultúra«  (B u d a p e s t  I „  Fő u tc a  32. B an k k o n to  N o. 43-790- 
057-181) oder bei se inen  A u s la n d sv e rtre tu n g en  u n d  K om m issionären .
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И З У Ч Е Н И Е  Р А С П Р Е Д Е Л Е Н И Я  Р Е Д К И Х  Э Л Е М Е Н Т О В  
М Е Ж Д У  Р А З Л И Ч Н Ы М И  Ф А З А М И  К А М Е Н Н Ы Х  

М Е Т Е О Р И Т О В  М ЕТ О Д О М  Н Е Й Т Р О Н О 
А К Т И В А Ц И О Н Н О Г О  А Н А Л И З А *

А. К- Л а в р у х и н а , Л. Л. К а ш к а р о в , Г- М. К о л е с о в  и Л. И. Ге н а е в а  

(И н ст и т у т  геохим ии и аналит ической хим и и  им . В . И . В ер н а дск о го  А Н  С С С Р , М о ск ва )

Поступило 2-го августа 1967 г.

В последние годы получили большое развитие работы по изучению 
химического состава метеоритного вещества. Метеориты, самые малые косми
ческие тела Солнечной системы, непрерывно выпадают на поверхность Земли 
и являются единственными космическими объектами, доступными деталь
ному исследованию в лабораториях.

Метеориты значительно отличаются от земных пород по структуре, а 
также химическому и фазовому составам. Основными фазами являются 
силикатная и металлическая; последняя представляет собой железо-нике
листые твердые растворы с переменным содержанием никеля (от 3 до 70%). 
Соотношение фаз в метеоритах различных классов непрерывно изменяется. 
Железные метеориты состоят преимущественно из никелистого железа, а 
некоторые типы каменных метеоритов (углистые хондриты, ряд ахондритов) 
— из силикатного расплава. Своеобразие метеоритного вещества заклю
чается также в наличии у наиболее часто встречающихся типов метео
ритов, хондритов хондр — застывших стеклообразных капелек силикат
ного и железо-никелистого расплавов различных размеров (от нескольких 
долей миллиметра до нескольких миллиметров).

Для познания процессов, приведших к описанным особенностям 
метеоритного вещества, необходимы детальные исследования закономер
ностей распределения элементов между отдельными фазами, металли
ческой и силикатной, между хондрами и межхондровым веществом, между 
отдельными минералами и т. д.

Решение этой задачи требует применения прежде всего высокочув
ствительных методов анализа, позволяющих определять малые количества 
элементов в небольшом количестве пробы. Из всех современных методов ана
лиза для такой цели пригодны только два метода: рентгеноспектральный 
микроанализ и метод нейтронной активации. С использованием последнего 
метода в настоящее время появляется все больше данных о среднем содер
жании редких элементов в метеоритах различных типов. (См., например,

* Доклад на II Международной конференции по физико-химическим методам 
аналитической химии, 20—23 апреля 1966 г. (г. Будапешт).
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сводки [1—3]). Данных о содержании элементов в отдельных фазах метеорит
ного вещества ничтожно мало. В основном определялось содержание макро
компонентов — Fe, Со, Mn, Cr, Cu, Mg, Са, К и Na в отдельных хондрах весом 
от 0,1 до 71 мг [4—6]. Для редких элементов получены лишь данные о содер
жании Sc [5], Rb и Sr [б], причем для последних двух элементов брались 
хондры весом 0,1—0,75 г; определено также содержание Се, Eu, Sc, Ва, U и Р 
в отдельных обогащенных фракциях темных и светлых разновидностей 
хондритов Кунашак и Первомайский поселок [7], Ва и U [8], а также Bi, I 
[9] и F [10] в веществе разновидностей хондритов Pantar и Ensisheim.

В связи и большими трудностями отбора чистых монофазовых и моно- 
минеральных фракций встает вопрос об определении минимального коли
чества пробы, достаточной для точного определения содержания отдельных 
редких элементов. В настоящей работе рассматривается вопрос о чувствитель
ности определения Sc, Ва, U, Се и Ей различными вариантами метода нейт
ронной активации с точностью ±10% .

Известно, что величина чувстительности (т) может быть определена по 
формуле:

где A i  —■ атомный вес, N T —- минимальная величина измеренной активности 
(NT >  2 А, где А — статистическая ошибка определения фона счетчиков),гтл .— 
сечение (п , у)-реакции для i -изотопа, J  — поток нейтронов, W —число Авогадро, 
X — константа распада, t — время облучения, т — время, прошедшее от кон
ца облучения до начала счёта актвиности, а — доля изотопа в естественной 
смеси, Ь — поправка на химический выход, К  — коэффициент счёта, равный

где со — поправка на телесный угол, д — поправка наконечные размеры из
меряемого образца, Ki  — поправка на поглощение излучения в слое покрытия 
образца, воздухе и веществе окошка счётчика, gt — поправка на обратное 
рассеяние от материала подложки, S,- — поправка на поглощение излучения 
в веществе образца, Р,- — доля i-излучения на 1 распад, Z, — разрешающая 
способность счётчика для i -излучения. Величины определялись эксперимен
тально для всех исследованных изотопов при различной геометрии счёта и 
с учётом схем распада.

Расчёт проводился для трех вариантов активационного метода при 
J  =  1Д013 нейтронов/см2• сек, 6 =  1,0 и заданной активности.

I вариант — измерение активности на низкофоновом 4я-счётчике с 
проточным газом; фон 4 ± 0 ,5  имп/мин, со =  0,8; N r =  1 имп/мин.

ТП =
aA i ' а • Ь • K J -  W • (1 — е и )-е *т ( 1 )

( 2)
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I I  вариант — измерение на стандартном торцовом счётчике типа 
МСТ—17 с диаметром окошка 20 мм и фоном 16^2 имп/мин, со — 0,05, N T =  5 
имп/мин.

I I I  вариант — измерение на сцинтилляционном у-спектрометре с кри
сталлом NaJ (Т1) размером 40 х 40 мм и 100-канальным анализатором импуль
сов; со =  0,4; N T =  в интервале от 10 до 100 имп/мин для у-линий с различной 
энергией.

В табл. I в качестве примера приведены величины чувствительности при 
различном времени облучения для т =  10 час. Из рассмотрения этих данных 
следует, что наиболее оптимальным временем облучения является 7 дней (за 
исключением Ей и Се при опреределении по Eu152m и Се113, соответственно). 
Наиболее высокая чувствительность достигается при измерениях на низ
кофоновом 4тг-счётчике; особенно она высока для Sc (~ 1 0 -11 г) и Ей 
( ~  10-13 г). Чувствительность уменьшается примерно на два порядка при 
измерениях на торцовом счётчике и на у-спектрометре. Только при опре
деления Ва (по Ва131, распадающемуся путем захвата орбитальных элек
тронов) чувствительность по у-спектрометрическому варианту достаточ
но близка к чувствительности 4я-счётчика. Следует также отметить, 
что у-спектрометрический вариант менее трудоемок и не требует высокой 
степени очистки выделенных образцов.

В табл. 11 приведены данные о минимальных навесках метеоритов, не
обходимых для определения содержания Sc, Ва, U, Се и Ей. Они получены 
при Ь =  0,5, т =  10 час и среднем содержании указанных элементов в камен
ных и железных метеоритах [1, 2, 3]. Видно, что из проб каменных метеори
тов весом 10-5—10_3 г могут быть определены Sc, Се и Ей с точностью ±10%  
при измерении активности на низкофоновом 4 л-счётчике, а Ей (по Ей152") и на 
у-спектрометре. При определении бария минимальная навеска пробы должна 
составлять около 100 мг для I варианта и ~  1 г для III варианта. Очень 
большие навески требуются при определении урана в железных метеоритах 
(10 г и более), что исключает применение активационного метода для опре
деления содержания этого элемента в отдельных хондрах (вес которых редко 
превышает 100 мг) и мономинеральных фракциях.

В качестве примера в табл. III приведены наши данные по определению 
содержания Се, Eu, Sc, Ва и U в 200 мг пробы светлых и темных разновид
ностей гиперстеновых хондритов Кунашак и Первомайский поселок. После 
химического выделения по схеме рис. 1 активность Се и Sc измерялась на 
у-спектрометре соответственно по фотопикам с Е =  290 Кэв и Е =  880 Кэв 
(см. рис. 2), Ей — на торцовом счётчике; активность Ва и La140 была низкой 
и могла быть измерена только на 4 тг-счётчике.

Следует особенно отметить возможность определения очень малых 
количеств урана и исследование его распределения в различных фазах ка
менных метеоритов и в железных метеоритах методом регистрации треков
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Таблица 1 5>
Ч увст ви т ел ьн ост ь о п р ед ел ен и я  S c , Ba, U, Се и  Eu п р и  р а зл и ч н о м  вр ем ен и  о б л уч ен и я

Т1/2

Сечение Т ип
E ß  Мэв Еу Кэв Время

Ч увствительность, Г

мент И ЗО Т О П актива- распада облучения II вари ан т III  вари ан тции, бармы I вари ан т

Sc Sc4 6 85 дней 2 2 + 2 р 0,36 880 2 0  час

7о.о|> 5,6- 10- 9 4,2- 10- 9

1 1 2 0 ; 7 дней 8 ,8 - 1 0 - 12 7,3- 10- 1 0 5,3- Ю- 1 0

14 дней 4,5- 10- 12 4,0- 10-1» 2,7- IO“ 10

2 1  день 3,1 • 10- 12 2,5- 1 0 - 10 1 ,8 - IO" 1 0

30 дней 2 ,2 - 1 0 - 12 1 ,8 - 1 0 - 1 0 1,4- 1 0 - ‘°

Ва Ва11 11,5 дней 1 0 + 1 3. э _ 1 2 2 , 2 0  час 1,5- 1 0 - “ 1 ,2 - 1 0 - 4 1,4- 1 0 - 3

214, 7 дней 2 , 1  • 1 0 - 7 1,7- 1 0 - 5 1,9- 1 0 - 6

372, 14 дней 1,3 • ю - 7 1 , 1  • ю - 5 1 ,2 - 1 0 - 6

491, 2 1  день 1 ,0 - ю - 7 8 ,0 - 1 0 - 6 9,0- 10- 7

30 дней 8 ,6 - 1 0 - 8 6,9- 1 0 - 6 7,8- 10- 7

и Ва1 4 0 1 2 , 8  дней 107 р - 0,5; 1,0; 440, 2 0  час 1 ,2 - 1 0 - 8 9,6- 10- 5 1,5- 1 0 - 6

U l J 0
1 ,8 ; 820, 7 дней 1,7- 10- 9 1,4- 1 0 - 7 2 ,2 - 1 0 - 7

1 , 6 1600; 14 дней 1 ,0 - Ю̂ 9 8 ,0 - 1 0 - 8 1,3- ю - 7

537 2 1  день 8 ,0 - 1 0 - 1 0 6,4- 1 0 - 8 1 ,0 - ю - 7

30 дней 6 ,8 - 1 0 - 1 0 5,4- 10- 8 8 ,6 - 1 0 - 8

Се Се141 32,5 дней 0,31 р - 0,44; 143 2 0  час 6,4- 1 0 ~ 9 5,1 • 10- 7 4,2- 10- 6

0,58 7 дней 7,9- IO- 1 0 6,3- ю - 8 5,2- 10-’
14 дней 4,2- 10- 1 0 3,3- ю - 8 2 ,8 - 1 0 - 7

2 1  день 3,0- ю - 1 0 2,4- 1 0 - 8 2 ,0 - 1 0 - 7

30 дней 2,3- 1 0 - 10 1,9- 1 0 - 8 1,5- 1 0 - 7

Се из 33,4 час 0,95 0,71; 290 2 0  час 6,7- 1 0 - 1 0 5,4- 10- 8 1 ,0 - ю - 7

1,39

Ей Е й 152 9,2 час 1400 ЗЭ; ß - 1,39 122 2 0  час 7,6- 10- 1 4 6 , 1  • 1 0 - 12 1 ,8 - 1 0 -"
960;

Е й '52 1 2 , 2  года 5500 ЗЭ; р~ 1; 1,5 120, 240 2 0  час 2,7- 1 0 - 9 2 ,2 - 1 0 - 7 1,9- 10- 7

340; 7 дней 3,3- Ю-1« 2 ,6 - 1 0 - 8 2 ,2 - IO' 8

1 1 0 0 ; 14 дней 1 ,6 - Ю- 1 0 1,3- ю - 8 1 , 1  • 1 0 ~ 8

1400; 2 1  день 1 , 1  • 1 0 - 1 0 8 ,8 - 1 0 - 9 7,3- 10- 9

30 дней 7,6- 10-” 6 , 1  • ю - 9 5,0- 10- 9
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Т аб л и ц а  II

В ели ч ен ы  м и н и м а л ь н ы х  н авесок  м ет ео р и т о в , н е о б х о д и м ы х  д л я  о п р ед ел ен и я
Sc, Ва, U, Се и  Ей

(химический выход — 50%, время охлаждения — 10 час)

Элемент
В рем я

облуче
н ия

М инимальный вес пробы , г

К ам енны е метеориты Ж елезн ы е метеориты

I вариант 11 в ар и ан т 111вариант I вар и ан т И вари ан т 111 вари ан т

Sc 2 0  час 
7 дней

1 ,6 - 1 0 - 5 

2 ,0 - 1 0 - 6

1,3- ю-3 
1,6- 10-4

9,6- 10- 4  

1 ,2 - 1 0 - 4

7- 1 0  2 

8 ,8 - 1 0 - 3

5,6
7,1 • IO- 1

4,2
5,3- 10~ 4

Ва 2 0  час 
7 дней

6,6- ю-1
9,3- 10- 2

5,3- 101 

7,4
6 , 2

8,3 • 10- 1

1  • 1 0 3 

1,4- 1 0 2

8 ,0 - 1 0 4  

1 , 1  • 1 0 4

9.3- 103

1.3- 1 0 3

и 2 0  час 
7 дней

1,7
2,4- 1 0 - 1

1,4- 1 0 2 

1,9- 1 0 1

2 , 1  • 1 0 2 

3,1 • 1 0 1

4.8 • 101

6 . 8

3,8- 103  

5,4- 102

6- 1 0 3  

8 ,8 - 1 0 2

Се (по Се141) 

Се (по Се113)

2 0  час 
7 дней 

2 0  час

1,4- 1 0 " 2

1.7- 1 0 - 3

1 .8 - 1 0 - 3

1 , 2

1.4- 1 0 - 1

1.4- 1 0 - 1

9,3
1 , 2

2,9- 10- 1

6,4
7,9- 10- 1 

8,3- 1 0 - 1

5,1 • 102 

6,3- 1 0 1 

6 , 6  • 1 0 '

4.2- 103

5.2- 102

1.3- 1 0 2

Ей (по
Ец152Ш)
Ей (по 
Ей152)

2 0  час

2 0  час 
7 дней

4.3- 10-в

7.3- IO" 2 

8,9- 1 0 - 3

3,4- 10- 4

5,8
7,1 • 10- 1

1 ,0 - 1 0 - 3 

5,1
5,9- 10- 1

1.7- 1 0 - 2

2 .8 - 1 0 2 

3,5- ТО1

1,4

2 ,2 - 1 0 4 

2 ,8 - 1 0 3

4

2 - 1 0 4 

2,3- 1 0 3

Т а б л и ц а  III

С о д е р ж а н и е  С е , Eu, Sc, Ва и  U в т ем н ы х  и  свет л ы х  р а зн о в и д н о с т я х  К у н а ш а к  и  П ер в о м а й ск и й
п о сел о к

М етеорит
Распространенность 10-в  г /г

Се Ей Sc В а и

Кунашак, темная разновидность 1,1+0,3 7 ,4+0 , 8 5,2+1,5 0,0011+0,004,
светлая разновидность 

Первомайский поселок, темная
2 ,0 + 0 , 6 0,089 +0,01 8 ,4 + 0 , 6 —

разновидность 0,7+0 , 2 0,065+ 0,01 8,9+0,7 — —

светлая разновидность 1,3+0,3 0,072+0,01 9,2+0 , 8 —

тяжелых заряженных частиц [11], основанным на визуальном просмотре и 
подсчёте треков на полированной протравленной поверхности минералов. 
Например для измерения содержания урана в метеорите Vaca Muerta [12] 
служили треки осколков деления U235, индуцируемые при захвате тепловых 
нейтронов. Концентрация урана определялась по формуле

Cu~ Q í ( F - Nv- R . . .  (3)

где ft—плотность индуцированных треков, F —доля делящихся атомов урана, 
N v-  атомная плотность минерала и R  -средняя толщина слоя образца, на
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Облучение образца

Сплавление с Na2 0 2, выщелачивание (Н20  +  НС1) 

I H 2 S 0 4

Ba(Sr, Ca)S04 Sc, Р.З.Э., Fe, P

J, Na2 C0 3 1 NH4OH (избыток)

Ba(Sr, Ca)C03 гидроокиси Sc, P. 3. Э., Fe [Ni(NH3)cp

HN03, дым. H N 0 3 8 h  HCl, D-l x  8

(MojO,),]

Caa+, Sra+, B a(N 03), Sc, Р .З .Э .,Р Fe3+, Co2+

H2 0 , K 2 Cr,0, 
CH3COONa 0,3-0,5н HCl, H2S (Cu)

Caa+, Sr2+, BaCrO., Sc,P. З.Э .,Р CuS

Выделение La1 4 0  

из Ba1 4 0

через 7 дней (U)

10% HN0 3 ,(N H 4 )2 Mo04

Sc, Р .З.Э .,Р (i\H 4 )3 H4[P

n h 4o h 1 0 % n h 4o h

Гидроокиси 
Sc, Р .З .Э . PO.,3-  Mo

1 HCl MgCl2, NH 4 C1
n h 4o h

0 ,5 h HCl, NH„CNS 
Экстракция эфиром M gNH,P0 4

Sc P. 3. Э. 0,3h . H i\0 3, КУ-2

аммоний
тартрат i HF P 0 43-  Mo

Sc-аммоний
тартрат

фториды 
P. 3. Э.

MgCl2. NHjCl 
NHjOH

Sc2 0 3
H3 B 0 3

H N 0 3
MgNH„PO,

гидроокис
NH„OH, 
и Р.З.Э . Mg2 P2 0 ,

9н H N 03, NaBiOj 
экстракция эфиром j

Ce4+ 0 ,5 h H N0 3 -f- H,S

H 2 C2 O4 P. 3 .  Э. i B Í 2 S 3

ê2 (C2 0 4 ) 3 HF, фториды P. 3 . Э.

Ce0 2 H3 B 0 3 +  H N 0 3

Н2 С2 0 4, оксалаты P. 3. Э.

Р и с .  7. Схема химического анализа каменных метеоритов при определении в них содер
жания Ва, U, Sc, Р. 3. Э.

Acta Chim. Acad. Sei. Hung. 57, 1968



Л А В Р У Х И Н А  и др. : И З У Ч Е Н И Е  Р А С П Р Е Д Е Л Е Н И Я  Р Е Д К И Х  Э Л Е М Е Н Т О В 359

которой при травлении трек становится видимым. Найдено, [12], что кон
центрация урана уменьшается в последовательности циркон А <  циркон В <  
витлокит <  тридимит <  гиперстен <  анортит и составляет, например, для 
последнего [3—9] 10~10г/г.

50  60 70 80  9 0  5 0  60 70  80  90
Номер к а н а л а

Р и с .  2 . 7 -спектры Се1 4 3  (а )  и Se4 6  (ó):
1  — стандарт, 2  — образец

Нами начаты исследования содержания урана и тория в слюдах, 
тектитах и железных метеоритах. Образцы слюды и тектитов легко обраба
тываются и после травления просматриваются в оптический микроскоп в 
проходящем свете. У слюды используется свежая поверхность после расщеп
ления, а у тектитов -  подходящий для просмотра скол или полированная 
поверхность. На рис. 3 приведены фотографии треков осколков спонтанного 
деления урана в биотите и тектите (молдавит) с плотностью q =  1,Ы03 и
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Р и с . 3 . Треки осколков спонтанного деления в биотите и тектите (молдавит)

Р и с . 4 . Индуцированная плотность треков в биотите и в кварцевом стекле (в контакте с 
поверхностью тектита) равная 1,4 • 105  и 7,2 • 107 на 1 см2 соответственно при интеграль 

ном потоке нейтронов 1 0 1 8  нейтрон/см2

15-103 треков на 1 см2 соответственно. Для определения коцентраций урана 
и тория образцы последовательно облучаются в потоках нейтронов реактора с 
различным отношением медленных (пм) и быстрых (пб) нейтронов, определе
ние которых одновременно проводится с помощью эталонных мишеней с 
электролитически нанесенными слоями U235 и Th. Индуцируемые под дей
ствием нейтронов треки (см. рис. 4) регистрируются или пленками лавсана 
(пластиками стекла, кварца), помещенными непосредственно к исследуемой 
поверхности, или в самом образце. В последнем случае учитывается плот
ность треков, запасенная в образце в течение геологического времени его 
существования.
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Плотность треков, индуцируемых в потоке нейтронов с отношением 
п м/п б == ТС, записывается как

Qi -f- пм • W  ■ R  ■ d ■ С и  , J _

Ли К +  ° T h ( 4 )

где W  — число Авогадро, А ( — атомный вес,К — толщина слоя, равная, для 
тектитов 1,2.10-3 см [13], d — плотность вещества образца, д235 — эффектив-

Т а б л и ц а  IV

П л о т н о с т ь  и н д уц и р о в а н н ы х  т реков в  о б р а з ц а х  с оп р еделен н о й  к о н ц е н т р а ц и е й  у р а н а  ( С и )
и  т о р и я  (C Th)

К о н ц е н т - п м =  Пег 2 - 1 0 1* н е й т р о н о в / с м 2 п м  =  3 , 5 - 1 0 11 ;  по =  3 , 9 • 1 0 15 н е й т р о н о в / с м

р а ц и я  
у р а н а  и  

т о р и я  
г / г *

Q о б щ .  : Q б Ы С Т . S Л с , %*** Q О б Щ . Q б Ы С Т . S АС, % * *

с м ~ 2 СМ“ 2 с м 2
и Th СМ“ 2 СМ“ 2 с м 2

и Th

1 0 - 6 8,1 • 107 1 ,2 4 -  107 0,01 0,1 0 ,3 1 ,2 5 -  107 2 ,5 -  104 0,01 0 ,3 0 ,6
1 0 - 8 8,1 • Ю5 1 ,2 4 -  105 0 ,0 1 1,1 2 ,8 1 ,2 5 -  105 2 ,5 -  105 0 ,0 1 2 ,8 6 ,3

0,05 0 ,5 1,3 0 ,0 5 1.3 2 ,8
10-ю 8,1 ■ 103 1 ,2 4 -  103 0,1 3 ,5 9 1 ,2 5 - 103 2 ,5 0,1 9 —

10-12** 405 62 1 5 13 62 0,1 1 13

*) При оценке предполагалось Си CTh 
**) Интегральный поток нейтронов Пм =  ne =  101 9  нейтронов/см2

***) Ошибка обусловлена статистической погрешностью определения плотности индуциро
ванных треков

ное сечение деления U235 медленными нейтронами, д238 и дТц-сечения деле
ния U238 и Th быстрыми нейтронами, а — доля U235 в естественной смеси 
изотопов урана (7,26- 10~3г/г), Си и Стц — концентрация урана и тория в 
образце (в весовых единицах).

Оценка величин Си и СТъ, которые могут быть определены этим мето
дом, приведена в табл. 4. Видно, что концентрация Си и Стц > 10~8 г/г 
может быть определена с точностью до 1% при подсчёте индуцируемых тре
ков на поверхности образца S до 5 мм2, если пм ш  пб ^  2.1018 нейтрон/см2. 
При этом для исследуемой пластинки толщиной около 0,5 мм вес образца 
составляет несколько миллиграмм. Концентрация Стц <  Ю-8 г/г может 
быть определена только при достаточно больших интегральных потоках 
быстрых нейтронов ( ~  1019 нейтрон/см2) и при просмотре площадей до 
1 см2.

РЕЗЮМЕ

Расчитана чувствительность нейтронно-активационного определения Sc, Ва, Се и Ей 
в образцах каменных и железных метеоритов по активности соответствующих изотопов 
Sc46, Ва131, Се1 4 1  и Се143, Еи152ти Еи152и Ва140, измеряемой на низкофоновом 4 я-счётчике с 
проточным газом, на торцовом счётчике типа Гейгера—Мюллера и на сцинтилляционном
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-/-спектрометре со 100 канальным анализатором импульсов при различном времени облу
чения. Определены минимальные навески метеоритного вещества при соответствующем со
держании этих элементов в метеоритах, приведены примеры определения Sc, Ва, Се, Ей и!Т 
в темных и светлых разновидностях гиперстеновых хондритов Кунашак и Первомайский 
поселок.

Обсуждена возможность определения U и Th в слюдах, тектитах и железных метео
ритах по трекам осколков деления, индуцируемым реакторными нейтронами.

SU M M A RY

T he sen sitiv ity  o f n e u tro n  ac tiv a tio n  an a ly sis  fo r th e  d e te rm in a tio n  of Sc, B a , Ce and  
E u  in  s to n e  m eteo rites a n d  iro n  m eteo rites has b een  ca lcu la ted . T h e  ana ly sis  is based  on  th e  
m ea su re m e n t of th e  a c t iv i ty  o f th e  iso topes Sc46, B a 131, Ce141, Ce143, E u 152m, E u 152 and  B a 140. 
A c tiv itie s  fo r various tim e s  o f irrad ia tio n  w ere m easu red  w ith  a lo w -b ackground  írr-co u n ter 
u sin g  ca rrie r  gas, w ith  a n  end-w indow  G eiger— M idler c o u n te r , a n d  w ith  a  /-sp e c tro m e te r  
eq u ip p ed  w ith  a 100-channel p u lse  analyzer. T h e  m in im u m  q u a n ti ty  o f th e  m eteo rite  sam ple 
to  be  w eighed in a t  g iven  q u a n ti t ie s  of th e  sa id  e lem en ts w as d e te rm in e d . B y  w ay  of exam ple, 
Sc, B a , Ce, E u  and U a n a ly s is  re su lts  o b ta in ed  on d a rk  and  lig h t v a r ia n ts  o f h y p e rs ten  chon
d rite s , fo u n d  in  th e  v ic in ity  o f  th e  places “ K u n a sa k ”  an d  “ P e rv o m aisk ii P osyolok”  are  p re 
sen ted . T he possib ilities o f  th e  d e te rm in a tio n  o f U a n d  T h  in m ica , te k ti te s  an d  iron  m eteo rites  
on th e  basis o f th e  p a th  o f p ro d u c ts  of n uc lear fission , in d u ced  b y  re a c to r  n eu tro n s , is discussed.
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THE CHEMISTRY OF M IXED LIGAND COMPLEXES, III
T H E  E F F E C T  O F W A T E R  A C T IV IT Y  ON T H E  S T A B IL IT Y  

O F T H E  B IS -D IM E T H Y L G L Y O X IM A T O -D IIO D O -C O B A L T A T E (II)
M IX E D  C O M PL E X

K . B u r g e r , B. P i n t é r , E . P a p p -M o l n á r  and S. N e m e s - K ósa

(D epartm ent o f  Inorganic  and A n a ly tica l C hem istry , L . Eötvös U niversity , B udapest)

R eceived S e p te m b e r  12, 1967

Stud ies of com plex  equilib ria  in  so lu tions have show n th a t  th e  values 
o f th e  equ ilib rium  co n stan ts  are g re a tly  affec ted  by  th e  com position  o f th e  
so lu tio n ; nam ely , b y  th e  solvent, b y  th e  co n cen tra tio n  an d  n a tu re  o f th e  elec
tro ly te , an d  b y  th e  presence of o th e r  com plex-fo rm ing  ligands in  th e  so lu tio n , 
e tc . [1].

Some in v estig a tio n s po in t to  th e  fa c t th a t  in  aqueous so lu tions a change 
in  w a te r  a c tiv ity  a lte rs  th e  values o f  th e  equ ilib rium  c o n s ta n ts , since m e ta l 
ions in  aqueous so lu tio n  are n o rm ally  p re se n t in th e  form  of th e ir  aquo  com 
p lexes. I f  som e com plex  form ing lig a n d  is in tro d u ced  in to  th e  so lu tio n , i t  w ill 
p a r t ly  o r fu lly  rep lace  th e  w ate r m olecu les in  th e  aquo com plex , p ro d u c in g  
m ixed  o r reg u la r com plexes [2]. W h e n  solid  com plexes are d isso lved  in  w a te r, 
a c o o rd in a tio n  of th e  w a te r m olecules on  an y  unoccupied  c o o rd in a tio n  sites 
o f  th e  m e ta l m ay  also occur.

T he s ign ifican t so lub ility  of th e  co b a lt(II)-d im eth y lg ly o x im e  com plex  in 
w a te r  is also based  on th e  fo rm ation  o f  a  m ixed  aquo com plex. T he p a re n t  com 
p lex , w hich  in th e  solid  s ta te  has sq u a re  p la n a r  sy m m etry , in  aqueous so lu tions 
b in d s tw o  w a te r m olecules in the  d ire c tio n  o f th e  z axis. In  an  a lk a lin e  so lu 
tio n  a h y d roxo  m ixed  com plex of th e  com position  M e(dm g)2(O H )2 ~ an d  of 
d is to r te d  o c tah ed ra l sy m m etry  is fo rm e d  from  th e  aquo com plex , a f te r  th e  
d issoc ia tion  of tw o p ro to n s  [3]. In  o u r  ea rlie r com m unication  we re p o rte d  
on th e  p re p a ra tio n  o f  m ixed com plexes, w hose com position  is analogous to  
th a t  o f  th e  hydroxo  an d  aquo m ixed d im eth y lg ly o x im e  com plexes, a n d  w hich 
b in d  h a lid e  an d  pseudohalide  ions in  th e  d irec tio n  of th e  z axis [4].

A n in v es tig a tio n  of the  m ixed co m p lex  o f co b a lt(II)-d im eth y lg ly o x im e  
fo rm ed  w ith  chloride an d  brom ide has sh o w n  [5] th a t  th e  s ta b ility  of th e  m ixed  
com plex  is in fluenced  n o t only b y  th e  n a tu re  of th e  halide ion, b u t  also 
b y  th e  n a tu re  of th e  a lka li ca tion  in tro d u c e d  in to  th e  so lu tio n  to g e th e r  
w ith  th e  halide  an ion . T he s tab ility  c o n s ta n ts , d e te rm in ed  in  th e  presence 
o f v a rio u s  a lkali ions, show  a decreasin g  ten d e n c y  in th e  d irec tio n  L i+ —*• 
— B b  + . A ccord ing  to  o u r calcu la tions th e  w a te r  a c tiv ity  in c o n c e n tra te d  
sa lt so lu tio n s  increases in  th e  sam e d irec tio n , since due to  th e  d iffe r
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ence in  th e  h y d ra tio n  o f  th e  v a rio u s a lk a li c a tio n s , th e ir  sa lts  w ill 
reduce  th e  w a te r a c t iv i ty  o f th e  so lu tio n  to  d iffe ren t degrees. C alcu lation  
of th e  w a te r  a c tiv ity  b y  th e  R o b in s o n  — S t o k e s  fo rm u la  [9] in d ica tes  
th e  h ig h est w ate r a c tiv ity -re d u c in g  effect o f  th e  lith iu m  ion , an d  th e  low est 
such  e ffec t of ru b id iu m . B ecause o f th e  low  s ta b il i ty  o f th e  chloride an d  b ro 
m ide m ix ed  com plexes, th e se  in v es tig a tio n s  h a d  to  be  ca rried  o u t in  3 — 6 M  
a lka li s a lt  so lu tions. T h e  fo rm a tio n  o f th e  co rresp o n d in g  iodide m ixed  com plexes 
proceeds in  0.5 M  so lu tio n s . In  th e  la t te r  case no ca tio n  dependence o f th e  
s ta b ili ty  co n stan ts  w as fo u n d . W e in te rp re t  th is  fa c t b y  assum ing  th a t  in  th e  
ex p erim en ts  w ith  c o n c e n tra te d  sa lt so lu tio n s, changes in  th e  s ta b ility  o f  th e  
com plexes m igh t be d u e  to  th e  d iffe ren t degree to  w hich  th e  various a lk a li 
ions (w ith  d ifferen t h y d ra tio n )  a ffec t w a te r  a c tiv ity . In  th e  case o f iod ide 
com plexes th is  effect is lack ing  because o f th e  low  co n cen tra tio n s  of th e  so lu 
tions.

A n  u n equ ivoca l in te rp re ta tio n  o f th e  p h en o m en o n  is d ifficu lt, since 
ow ing to  th e  low s ta b il i ty  of th e  ch loride an d  b ro m id e  m ixed  com plexes th e y  
will be  q u a n tita tiv e ly  fo rm ed  on ly  a t  v e ry  h ig h  h a lid e  ion co n cen tra tio n s  
(in co n c e n tra ted  s a lt  so lu tion ). T h u s ions n o t p a r tic ip a tin g  d irec tly  in  th e  
eq u ilib riu m  reac tio n  c a n n o t be used  fo r th e  a d ju s tm e n t o f th e  w a te r a c tiv ity . 
C hanges in  th e  ha lide  c o n c e n tra tio n  d u rin g  eq u ilib riu m  m easu rem en t are th e re 
fore accom pan ied  b y  a s lig h t change in  w a te r  a c tiv ity . To e lim ina te  th is  possib le  
source o f  erro r, th e  com plex  w ith  th e  com position  C o(dm g)2HI^", w hich is co n 
s id e rab ly  m ore s tab le  th a n  th e  ch loride an d  b ro m id e  m ixed  ligand  com plexes, 
w as chosen  as a m odel o f  th e  p re se n t ex p e rim e n ts . T h is com plex  is q u a n t i 
ta t iv e ly  form ed in  0.5 M  iodide so lu tio n ; th u s  th e  w a te r  a c tiv ity  can be k e p t  
c o n s ta n t w ith in  one series of m easu rem en ts  b y  m eans o f  a co n cen tra ted  so lu 
tio n  o f  sa lts  whose ions do n o t p a r tic ip a te  in  th e  eq u ilib riu m  reac tio n . In  d if
fe ren t series of m easu rem en ts , th e  w a te r  a c tiv ity  o f  th e  so lu tion  can be a lte red  
b y  a lte r in g  th e  c o n c e n tra tio n  o f th is  sa lt. I n  th is  w ay  i t  can  be d e te rm in ed  
w h e th e r  th e  ca tio n  e ffec t is p rim a rily  due to  ch an g ed  w a te r  a c tiv ity , o r e lec
tro s ta t ic  forces o r som e o th e r  effects also p la y  an  im p o r ta n t role in  it. O w ing 
to  th e  h igher s ta b il i ty  o f  th is  com plex , th e  eq u ilib riu m  co n stan ts  can  also 
be d e te rm in ed  w ith  a h ig h er accu racy .

Experim ental

T he equ ilib rium  co n stan ts  o f th e  eq u ilib ria  lead in g  to  th e  fo rm a tio n  o f  
th e  m ixed  com plexes

Co(drng)2H  +  I “  ^

C o(dm g),H I +  I~
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were d e te rm in ed  sp ec tro p h o to m e trica lly  in  th e  presence  of

1 - 6  M  L iN 0 3 

1 - 5  M  N a N 0 3

1 - 6  M  NaClO j

T he iodide ion  a c tiv ity  in  th e  c o n c e n tra te d  sa lt so lu tions was ca lcu la ted  from  
th e  know n iod ide  ion  co n cen tra tio n , w ith  th e  help  o f  th e  average  a c tiv i ty  
coefficients o f  R o b in s o n  an d  S t o k e s  [9]. The Co2 + co n cen tra tio n  w as 
10 _4 —г 5 • 1 0 ~ 5 M ,  th e  d im eth y lg ly o x im e co n c e n tra tio n  5 • 1 0 ~4 M  (w hich  
a t  th e  p H  v a lu e  o f  6.5 of th e  ex p e rim en ts  ensured  th e  q u a n tita tiv e  fo rm a tio n  
o f th e  com plex). T he iodide ion  co n c e n tra tio n  was v a rie d  betw een  1 0 “ 4 a n d  
7 • 10 ~4 M .  T h e  lig h t abso rp tio n  o f  th e  so lu tions w as m easu red  a t  28,200 c m -1 , 
th e  w ave le n g th  ch a rac te ris tic  o f th e  m ixed  ligand  com plex . The c o n c e n tra tio n  
o f  th e  la t te r  in  th e  solu tion  w as ca lcu la ted  from  th e  ex p e rim en ta lly  d e te r 
m ined  e x tin c tio n  values. The B je rru m  fo rm atio n  curves [6], a  — lg  [ J _ ], 
p lo tte d  from  th e  exp erim en ta l d a ta  w ere e v a lu a ted  b y  th e  g rap h ic  (cu rv e  
fittin g ) m e th o d  o f D y r s s e n  a n d  S i l l é n  [7, 8] (F igs 1 — 3). The m easu red  
po in ts  w ere f i t te d  to  th e  no rm alized  se t o f curves,

У
1 +  P v +  f 2

w here v =  KyK.,  [7 ] and p  —
Ky
Ко

a n d  th e  s ta b ility  c o n s ta n ts  were c a lc u la ted

from  th e  d a ta  o f  th e  b est f ittin g  cu rve . T he values o f th e  s ta b ility  c o n s ta n ts  are 
sum m ed up  in  T ab les I  —IV.

F o r th e  sp ec tro p h o to m e tric  m easu rem en ts  a U N IC A M  SP 700 reco rd in g  
sp e c tro p h o to m e te r  was used. T he p H  w as a d ju s ted  w ith  th e  help o f a R a d i
o m ete r P H M  4 p H -m e te r. All re a g e n ts  used  were o f a n a ly tic a l g rade.

P a ra lle l to  th e  in v estig a tio n  o f  d im ethy lg lyox im e, th e  analogous 1,2- 
cyclohexaned ioned iox im e (N ioxim e) com plex  was also stu d ied . T he p a re n t  
com plex  o f co b a lt(II)-n io x im e  is s im ila r in s tru c tu re  an d  p roperties to  t h a t  
o f  d im eth y lg ly o x im e, i t  seem ed th e re fo re  obvious t h a t  th e  f irs t w ou ld  also 
fo rm  a stab le  m ixed  com plex w ith  th e  iodide ion. P re lim in a ry  ex p e rim en ts  
p ro v ed  fu lly  t h a t  w ith  respect to  com position  an d  s tru c tu re  th e  n iox im e 
com plex  w as th e  p e rfec t analogue o f  th e  d im ethy lg lyox im e m ixed  com plex . 
In  these  ex p e rim en ts  th e  c o n c e n tra tio n  o f Co2+ w as 1 0 -4 M  an d  t h a t  o f  
n iox im e 4 • 10~4 M .  The pH  of th e  so lu tio n  was a d ju s te d  to  6.5. T he in v e s t i
g a tions of th is  com plex  were ca rried  o u t in  1 — 6 M  N aC104 solutions.
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F ig . 1. T h e  B jerru m  fo rm a tio n  curves o f th e  bis-di m et h y lg lyox im a! o -d iiodo-robalt a te (1 1У 
m ix e d  com plex  in 1 to  6 M  sodium  p e rch lo ra te  so lu tio n s . (The lines are  th e  norm alized  

cu rv es  w hich best f i t  th e  ex p e rim e n ta l p o in ts)

Table I

S ta b ility  constants o f  the b is-d im ethylg lyoxim ato-d iiodo-cobalta te(II) m ixed complex in  sodium  
perchlorate solutions and the water ac tiv ities o f  the solutions

NaC104
concentration

M ,
lg IgK, 4 ß —lg “

i 1.38 1.98 3.36 ±  0.1 0.0148
2 1.54 2.14 3.68 ±  0.1 0.0317
3 1.80 2.40 4.20 ± 0.1 0.0484
4 2.40 2.40 4.80 ± 0.1 0.071
5 3.04 2.44 5.48 ± 0.1 0.095
6 3.86 2.46 6.32 ± 0.1 0.117

T he lo g arith m s o f th e  s ta b ility  c o n s ta n ts  were p lo tte d  ag a in st th e  lo g a
r i th m  o f w a te r a c t iv i ty  for b o th  com plexes (Figs 4 — 5). T he w a te r a c tiv ity  
(a) w as ca lcu la ted  acco rd in g  to  R o b i n s o n  a n d  St o k e s  [9]:

In a  =
Ф

lg a
2 т Ф  

128
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F ig . 2. The B jerru m  fo rm atio n  curves o f b is-d im e th y lg ly o x im a to -d iio d o -co b a lta te (II)  m ixed 
co m plex  in 1 to  5 M  so d iu m  n itra te  so lu tio n s . (The lines are th e  n o rm alized  cu rves w hich  best

f i t  th e  e x p e rim e n ta l poin ts)

F ig . 3. T he B jerru m  fo rm a tio n  curves o f th e  b is -d im e th y lg ly o x im a t o -d iio d o -co b alta te (IT  
m ix ed  com plex in 1 to  6 M  l ith iu m  n i tra te  so lu tio n s . (The lines a re  th e  n o rm alized  curves 

w hich  b es t f i t  th e  ex p e rim e n ta l poin ts)
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Table I I

Stab ility  constants o f  the b is-d im ethylg lyoxim ato-d iido-cobalta te(II)  
m ixed complex in  sodium  nitra te solutions and  the water activities of

the solutions

N a N 0 3
c o n c en tra tio n ,

M ,
l g * \ i g * : , lg  ß, — l g «

l 1 . 5 6 2 . 1 6 3 . 7 2  ±  0 .1 0 . 0 1 9 7

2 1 .6 2 2 . 2 2 3 . 8 4  ±  0 .1 0 . 0 2 7

3 2 . 2 0 2 . 2 0 4 . 4 0  ±  0 .1 0 . 0 4 0 6

4 2 . 6 0 2 . 0 0 4 . 6 0  ±  0 .1 0 . 0 5 4 0

5 3 . 2 0 1 . 8 0 5 . 0 0  ±  0 .1 0 . 0 6 6 5

Table III

S ta b ility  constants o f  the b is-d im ethylg lyoxim atod iiodo-  
cobalta te(II)  m ixed  com plex in  lith ium  nitra te solutions and  the 

water activities o f  the solutions

UNO, _ 
concentration 

M, IgK. I g K , ig ft —lg«

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

2 2 . 0 4 2 . 0 4 4 . 0 8  ±  0 .1 0 . 0 3 4 7

3 2 . 5 0 1 .9 0 4 . 4 0  ±  0 . 0 5 0 . 0 5 6 1

4 3 . 2 4 1 .8 4 5 . 0 8  ±  0 . 0 4 0 . 0 8 1 5

5 3 . 4 6 2 . 0 6 5 . 5 2  ±  0 . 0 5 0 . 1 0 6

6 4 . 0 4 2 . 0 4 6 . 0 8  ±  0 . 0 5 0 . 1 4 0

Table IV

S ta b ility  constants o f  the b is-n ioxim e-d iiodo-cobalta te(II)  m ixed  
complex in  sodium  perchlorate solutions and  the water activities  

o f  the solutions

NaC104
concentration

M ,
lg *1 lg ig/S. —ig«

l 2 . 6 6 2 . 0 6 4 . 7 2  ±  0 .1 0 . 0 1 4 8

2 2 . 8 0 2 .2 0 5 . 0 0  ±  0 . 0 5 0 . 0 3 1 7

3 2 . 9 2 2 .3 2 5 . 2 4  ±  0 . 0 5 0 . 0 4 8 4

4 3 . 0 7 2 .4 7 5 . 5 4  ±  0 .1 0 . 0 7 1

5 3 . 5 2 2 .1 2 5 . 6 4  ±  0 .1 0 . 0 9 5

6 4 . 0 0 2 .0 0 6 . 0 0  ±  0 . 0 5 0 . 1 1 7
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w here
te =  m o lecu la r w eight o f  w a te r  
v =  charge  num ber 
m  =  R a o u lt co n cen tra tio n  
Ф =  o sm otic  coefficient.

R esu lts  an d  discussion

Fig. 4 show s q u ite  c learly  t h a t  th e  s ta b ility  of th e  m ix ed  ligand  com plex  
is p ro p o rtio n a l to  th e  w ate r a c t iv i ty , in d ep en d en tly  o f  th e  sa lt used  fo r  th e  
a d ju s tm e n t of w a te r  ac tiv ity .

-toga
Fig. 4. L ogarithm  of th e  s ta b ility  c o n s ta n ts  o f d im ethy lg lyox im e m ix ed  com plex p lo tte d  

vs. th e  lo g arith m  o f th e  w a te r  a c tiv itie s  of so lu tio n s

Changes in  w a te r  a c tiv ity  m a y  a ffec t th e  stab ilities  o f  m ixed  ligand  com 
plexes in  d ifferent w ay s. In  th e  m ix ed  com plex  th e  iodide ions are  co o rd in a ted  
in  th e  d irection  o f  th e  z axis, th u s  su b s ti tu t in g  w a te r m olecules of th e  aquo  
m ix ed  com plexes; co n sequen tly , th e  s ta b il i ty  o f th e  iod ide m ix ed  ligand  co m 
p lex  depends on th e  s ta b ility  o f th e  aquo  m ixed  com plex. A t low  w ate r a c t iv 
ities th e  co o rd ina ted  w a te r  m olecules are  m ore read ily  ex ch an g ed  b y  iod ide; th is  
is th e  p rim ary  cause o f  th e  h igher s ta b i l i ty  o f  th e  iodide m ix ed  com plex. A t th e  
sam e tim e , decreased  w a te r  a c tiv ity  in v o lv es  th e  decrease o f  th e  h y d ra tio n  o f th e  
iod ide ion , w hich fa c ilita te s  th e  co o rd in a tio n  o f  th e  iodide, ra is in g  th e  s ta b ility  o f 
th e  m ix ed  com plex. F in a lly  a d ifference b e tw een  the  h y d ra tio n  o f th e  m ixed
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com plex  an d  th a t  o f th e  p a re n t  com plex m ig h t also be assu m ed . The consid 
e rab le  slope of th e  cu rv e  reflec ts  th e  m an ifo ld  effects o f  th e  changes in  
w a te r  a c tiv ity .

C om parison o f th e  successive s ta b ili ty  co n stan ts  d e te rm in e d  in so lu tions 
o f  d iffe ren t sa lt co n c e n tra tio n s  in d ica tes  an  increase in  th e  K x : K 2 ra tio  w ith  
in c reas in g  sa lt c o n c e n tra tio n . This effect m ig h t be ex p la in ed  b y  a h in d erin g

Fig. 5. L o g arith m  o f th e  s ta b il i ty  c o n stan ts  o f nioxim e m ix ed  com plex p lo tte d  vs. 
th e  lo g a rith m  of th e  w a te r  a c tiv itie s  o f so lu tio n s

o f th e  second iod ide ion to  e n te r  th e  com plex  as th e  an io n  co n cen tra tio n  is 
increased .

In v e s tig a tio n  o f th e  n iox im e m ixed  ligand  com plex  led to  analogous 
conclusions, th o u g h  th e  s tra ig h t  line in  F ig . 5 has a sm aller slope. C onsequently , 
changes in  w a te r a c t iv i ty  h av e  less effect on  th e  s ta b ili ty  o f  th is  th a n  on  th e  
co rrespond ing  d im eth y lg ly o x im e com plex . A p p a ren tly , th e  tw o six-m em bered  
rin g s o f n ioxim e p e rm it on ly  a low er h y d ra tio n  degree of the  com plex .

F ro m  th is , b u t  m a in ly  from  th e  fa c t th a t  p lo ttin g  th e  s ta b ility  c o n s ta n ts  
in  v a rio u s sa lt so lu tio n s ag a in s t th e  w a te r  ac tiv ities o f  th e  solutions re su lts  
in  p ra c tic a lly  a single s tra ig h t line, we h av e  d raw n th e  conclusion th a t  th e  
“ s a l t  e ffec t”  (called  “ ca tio n  effect”  in  o u r previous p a p e r)  has its o rig in  p r i
m a rily  in  th e  change in  w a te r  a c tiv ity , a n d  th e  e le c tro s ta tic  effect of th e  ions 
a n d  o th e r fac to rs  are o n ly  o f secondary  im p o rtan ce .
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SUM M ARY

T h e  s ta b ility  c o n s tan ts  o f th e  b is-d im e th y lg ly o x im a to -d iio d o -co b a lta te (II)  com plex  
w ere d e te rm in ed  in sod ium  p e rch lo ra te , sod ium  n itra te  a n d  lith iu m  n i tr a te  so lu tio n s o f v a rio u s  
c o n ce n tra tio n s  and  th e  w a te r  a c tiv itie s  o f  th ese  so lu tions w ere ca lcu la ted . T h e  re su lts  in d ic a te  
a n  in creased  s ta b ili ty  o f th e  m ixed  co m plex  w ith  decreasing  w a te r  a c tiv ity . T h e  n a tu re  o f  th e  
sa lt  u se d  fo r th e  a d ju s tm e n t o f a given w a te r  a c tiv ity  has no in fluence on  th e  re su lts .
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ON THE PARAMETER FORM OF FORCE CONSTANT
MATRIX, V IP

T H E  C LO SEST A S SIG N M E N T  F O R C E  C O N STA N T M A T R IX  

P .  PULAY

(D epartm ent o f  General and Inorganic Chemistry, L . Eötvös U niversity , B udapest, and Research  
Group fo r  Inorganic  Chemistry o f  the H ungarian  A cadem y o f  Sciences, B udapest)

R eceived  N ovem ber 2, 1967

In  th e  second  p a r t  of th is  series [1] th e  m a tr ix

F 0 =  G~ll2AG~112 (1 )

was defined  as a force c o n s ta n t m a tr ix  w hich  rep ro d u ces th e  norm al f re q u e n 
cies Vi an d  gives th e  closest assig n m en t be tw een  th e  in te rn a l coo rd inates an d  
th e  n o rm al co o rd in a tes . In  E q . (1) G is th e  w ell-know n v ib ra tio n a l k in e tic  
energy  m a tr ix  in  m o m en tu m  rep re se n ta tio n  [2 ], an d  Л  is a d iagonal m a tr ix  
w ith  elem ents Д,- =  4 n2 vf. T he assignm en t be tw een  in te rn a l and  n o rm al co o r
d in a tes  is defined  b y  th e  o rd er o f in te rn a l co o rd ina tes in  G and  by  th e  o rd e r  
o f th e  d iagonal e lem en ts in Л. In d e p e n d e n tly , th e  sam e m a tr ix  was p ro p o sed  
b y  H e r r a n z  [3, 4 ] .

N eith e r in  o u r w ork n o r in  th a t  o f H e r r a n z  w as g iven , how ever, a s a t is 
fa c to ry  p ro o f o f  th e  fac t th a t  E q . (1) rea lly  gives th e  closest co rrespondence 
betw een  th e  in te rn a l coord inates an d  th e  n o rm al ones, assigned to  th e m , 
because no m easu re  o f  th e  closeness of assig n m en t w as defined . O ur t r e a tm e n t  
rem ained  h eu ris tic . H e r r a n z  p ro v ed  th a t  th e  L 0 m a tr ix  (i.e. the  tra n s fo rm a 
tio n  m a trix  from  n o rm a l coo rd inates to  in te rn a l ones), o b ta in e d  w ith  th e  force 
c o n s tan t m a tr ix  (1 ) has th e  m ax im u m  tra c e , an d  th a t  th e  sum  of th e  sq u a re d  
e lem ents o f L  is an  in v a ria n t q u a n ti ty  fo r an y  F.  F ro m  these  he co n c lu d ed  
th a t  L 0 is th e  m o st d iagonal o f all L  m atrices, an d  th e re fo re  F n gives th e  c lo sest 
assignm ent. T h is p ro o f is, how ever, u n sa tis fa c to ry  from  tw o poin ts o f v iew : 
tr(L) is th e  sum  o f th e  d iagonal e lem ents, w hile th e  in v a r ia n t  q u a n tity  is th e  
sum  of th e  sq u a re d  e lem ents; th e  choice o f L  as th e  m easu re  o f assignm en t is 
a rb itra ry , L _ 1  sh o u ld  have eq u a l rig h ts , as i t  was d iscussed  in  [1 ].

In  th e  fo llow ing a reasonab le  m easure o f th e  closeness of a ss ig n m en t 
will be defined  a n d  i t  will be show n rigorously  th a t  in  th is  sense F 0 g ives th e  
closest ass ig n m en t. F irs t define a m etric  in  th e  lin ea r space of generalized

* P a r t  V I: A c ta  Chim. A cad. Sei. H ung . 57, 141 (1968)
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c o o rd in a te s , describing th e  con figu ra tion  o f  th e  m olecule. L e t th e  sca la r p ro d 
u c t o f  tw o  coord inates q, a n d  qj be

(?/’ qj) —

i.e. th e  co rresponding  G m a tr ix  e lem ent. T h is  m etric  satisfies all th e  req u ire 
m e n ts  o f  th e  scalar p ro d u c t in  a real E u c lid e a n  space: it  is sy m m etric , linear 
an d  p o s itiv e  definite.

I n  n o rm al co o rd in a tes , Qit th e  k in e tic  en e rg y  m a trix  G is th e  u n it  m a tr ix , 
i.e. th e  no rm al coord inates fo rm  an o r th o n o rm a l set in th e  sense o f th e  m etric  
d e fin ed  above.

O u r problem  is now  to  o rth o n o rm alize  th e  set o f in te rn a l coo rd inates 
q =  (qx, q2, . . . q„), b y  m ean s o f  a linear tra n s fo rm a tio n  L - 1  to  give th e  no rm al 
co o rd in a te s  Q =  (Q^ Q2, . . . Qn) > Q =  L ~ xq, in  such a m an n e r th a t  th e  d if
fe ren ces betw een  <7, u n d  Qj (i =  1 , 2 , . . . n) shou ld  be m in im al.

T hese  req u irem en ts  can  be fo rm u la te d  as (Qi, Qj=&ij) (o rth o n o rm ality ) 
a n d  27 | Qi — qi j  =  m in im u m  (assignm en t).

i

T h is  is th e  p rob lem  o f  sym m etric  o rth o g o n a liza tio n , w hich  w as solved 
b y  Ca r l s o n  and  K e l l e r  [5],  and  L ö w d i n  [6]. T hey h av e  show n th a t  th e  
tra n s fo rm a tio n  m a tr ix  L ~ l is th e  —l /2 th  pow er of G r a m ’s m a tr ix  o f th e  
e le m e n ts  q,, w hich is in  o u r  case the  G m a tr ix :

U sin g  th e  id e n tity  

we o b ta in

Q =  G~112 q 

L =  G112.

F  =  L _1 Л  L  \

F 0 =  G~112 A G ~ 112.

So i t  is p roved  th a t  F 0 gives the  c losest assignm ent b e tw een  in te rn a l and  
n o rm a l coord inates.

W e discussed [1] th e  dependence o f  F 0 upon  scale fac to rs  b y  w hich  th e  
in te rn a l  coord inates are  m u ltip lied . T h is dependence can  be easily  u n d ersto o d  
fro m  F ig . 1, where th e  tw o-d im ensiona l case is show n g rap h ica lly . H ere th e  
c o o rd in a te s  are re p re se n te d  b y  v ec to rs  o f  a p lane. B ecause o f th e  hom o
m o rp h ism  of all tw o -d im ensiona l E u c lid e a n  spaces, th is  fig u re  is an  ex ac t 
re p re se n ta tio n  of th e  2 b y  2 v ib ra tio n a l problem . In  F ig . 1 th re e  d ifferen t 
n o rm aliza tio n s  have b een  chosen:

a) Ы  =  1,
b) 1 ,

c) I <h I =  1 ,
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I t  can  be seen t h a t  th e  o rth o n o rm a lized  v ec to rs , co rresp o n d in g  to  th e  n o rm a l 
co o rd ina tes a n d  Q., show a l i t t le  d ependence  upon  th e  n o rm s  of th e  in te rn a l 
co o rd ina tes qx an d  q2, and  so we m u s t  se lect one of th em . W e suggest t h a t  th e  
“ b e s t assignm en t”  shou ld  co rresp o n d  to  th e  case w here a ll th e  vecto rs w hich  
are  to  be o rth o n o rm alized  are n o rm a lized  to  u n ity  p rio r to  o r th o n o rm a liz a tio n . 
T h is is th e  case o f  F ig . la .

In  th e  v ib ra tio n a l p rob lem  th is  co rresponds to  sca ling  all th e  in te rn a l 
co o rd ina tes so t h a t  G,,- =  1, c o m p u tin g  F 0 an d  th e n  tra n s fo rm in g  b ack  to

Fig. 1. Sca ling  effect upo n  th e  sy m m etric  o rth o g o n a liza tio n  o f vecto rs

th e  o rig inal coo rd in a tes . This sca lin g  w as suggested  in  [1], ag a in  on th e  basis 
o f a h eu ristic  tre a tm e n t.

I t  is hoped t h a t  th e  p o sitio n  o f  an  a c tu a l F  m a tr ix  in  th e  p a ra m e te r  
space (see [7]), re la tiv e  to  th e  “ b e s t  a ss ig n m en t”  defined  in  th is  p ap e r a n d  
in  [1], w ill be th e  b e s t m easure o f  th e  assig n m en t, b e t te r  th a n  th e  L  m a tr ix  
or th e  p o te n tia l en e rg y  d is tr ib u tio n . B o th  o f these  la t te r  c r ite r ia  are som ew hat 
a rb i t r a ry .  M ethods fo r th e  d e te rm in a tio n  o f  th e  positio n  o f  a given force 
c o n s ta n t m a trix  in  th e  p a ra m e te r  space an d  a th o ro u g h  d iscussion o f th e  
d is tr ib u tio n  of th e  v a rious a ssig n m en ts  w ere g iven in  [8].

W hen co m p u tin g  general v a len ce  force fields from  a d d itio n a l d a ta , d iffi
cu lties o ften  arise fro m  convergence to  an  in co rrec t a ss ig n m en t [9]. W ith  th e  
p a ra m e te r  rep re se n ta tio n  m ethod  su ch  ca lcu la tio n s can be c a rr ie d  o u t w ith o u t 
th e  d an g e r of g e ttin g  in  th e  p itho le  o f  a w rong assignm ent, since th e  assignm en t 
can  alw ays be easily  de te rm ined  a n d  con tro lled .

SU M M A R Y

A  reasonab le  m easu re  o f  th e  closeness o f  th e  a ssig n a tio n  betw een  th e  in te rn a l  and  n o rm al 
c o o rd in a te s  o f a v ib ra tin g  m olecule has b een  defined . I t  has  been  show n t h a t  th e  force c o n s ta n t 
m a tr ix  F 0 =  G ' 1I2A G 112 corresponds to  th e  c lo ses t assig n m en t. The effect o f scaling  th e  in te rn a l 
c o o rd in a te s  b y  num erica l fa c to rs  is d iscussed  a n d  a u n iq u e  n o rm aliza tio n  is su g g ested , w here  th e  
d iag o n a l e lem ents o f th e  G k in e tic  energy  m a t r ix  a re  eq u al to  1. T he p lace  o f a n  a c tu a l force 
c o n s ta n t m a tr ix  in th e  p a ra m e te r  space is su g g ested  as a  rigorous m easu re  o f th e  a ssig n a tio n .
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UNTERSUCHUNG DER CHEMISCHEN VORGÄNGE 
REI DER KALKBEHANDLUNG DES ROTSCHLAMMES

I . N á r a y - S z a b ó , I. M a g y a r o s y , T. K o t s i s  und  I . F e h é r

( Zen tra lforschungsinstitu t f ü r  Chemie der Ung. A kadem ie  der W issenschaften, B u dapest u n d  
Forschungsinstitu t f ü r  N E -M eta lle  B udapest)

E ingegangen  a m  15. J a n u a r  1968

In  U n g a rn  fallen  jäh rlich  e tw a  600 000 t  R o tsch lam m  beim  B a u x it
au fsch luß  n ach  B a y e r  als N e b e n p ro d u k t an . Dieses A b fa llp ro d u k t h a t  sich 
se it J a h rz e h n te n  a u f  H alden  zu v ie len  M illionen T o nnen  v e rm e h rt u n d  seine 
s te tig  w achsende M enge is t schon w egen des P la tz a n sp ru c h s  sehr u n an g en eh m . 
E s e n th ä lt  ab e r w ertvo lle  B estan d te ile , d ah e r w u rd en  viele V ersuche zu seiner 
V erw ertu n g  u n te rn o m m en .

D er R o tsch lam m  b esteh t h au p tsä c h lic h  aus Fe20 3, A120 3, S i0 2 u n d  T i0 2, 
w e ite rh in  aus chem isch  gebundenem  u n d  freiem  W asser. Seine m inera lische  
Z u sam m en se tzu n g  is t n u r a n n äh e rn d  b e k a n n t;  m an  f in d e t d a rin  in  e rs te r  
L inie H ä m a tit ,  fe rn e r verschiedene N a triu m a lu m in iu m silik a te , u n au fg esch lo s
sene A lum in iu m h y d ro x id e  bzw. O x id -H y d ro x id e  u n d  viel am o rp h en  S toff. 
H ä m a ti t  is t schon im  B au x it v o rh an d en  u n d  beim  A ufschluß  b le ib t e r u n v e r 
ä n d e rt zu rü ck , ebenso der etw a v o rh an d en e  G o e th it, F eO O H  u n d  d e r L epido- 
k ro k it derse lben  Z usam m ensetzung . D er im  B a u x it o ft v o rkom m ende  K ao lin it 
lie fert beim  a lka lischen  A ufschluß N a triu m a lu m in iu m silik a te , w odurch  N a tro n 
lauge u n d  T onerde  gleichzeitig  v erlo ren  gehen.

M a g y a r o s y  u n d  Sk u t e c z k y  [1] verm engen  zu r N u tz b a rm a c h u n g  des 
R o tsch lam m es denselben  m it K alkm ilch  u n d  E isen erzp u lv er u n d  p ressen  d a rau s  
d a n n  bei gew öhnlicher T em p era tu r P e lle ts . D ie e rh a lten en  P elle ts  m it e tw a  
55%  F e20 3 h ab en  eine auffallend große D ru ck festig k e it, die 200 k p .c m ^ 2' 
e rre ichen  k a n n , u n d  vom  G esich tsp u n k te  d er V e rh ü ttu n g  ä u ß e rs t g ü n stig  is t . 
Ih re  H ers te llu n g sk o sten  sind gering, im  H ochofen  k ö nnen  sie m it v o lls tän d ig e r 
A u sn ü tzu n g  des E isengehaltes v o r te ilh a f t v e rh ü t te t  w erden  u n d  sie e rle ich te rn  
die V erw endung  des in  großen M engen zu r V erfügung  steh en d en  s tau b fö rm ig en  
E isenerzes.

D as Ziel u n se re r  U n te rsu ch u n g en  w ar die K lä ru n g  der beim  obigen  
V erfah ren  zustan d ek o m m en d en  großen  F es tig k e it.
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D esilikation beim Bayer-Verfahren

D a B au x it im m er m ehr oder w en iger S ilic ium dioxid  e n th ä lt ,  die 
T onerde  dagegen m ö g lich st silicium frei sein m u ß , k a n n  n u r  ein solches V er
fah ren  g roß techn isch  v e rw irk lich t w erden , bei dem  das im  B a u x it v o rh an d en e  
S i0 2 n ic h t in  die T o n e rd e  gelangt. B eim  p y ro g en en  V erfah ren  is t das n ich t 
g esichert, daher w ird  h e u te  nahezu  au ssch ließ lich  das BAYERsche V erfah ren  ange
w a n d t. Bei diesem  geh en  bei der B eh an d lu n g  m it k o n z e n tr ie r te r  N atro n lau g e  
A 1(0H )3 bzw . A 1 0 0 H  (B ö h m it) als N a tr iu m a lu m in a t in  L ösung. E s w ird  auch  
S ilic ium dioxid  gelöst, doch  w erden die u rsp rü n g lic h  en ts teh en d en  N a tr iu m 
silik a te  d u rch  die N a triu m a lu m in a tlö su n g  als versch iedene feste N a tr iu m 
alu m in iu m silik a te  au sg e fä llt u n d  gelangen  in  den  un löslichen  S chlam m . D ieser 
V organg  sichert den  p ra k tisc h  g enügend  n ied rig en  S i0 2-G ehalt des aus der 
BAYER-Lauge a u sg e rü h rte n  A lu m in iu m h y d ro x id s , doch m it einem  V erlust 
von  N a tro n lau g e  u n d  T o nerde , die in  den  B o tsch lam m  gelangen.

N a tü rlich  is t  die In d u s tr ie  b e s tre b t, d iesen  V erlu st zu  v e rrin g e rn ; d er 
B a u x it m it n ied rigem  S i0 2-G ehalt is t d a h e r  v ie l w ertvo lle r. D a ab e r ein V erlu st 
w egen dem  S i0 2-G e h a lt keinesw egs v e rm e id b a r  is t, w äre ein V erfah ren , das 
d u rch  N u tz b a rm a c h u n g  des R o tsch lam m es e inen  zusä tz lichen  G ew inn e rz ie lt, 
seh r erw ünsch t.

F rü h e r  h a t m an  im  R o tsch lam m  versch ied en e  N a triu m a lu m in iu m silik a t-  
P h asen  angenom m en, so z. B. N a tro lit  usw ., ab e r schon 1946 h ab en  F l i n t  
u. M ita rb e ite r [2] g eze ig t, daß  m an  es h ie r m it V erb indungen  der Sodalit- 
F am ilie  zu tu n  h a t .  D ie V orgänge des B au x itau fsch lu sses  h ab en  zah lreiche 
F o rsch er u n te rsu c h t, so G i n s b e r g  u . W e f e r s  [3], S e i m i y a  [4], B r e u e r , 
B a r s o t t i  u . K e l l y  [5 ],  die u n g arisch en  A u to ren  L á n y i  [6], M á t y á s i  u . 

O r b á n  [7], D u n a y  [8, 9], P a p p , M a g y a r o s y  u . H é j j á  [10], Ü v e g e s  [11], 
N e m e c z , S o l y m á r  u . E l e k  [12]. O hne die E rgebn isse  d ieser A u to ren  e in 
gehend  zu d isk u tie ren , stellen  w ir zu sam m en fassen d  n u r  soviel fest, daß  bei 
n ied rig ere r T e m p e ra tu r , d. h . u n te r  100 °C sog. LiNDEscher Z eolit u n d  B a r r e r - 
sche Zeolite A u n d  X  e n ts te h e n ; le tz te re  sind  ab e r n ich t s tab il u n d  w andeln  
sich zu H y d ro x y so d a lith  um . A uß erd em  e rsch e in t auch  der c a rb o n a th a ltig e  
C ancrin it, w enn C arb o n a tio n en  zugegen sin d . In  A nw esenheit an d e re r A nionen 
e n ts te h t  N osean (S 0 4-haltig ) usw. D as h ab e n  au ch  S e i m i y a , w eite rh in  B r e u e r  
u n d  seine M ita rb e ite r  festgeste llt.

M it unseren  eigenen  V ersuchen w o llten  w ir k lä ren , wie die im  R o tsch lam m  
v o rh an d en en  N a tr iu m a lu m in iu m silik a te  eine m echan isch  feste B indung  bei 
d er R eak tion  m it K alkm ilch  h e rv o rb rin g en . Zu diesem  Zw eck hab en  w ir 
aus Z e ttlitz e r  u n d  Szegilonger (U n g arn ) K ao lin  d u rch  B eh an d lu n g  m it N a- 
tr iu m a lu m in a tla u g e  N a-A l-S ilikate  h e rg es te llt u n d  dieselben chem isch a n a 
ly s ie rt. W ir h ab en  diese P ro d u k te  m it dem  D iffrak to m e te r  a u f ih re P h asen
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u n te rsu c h t;  n a c h h e r w urden sie m it C alc ium hydrox id  b e h a n d e lt  u n d  e rn e u t 
d iffrak to m e trisch  an a lysie rt.

Die K ao line w urden  m it d e r beim  BAYER-Verfahren b e n ü tz te n  N a triu m - 
a lu m in a tlau g e  bei 250 °C eine S tu n d e  lan g  im  geschlossenen  A u to k lav en  
b e h a n d e lt, das erh a lten e  M ateria l d re im a l gründlich ausgew aschen  u n d  von  
d er schw er f iltr ie rb a ren  F lü ss ig k e it d u rc h  Z en trifug ieren  g e tre n n t. Es w ar 
schon  h ier zu sehen , daß ein Teil des P ro d u k te s  kollo idal is t. D ie A nalysen  
d e r u rsp rü n g lich en  K aoline u n d  d er bei versch iedenen  L au g e  : K ao lin -V er
h ä ltn issen  e rh a lten en  festen  P ro d u k te  s ind  in T ab . I zu sam m en g efaß t. D a rau s  
e rs ie h t m an , d aß  die Z usem m en se tzu n g  d er durch  B eh an d lu n g  des K ao lin its  
m it BAYERscher A lum in a tlau g e  e rh a lte n e n  P ro d u k te  au ffa llen d  gleichm äßig  
is t. D ie D aten  d e r Tabelle en tsp re c h e n  m it geringen A bw eichungen  der chem i
schen  F orm el N a 4[AlaSi30 120 H ]  • 2 H 20 ;  das is t H y d ro x y so d a lith  m it zwei 
M olekülen  W asser. A ußerdem  k a n n  m an  in  den m eisten P rä p a ra te n  eine h e x a 
gonale  Phase nachw eisen, die m it C an crin it iden tisch  is t , d . h . sie e n th ä lt  
s t a t t  H y d ro x id  CO /_ - oder Н С О Г -Io n en . E in  in T ab . I u n te r  M 3/3 an g e fü h rte s , 
aus Szegilonger K aolin  h e rg este llte s  P rä p a ra t  en th ie lt 3 ,1 %  C 0 2.

Tabelle I

Z usam m ensetzung  von K a o lin en  u n d  der aus ihnen durch B ehand lung  m it B ayer- 
A lu m in a tla u g e  entstandenen Produkte in  %

Kaoline Produkte*

Zettlitz Szegilong M 1/2 M 1/3 M 2/2 M 2/3 M 3/2 M 3/3

H 2o  .......................................... 0,4 0,3 1,4 1,6 0,6 1,0 1,5 1,3

G lü h v erlu s t .......................... 13,1 11,0 8,8 8,9 9,4 8,8 9,1 8,6

S iü 2 .......................................... 45,9 53,1 33,5 33,2 31,3 33,7 33,1 33,9

A L O :l ........................................ 38,7 33,6 31,3 31,6 31,2 31,2 31,3 31,5

i v , o :, • тю2 ............. n. b. n. b. 1,5 1,2 1,2 1,0 1,0 1,1
CaO .......................................... n . b . n . b. 0,4 0,4 0,3 0,4 0,4 0,4

N a 20  ........................................ n. b. n . 1). 23,7 24,0 23,9 23,9 23,7 23,2

Z usam m ensetzung  der A lu m in a tlau g e: N a 20  192,9 g /L iter

A120 3 177,3 g /L iter

* D ie P ro d u k te  M 3/2 u n d  M 3/3 e n th a lte n  a u ch  3,1% CO,. D ie  P rä p a ra te  M 1/2 u. 
M 1/3 w urden  aus Z e ttlitz e r  K a o lin  m it dem  M olverhältn is N a 20  : A120 3 =  3,72 d a rg e 

s te ll t ;  M 2/2 u. M 2/3 m it dem  M o lv e rh ä ltn is  2,00 u. die P rä p a ra te  M 3/2 u . M 3/3 aus 
Szegilonger K aolin  m it  dem  M o lv erh ä ltn is  1,65.

B eim  V ergleich des H y d ro x y so d a lith s  obiger Z u sam m en se tzu n g  m it der 
C an crin itp h ase  s ie h t m an, d aß  die A naly sen  n u r  geringe A bw eichung  zeigen; 
so m it is t die Z usam m en se tzu n g  von  M ischungen solcher P h a se n  auch  n u r  
w enig  versch ieden :
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H y d ro x y so d a lith

NaJAlaSiaO.jOH] • 2H20  
N a ,0  24,72%

А Ш Я 30,50

N a1[Al3Si30 l2H C 0 3]

C a n crin it

2 5 ,45%

31,40

36,93

1,75

4,51

S i0 2

h 2o

co2

35,87

8,82

Die Z u sam m en se tzu n g en  b e ider P h a se n  w eichen also  n u r  bezüglich  des
H .,0- bzw . CO „-G ehaltes b ed e u te n d  v o n e in an d e r ab  u n d  s te h e n  in gu tem  E in 
k la n g  m it den D a te n  d e r  T abelle I .

Z u r U n te rsu c h u n g  d er in  den R o h sto ffen  u n d  in  den  P ro d u k te n  v o r 
ko m m en d en  P h asen  h a b e n  w ir D iffrak to g ram m e v o n  den  u rsp rüng lichen  
K ao lin en  und  von  d en  d u rch  A lu m in a tlau g en b eh an d lu n g  e rh a lten en  P rä p a ra 
te n  v e rfe rtig t. A u f d iesen  kom m en s ta rk e  L inien  des H y d ro x y so d a lith s  v o r; 
die aus den R eflex io n en  b erechne te  K a n te  der k u b isc h e n  E lem en tarze lle  
b e trä g t  а =  8,993 Á , die R au m g ru p p e  is t P 4 3 n , also  die gleiche wie b e im  
S o d a lith  m it a =  8 ,87 Á. L e tz te re  P h ase  e n th ä lt  C I“ an  Stelle von  O H  
u n se re r  V erb indung , a b e r  keine W asserm olekü le . A u ß e r den  L inien des H y d ro 
x y so d a lith s  k a n n  m a n  bei allen P rä p a ra te n  auch  d ie jen igen  des C ancrin its  
(a =  12,60 А, c =  5,18 Á , R au m g ru p p e  C63) fin d en . D ie re la tiv e n  In te n s i tä te n  
sind  etw as ve rsch ied en , d. h . die A nteile  des H y d ro x y so d a lith s  und  C ancrin its  
s ind  w echselnd. D re i o d er v ier ganz schw ache L in ien  k o n n te n  n ich t id e n ti
f iz ie r t w erden, diese k ö n n e n  ab er n u r  irgendeinen  in  g e rin g er Menge anw esenden  
F re m d sto ff  anzeigen .

W ir k ö n n en  also fests te llen , d aß  in  u n se ren  V ersu ch en  aus zwei K ao lin en  
v e rsch iedener H e rk u n f t  u n d  R e in h e it d u rch  B eh a n d lu n g  m it BAYER-Lauge 
ein  G em isch von  H y d ro x y so d a lith -D ih y d ra t u n d  C a n c rin it e n ts ta n d e n  is t. 
M an m uß  noch  b e m e rk e n , daß  in  e in igen P rä p a ra te n  schw ache I llit-L in ien  
ersch ienen  sind. I l i i t  w a r in  den u rsp rü n g lich en  K ao lin en  in  geringer M enge 
v o rh a n d e n  u n d  is t  b e i d er obigen B eh an d lu n g  u n v e rä n d e r t  geblieben. L in ien  
v o n  Q uarz e rsche inen  in  den  D iffrak to g ram m en  n ic h t, d e r Q uarz is t bei d e r  
B eh an d lu n g  also v e rsch w u n d en  (er w urde  en tw ed er zu  den  obigen P h a se n  
um g ew an d e lt o d e r zu  N a tr iu m s ilik a t aufgelöst).

D urch  V erm isch en  des n ach  obigem  V erfah ren  e rh a lten en  H y d ro x y -  
so d a lith -C an c rin it-P u lv e rs  m it versch iedenen  M engen v o n  C alcium hydroxid  
u n d  W asser e rh ie lte n  w ir aus dem  u rsp rü n g lich  g ra u b ra u n e n  P rä p a ra t  ein 
b läu lichg raues, p u lv e rig es  P ro d u k t. N ach  der in te n s iv e n  V erm ischung m it 
K a lk  verfestig te  sich  das u rsp rüng liche  M ateria l ü b e rh a u p t n ich t, es blieb  
le ic h t z e rd rü ck b ar. D ie U rsache d er A b b in d u n g  k a n n  also n ich t die R e a k 
tio n  des H y d ro x y so d a lith s  oder des C ancrin its m it K a lk  sein. D as w ird
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au ch  d u rch  die d iffrak to m etrisch e  U n te rsu ch u n g  des K a lk -H y d ro x y so d a - 
lith -C ancrin it-G em isches b e s tä tig t, d a  an  seinen D iffrak to g ram m en  au ß e r den  
ch a ra k te ris tisch e n  L in ien  des C alc ium hydrox ids u n d  des C alcits, C aC 0 3, 
keine n eu en  L in ien  a u f tra te n . E s is t  m öglich , fa s t sogar sicher, daß  die R e a k 
tio n  m it K a lk  im  P rä p a r a t  einen Io n e n a u s ta u sc h  v e ru rsa c h t, das fü h r t  ab e r 
n ic h t zu  einer A b b in d u n g .

B eim  A ufsch luß  n ach  B a y e r  e n ts te h e n  N a triu m silik a te  (wie au ch  bei 
d e r H erste llu n g  v o n  W asserglas), w e ite rh in  A lum in ium hydrox id -G el u . zw. in  
ziem lich  g roßer M enge. Z ur B es tä tig u n g  w urde  der flüssige Teil des beim  A u f
sch luß  e rh a lten en , n och  n ich t gew aschenen  P ro d u k te s  d u rc h  Z en trifu g ie ren  vom  
fe s ten  A n te il g e tre n n t. D ie so e rh a lte n e  kollo idale L ö su n g  w urde e in g ed ick t 
u n d  m it K a lk h y d ra t v erm isch t. W ir e rh ie lten  eine sich  schnell verfestig en d e  
kollo idale  M asse, deren  d iffrak to m etrisch e  U n te rsu ch u n g  n u r  verschw om m ene, 
■sehr b re ite  R eflex ionen  (»Ringe«) e rg ab , w as a u f  am orphes bzw. ä u ß e rs t fe in 
körn iges M ateria l h inw eist.

B ei der R e a k tio n  des R o tsch lam m es m it K a lk m ilch  spielen sich  also 
ähn liche  V orgänge ab  wie bei der A b b in d u n g  u n d  V erfestigung  des P o r t la n d 
zem en ts. N ach  d er V erm ischung  des R o tsch lam m es m it K a lk  s te llt sich  die 
V erfestigung  schnell, d . h . e tw a in  e in e r V ie rte ls tu n d e  ein . D ie A b b in d u n g  des 
P o rtla n d z e m e n ts  is t langsam er, das w ird  ab er d u rc h  die verlan g sam en d e  
W irk u n g  des m it dem  K lin k er zusam m en  v erm ah len en  G ipszusatzes v e ru rsa c h t. 
D as is t  aus tech n isch en  G ründen  n ö tig , eine allzu schnelle A bb in d u n g  w ürde  
n äm lich  das E in a rb e ite n  des B etons in  die F o rm en  u nm ög lich  m achen . Die m it 
W ärm een tw ick lu n g  sich  abspielende V erfestig u n g  w ird  d u rch  die B ild u n g  u n d  
den  W asse rv e rlu st des T oberm orit-G els he rv o rg eru fen , w elche d u rch  die 
A u fe in an d erw irk u n g  des aus dem  Z em en tb re i m it W asser e n ts ta n d e n e n  K iese l
säu re-A lu m in iu m h y d ro x id g e ls  m it C a lc iu m h y d ro x id  zu  e rk lä ren  is t. E in e  
ähn liche  R eak tio n  sp ie lt sich o ffen b ar a u c h  hei der W echselw irkung  zw ischen 
im  R o tsch lam m  vorliegendem  A lu m in iu m h y d ro x id  u n d  d er ko llo idalen  K iese l
säu re  m it K alk m ilch  ab , was die so e n ts te h e n d e , sehr b e träch tlich e  F e s tig k e it 
e rk lä r t.

D er A u stau sch  des im  G itte r d e r k ris ta llin en  S ilik a te  v o rh an d en en  N a 
tr iu m s  d u rch  C alcium  g eh t zw ar au ch  v o r  sich, das v e ru rsa c h t ab er k le inerle i 
A bb in d u n g , wie dies auch  unsere E rfa h ru n g  zeigt.

Z U SA M M EN FA SSU N G

D er beim  B a u x ita u fsch lu ß  nach  B a y e r  en ts teh en d e  R o tsc h la m m  b in d e t n ach  V e rm i
schung  m it K a lk m ilch  schnell ab  u n d  e rre ich t seh r b e trä ch tlic h e  F estig k e iten . D u rch  ch em i
sche u n d  d iffrak tro m e trisch e  U n te rsu ch u n g  d e r aus K ao lin  m it BAYER-Lauge bei 250 °C 
en ts te h en d e n  P ro d u k te  u n d  d e r R eak tio n  d e rse lb en  m it K alk m ilch  w ird  gezeigt, d aß  d a d u rc h  
keine  F e stig k e it h e rv o rg e b ra ch t w ird. V ie lm ehr b ild en  sich aus d e r  beim  A ufschluß ebenfa lls  
en ts te h en d e n  ko llo iden K ieselsäure  u n d  d em  A lu m in iu m h y d ro x id  m it Ca(O H )2 to b e rm o rit-  
ähn liche  P ro d u k te , die d u rc h  W asserverlust ebenso  wie Z em en tb re i v e rfe s tig t w erden .
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Tabelle II

D iffraktogram m e der A ufsch lußprodukte  von

Zettlitz M 1/2 Zettlitz M 1/3 M 2/2
20 dÄ, Im 29 dÄ Im 29 dÄ Im

8,82 10,017 13 8,87 9,961 и 8,84 9,994 8
13,92 6,356 41 13,91 6,360 31 13,91 6,360 34
19,00 4,667 10 18,98 4,672 9 18,92 4,686 21
19,79 4,482 3 20,30 4,371 2

21.46 4.137 4 21,51 4,127 4 21,37 4.154 5

22,08 4,022 4 22,21 3,999 2

24,30 3,660 40 24,22 3,672 31 24,16 3,680 32
26,81 3,322 6 26,81 3.322 4 26,01 3,422 3

27,55 3,235 15 27,55 3,235 12 27,54 3,236 24

31,48 2,839 3 31,72 2,818 2 31,74 2,817 1

32,64 2,741 10 32,64 2,741 8 32,61 2,743 13

34,14 2,624 4

34,55 2,594 15 34,68 2,584 10 34,66 2,586 12

35,74 2,510 4

37,10 2,421 6 37,10 2,421 4 37,06 2,424 8
37,42 2,401 5 37,44 2,400 3 39,73 2,267 3

41,48 2,175 2 41,48 2,175 2

42,72 2,115 15 42,66 2,117 12 42,74 2,114 13
45,48 1,993 2 48,31 1,882 2

50,57 1,803 2

51,91 1,760 5 51,93 1,759 6
58,10 1,586 4 58,10 1,586 6

61,92 1,497 3 61,83 1,499 5

63,90 1,455 3 63,92 1,455 5

A bkürzungen: 111 =  I l ii t
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K aolinen  m it Bayerscher A lum inatlauge

M 2/3 M 3/2 Sz M 3/3 Sz Phase

28 dA Im 2 в dA I 28 dÁ I« hkl

8,84 9,994 8 8,91 9 ,916 6 8,87 9,961 9 ill

13,94 6,360 32 13,91 6 ,360 30 13,93 6,351 31 н 110

18,96 4,676 20 18,94 4,681 6 19,01 4 ,664 6 с 101

19,79 4 ,482 1 1 1 . н 200

21,42 4,145 5 21,43 4 ,143 3 с 210

22,10 4,018 2 22,00 4,037 3 н 210

24,26 3,666 34 24,22 3,672 31 24,27 3 ,664 31 н 211

26,86 3,316 3 26,89 3,312 4 111

27,54 3,236 25 27,62 3,227 6 27,57 3,232 5 с 211

н 310

32,60 2,744 13 32,59 2 ,745 7 32,70 2 ,736 7 с 301

34,19 2,620 4

34,71 2,582 13 34,66 2 ,586 12 34,61 2,589 12 II 222

35,65 2,516 4 35,56 2,522 3

37,10 2,421 9 37,04 2,425 2 37,10 2,421 3 с 401

39,77 2,265 4 37,44 2 ,400 3 37,52 2,395 4 н

41,46 2,176 3

42,74 2,114 12 42,66 2,117 10 42,72 2,115 11 н 4 1 ] ,3 3 0

48,34 1,881 2

50,50 1,806 3 н 422

51,96 1,758 6 51,86 1,761 5 51,90 1,760 5 н 510

58,10 1,586 6 58,04 1,588 4 58,10 1,586 4 н 440

61,86 1,498 3 61,94 1,497 2 61,90 1,498 2 н 600, 442

63,86 1,456 4 63,84 1,457 3 63,90 1,455 3 н 6 1 1 ,5 3 2

69,32 1,354 3

H  =  H ydroxysodalith , C =  C ancrinit

9. D iin a y , S .: T im fö ld g y ári v a n ád iu m isza p o k  feldolgozása (V e ra rb e itu n g  von  V an ad iu m - 
sch läm m en der T o n erd e in d u s trie  [U n g .] . A usgabe Nr. 10 des In s t i tu t s  fü r  In g e n ie u r
fo rtb ild u n g , B u d a p e s t,  1952).
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12. N em ec z , Б ., So ly m á r , К ., E l e k , S .: K o h á sz a ti  Lapok, im  D ru ck .
13. B o r c h e r t , W ., K e id e l , J . :  H eidelberg . B e itr . Miner. P e tr . 1, 17 (1947).

Is tv á n  NÁr a y -S z a b Ó; B u d a p e s t, I I .  P usztaszeri ú t  57/69 
Is tv á n  Ma g y a r o s y

T iv a d a r  K o t s is  B u d a p e s t, X I .  F ehérvári ú t  144 
Iv á n  F e h é r

Acta Chim. Acad. Sei. Hung. 57, 1968





Acta Chimica Academiae Scientiarum Hungaricae Tomus 57 (4), pp. 385—389 (1968)

А Н А Л И З  В О Л Ь Ф Р А М А  М Е Т О Д О М  Н Е Й Т Р О Н Н О Й  
А К Т И В А Ц И И ,  II

О П Р Е Д Е Л Е Н И Е  С О Д Е Р Ж А Н И Я  Н А Т Р И Я  И  К А Л И Я  

А. Элек и Э. Сабо

Ц е н т р а л ь н ы й  И н с т и т у т  Ф и зи ч еск и х  И с сл ед о ва н и й  В е н г е р с к о й  А к а д е м и и  Н а у к  

П о с т у п и л о  2 3 -г о  с е н т я б р я  1 9 6 7  г .

С точки зрения активационного анализа вольфрам является неблаго
приятной матрицей из-за его хорошей активируемости. В таблице I приве
дены данные ядерных свойств радиоактивных изотопов вольфрама и определ
яемых элементов, образующихся в результате (и, у) реакций. Определением 
щелочных элементов в вольфраме методом активационного анализа до сих пор 
занимались немногие. Применяя химическое разрушение матрицы, Косгров, 
и Моррисон разработали метод для отделения вольфрама от нескольких эле
ментов, в том числе от натрия и калия, с применёнием а-бензоиноксима [1]. 
Из-за высокой активности самой матрицы (187W), без радиохимических раз
делений можно определять с достаточной чувствительностью только5 те эле
менты, которые обладают, по крайней мере, такой же активируемостью, как . 
сам вольфрам, и которые испускают у-лучи с энергией больше I Мэв. Наряду 
с радиохимическим отделением натрия, без разрушения образца был опре
делен 1% натрия в натриево-вольфрамовой бронзе Райландом и Фойтом [2]. 
Также без разрушения образца было определено около 10~3% натрия в метал
лическом вольфраме Спицыным и сотрудниками [3], и от КП4 до 10~э% 
натрия, алюминия и кремния Квиттнером и сотрудниками [4, 5]. В образцах, 
исследованных нами, содержание натрия было ( 2 -у 17)-10_4%, а калия'" 
(4,5 7,0)-10_3%.

Экспериментальная часть

Установки для облучения и измерения:
Облучение проводилось в реакторе типа ВВР—С Центрального Инсти

тута Физических Исследований при помощи пневмопочты [6], при потоке 
нейтронов, равном 5 - 1012 н/см2/сек. Снятие сцинтилляционных у-епектров 
осуществлялось с помощью у-спектрометра, состоящего из кристаллаN aJ(T l) 
размером 75 X 75 мм (N ucl. E n t .  IA-4/12 In te g ra l A ssem bly) и из многоканаль
ного анализатора типа N T A —256 отечественного производства.

Вольфрамовые спирали и проволочки весом 30 4- 100 мг перед облу
чением обрабатывались 2 н. раствором H N 03 с целью удаления поверхност-
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ных загрязнений. Очищенные образцы и стандарты помещались в разные 
капсулы из полиамида и облучались в одном общем контейнере в течение 400 
сек. В качестве стандартов использовалось 50 мкг натрия в виде сульфата и 
500 мкг калия в виде нитрата.

После облучения образцы помещались в платиновую чашку и раство
рялись в присутствии носителей натрия и калия по 5 мг в 1 мл конц. раствора 
HF с добавлением нескольких капель конц. раствора H N 03. Содержание 
чашки упаривалось досуха на водяной бане, затем остаток растворялся в

Т аб ли ца I

386 Э Л Е К .  С А Б О :  А Н А Л И З  В О Л Ь Ф Р А М А  М Е Т О Д О М  Н Е Й Т Р О Н Н О Й  А К Т И В А Ц И И ,  I I

Д а н н ы е  я д е р н ы х  свой ст в и зо т о п о в  оп р ед еля ем ы х  эл ем ен т ов  и  в о л ь ф р а м а  [8]

Р ад и оакти вн ы й  изотоп, образую щ ийся в  результате (п , у )  реакции

Элем ент
М ассовое

число

активность насы-
Т,г, щ ени я, расп ./сек .г 

элемента*
тип  излучени я и эн ер ги я  у -квантов, Мэв

N a 24 15,06 ч 1,39- 101» /3-, у—1,38; 2,76.
К 40 1,29- 109 л 4,31 • 1010 ß ~ ,  ЭЗ, у - 1,46.

42 12,44 ч 1,02- 109 ß ~ ,  у - 1,52.
W 181 1,4 • 102 дн 4,52- 107 ЭЗ

185 73,2 дн 2,00- 109 ß - ,  у—0,125;.. .
187 24,1 ч 3,7 • 1010 ß ~ ,  у—0,134; 0,480; 0,686.

* приведенные значения относятся к потоку медленных нейтронов, равному 10,2н/сч2.
с е к .

10 мл 1 н. по HF и H N 03 раствора и пропускался для селективного ионо
обменного поглощения вольфрама через ионообменную колонку, наполнен
ную анионитом Дауэкс — 1 х  8 в NOg-форме [7] (высота 12 см, диаметр 0,6 см, 
скорость протекания 5 мл/см2-мин). После этого колонка промывалась 20 мл 
дистиллированной воды и собранный в стакан раствор (30 мл), содержащий 
натрий и калий, помещался на поверхность детектора для снятия у-спектра.

В предварительных опытах указанное отделение проводилось в при
сутствии такого же количества неактивного вольфрама и меченных щелоч
ных элементов, и сопоставлением введенной и найденной активностей 
устанавливалось, что химический выход по калию и натрию является прак
тически 100%-ным. В дальнейшем считали, что нет необходимости применять 
иные методы для определения химических выходов при анализе отдельных 
образцов.

Стандарты, облученные вместе с образцами удалялись из капсул вы
мыванием 0,1 н. раствором H N 03 и их определенная доля разбавлялась 
дистиллированной водой до 30 мл, после чего измерялся у-спектр.

Время измерения у-спектров соствляло 400 сек. Идентификация изо
топов 24Na и 42К проводилась по энергии и по периоду полураспада. Имея
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/-спектры стандартов, определение содержания искомых элементов в образ
цах вольфрама проводилось декомпонировкой /-спектров растворов, полу
ченных после отделения матрицы. Спектры декомпонировались в интервале 
1,45 ч- 2,90 Мэв по методу взвешанных наименьших квадратов. На рис. 1 
приведены /-спектры растворов, полученных из двух образцов после селек
тивного поглощения вольфрама, а на рис. 2 приведены /-спектры стандартов.

Э н ер ги я , Мэб

Р и с .  1. у-спектры растворов, полученных после селективного поглощения вольфрама

При данных условиях анализа число импульсов фона при энергии 2,76 
Мэв соответствовало числу импульсов, вызванных 0,015 мкг натрия. Выбирая 
критерием чувствительности анализа то, что число импульсов измеряемой 
активности должно превышать ошибку фона (в данном случае трехкратную 
статистическую ошибку), можно сказать, что этим методом 0,005 мкг натрия 
является определимым ещё с большой надежностью [9].

Чувствительность анализа по калию хуже, чем по натрию, не только из-за 
худшей активируемости первого, а из-за более интенсивного фона детектора
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(40К) и из-за близости фотопика 24Na (1,38 Мэв) к фотопику 42К (1,52 Мэв). Так, 
l + 5 -mNa мкг калия давало одинаковое число импульсов по сравнению

Энергия ,  M ai

Р и с . 2 . ^-спектры стандартов натрия и калия

с этими двумя мешающими излучениями. Первый член связан с фоном, а вто
рой с мешающим действием натрия, где m Na обозначает содержание нат
рия в образце в мкг. По упомянутому критерию чувствительность по калию 
равняется 0 ,2 + 0 ,5 -m Na мкг.
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РЕЗЮМЕ

Разработана методика определения содержания натрия и калия в металлическом 
вольфраме по изотопам 24Na и 42К, применяя химическое разрушение образца и селективное 
поглощение матрицы путем ионного обмена. Облучение образцов проводилось в реакторе 
типа ВВР—С при помощи пневмопочты, а снятие у-спектров осущесвлялось с помощью 
у-спектрометра, состоящего из кристалла N a J(T l)  размером 75x75  мм и многоканального 
анализатора. Чувствительность метода составляет 0,005 мкг натрия и 0,2 +  0,5 • MNa 
мкг калия, где MNa обозначает количество натрия в образце в мкг.

SUM M ARY

A m eth o d  h a s  b een  developed fo r th e  d e te rm in a tio n  of th e  sod ium  a n d  p o tass iu m  c o n 
t e n t  o f tu n g s ten  f ila m en ts . T he sam ples w ere ir ra d ia te d  in  a  W W R -S z ty p e  re ac to r  b y  m ean s 
o f  th e  p n eu m a tic  tu b e  system . A fte r ir ra d ia tio n , a  se lec tive  se p a ra tio n  b y  ion -exchange  of 
th e  tu n g s ten  w as e ffec ted . A 3 X 3  in . N a l(T l)  c ry s ta l a n d  a  m u ltich a n n e l an a ly ze r w ere  u sed  
fo r th e  a c tiv ity  m easu rem en ts  o f  th e  !iN a  an d  42K  iso topes. U n d e r th e  g iven  e x p e rim e n ta l 
cond itions, th e  se n s it iv ity  o f th e  m eth o d  w as 0.005 /tg  N a  a n d  0.2 -f- 0.5 • т ц а — fig  K ,  
w here m\ia d en o tes  th e  a m o u n t of N a in  th e  sam ples, in  fig.
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DETERMINATION OF REACTION ORDER AND RATE 
CONSTANTS ON THE BASIS OF THE PARAMETER 

ESTIMATION OF DIFFERENTIAL EQUATIONS

L. F á y  and A. B alogh

(U n iversity  o f  C hemical In d u stry , Veszprém , 
a n d  H ungarian Oil a n d  Gas Research In s titu te , Veszprém)

R ece iv ed  O c to b er 6, 1967 

In tro d u c tio n

T he basic  ta s k  of sciences is to  se t u p  h y p o th eses  fo r exp la in ing  o b se rv ed  
n a tu ra l  p h en o m en a  and  to  ex am in e  w h e th e r, b y  th e  hypo thesis g iv en , th e  
n a tu ra l  p h en o m en o n  in question  can  he described . I f  so, th e  h y po thesis  becom es 
a n a tu ra l law  u n t i l  a new p h en o m en o n  is found  c o n tra d ic tin g  th is  h y p o th e s is . 
T h en  th e  e s ta b lish m e n t of a new  h y p o th es is  w ill be necessary , w h ich  can  
ex p la in  b o th  th e  o ld  phenom enon  a n d  th e  new  one.

T he re c e n t developm ent o f  sciences an d  m a th e m a tic s  has re su lte d  in  
th e  p re se n ta tio n  o f  hypotheses a n d  n a tu ra l  law s, u su a lly  in a m a th e m a tic a l 
fo rm . T h u s one ex p ec ts  n a tu ra l law s to  describe n a tu ra l  phenom ena in  a  w ay  
w hich  is co rrec t n o t  only  q u a lita tiv e ly  b u t  also q u a n tita tiv e ly . W ith o u t th is  
re q u irem en t th e  d eve lopm en t o f science an d  tech n o lo g y  could n o t h a v e  ta k e n  
place.

In  p h y sica l chem istry  m ost o f  th e  n a tu ra l p h en o m en a  can be w ritte n  
in th e  fo rm  o f d iffe ren tia l eq u a tio n s . T herefo re , check ing  some h y p o th e s is  is 
u su a lly  e q u iv a le n t to  exam ining  w h e th e r  th e  so lu tio n  o f  th e  d iffe ren tia l e q u a 
tio n  g iven  is id e n tic a l w ith  a cu rv e  o b ta in e d  th ro u g h  m easu rem en ts, o r  n o t. 
I f  so, i t  m a y  be  sa id  th a t  the  n a tu ra l  p h enom enon  is described  b y  th e  d iffe ren 
tia l  eq u a tio n  se t u p  on  the  basis o f  th e o re tic a l con sid era tio n s. The e x a m in a tio n  
o f a h y p o th esis  consists , th e re fo re , o f th e  follow ing s tep s  [6]:

1. c a rry in g  o u ti  m easurem ents a n d  p lo ttin g  th e  experim en ta l re su lts ,
2. s e tt in g  u p  d fferen tia l e q u a tio n s ,
3. so lv ing th e  d ifferen tia l e q u a tio n s , and
4. co m p arin g  th e  solu tion  w ith  th e  e x p e rim e n ta l resu lts .
On p e rfo rm in g  th e  firs t tw o  s te p s , no d ifficu lty  o f  m a th em a tica l n a tu re  

u su a lly  arises, in  co n tra d is tin c tio n  to  th e  s tep s  3 an d  4 . In  th e  re la tiv e ly  ra re  
cases w hen  th e  so lu tio n  of th e  d iffe re n tia l eq u a tio n s  can  be w ritte n  in  an  
an a ly tica l fo rm , th e  d ifficu lty  we e n c o u n te r  is th e  fo llow ing. One has to  choose 
w hich one o f  th e  so lu tions o b ta in e d  is id en tica l w ith  th e  curve d e te rm in e d  
ex p e rim en ta lly , ta k in g  in to  co n sid e ra tio n  th e  erro rs o f  m easu rem en t. I f  a

A cta  C h im . A cad. Sei. H u n g . 57 , 1968



392 FÁY, BALOGH: DETERMINATION OF REACTION ORDER AND RATE CONSTANTS

sy stem  o f  lin e a r  equ a tio n s is av ailab le , th e  p ro b le m  can be solved w ith o u t an y  
fu r th e r  d ifficu lties. S hould  th e  system  o f e q u a tio n s  tu rn  ou t to  be  n on -linear, 
th e  p ro b le m  m ay  be solved b y  m eans o f c o m p u te rs , w ith o u t th e o re tic a l d iffi
cu lties. B u t  if  th e  so lu tio n  c an n o t be p re se n te d  in  an  an a ly tica l fo rm , som e 
m e th o d  o f  a p p ro x im a tio n , p a r tic u la r ly  t h a t  o f  R ung e  — K u t t a , m u st be 
ap p lied . H ow ever, using  th e  R u n g e  — K u t t a  p ro ced u re  as well as o th e r  n u m e r
ical m e th o d s , one has to  k now  th e  values o f  a ll th e  co n stan ts  o f th e  d iffe ren tia l 
e q u a tio n s , as otherw ise th e  co m p u ta tio n  c a n n o t be  carried  o u t. T hese v a lu es , 
how ever, o u g h t to  be d e te rm in ed , a f te r  h a v in g  ob ta in ed  th e  so lu tio n , from  
th e  c u rv e  o f  m easu rem en t, p o ssib ly  ta k in g  in to  considera tion  th e  e x p e rim e n ta l 
e rro rs. H o w  can  th is  be done? T he answ er to  th is  question  is th e  su b je c t o f th e  
p re se n t p a p e r.

1. Exposition of the m ethod

1.1 O rdinary d ifferen tia l equations o f  the f i r s t  order

L e t us consider a d iffe ren tia l eq u a tio n  o f  th e  firs t o rder, a n d  le t  us su p 
pose t h a t  fo r th e  v ariab les x  an d  у  e x p e rim e n ta l d a ta  are g iven . O n p lo ttin g  
th ese  d a ta  in  a system  o f coo rd ina tes, th e  d e r iv a tiv e  to  each m easu rin g  (ex p er
im en ta l)  p o in t can  easily  be d e te rm in ed . T h u s  a system  of va lu es  o f in d ep en 
d e n t a n d  d ep en d en t v a riab les  as well as o f d e riv a tiv e s  is o b ta in e d

х ь У ь  y'i (£ =  1,2,  . . . re)  (1)

n  b e in g  th e  n u m b er of th e  ex p e rim en ta l p o in ts . S hould  the  d iffe ren tia l e q u a tio n

/(*> У->? >  cu c2, . . • c k) =  0 (2)

be fu lfilled  w ith o u t erro rs a t  th e  e x p e rim e n ta l po in ts in se rtin g  th e  value o f 
sy s te m  (1) in to  E q . (2), th e re  w ould  e x is t n  equa tions fo r d e te rm in in g  th e  
p a ra m e te rs  cv  c2, . . . ck. I f  th e  fu n c tio n  a n d  d e riv a tiv e  v alues a t  th e  ex p e ri
m e n ta l p o in ts  are su b jec t to  e rro rs, such  a sy s te m  o f equations c a n n o t be set u p . 
L e t dyi d en o te  th e  e rro r o f  th e  fu n c tio n  v a lu es  an d  dy'j t h a t  o f th e  d e riv a tiv e s , 
th e n  d es ig n a tin g  th e  ex p e rim en ta l fu n c tio n  va lu es  b y  f]i an d  th e  re spec tive  
d e r iv a tiv e s  b y  ryj we h av e :

Vi =  yt +  dyi
(£ =  1 ,2 ,  . . . n )  (3)

V'i =  y'i +  dy\
b y  s u b s ti tu t in g  these  in to  E q . (2) we ge t

f  (x 1, r j1, r i '1, c 1, c i, . . . c k) =  e1

f ( x 2, rj2, 17', c v  c2, . . . c k) =  e 2 (4)

f  { x m V m V m c v  c2’ • • • c k ) =  £ n
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w here в1г e2, . . .  , sn den o te  th e  errors m ad e  b y  su b s titu tin g  th e  e x p e rim e n ta l 
fu n c tio n  an d  d e riv a tiv e  values in to  th e  d iffe ren tia l eq u a tio n . A ccording to  th e  
p rincip le  of le a s t sq u ares , how ever, th e  p a ra m e te rs  cx, e2, . . . , ck are  chosen 
to  m inim ize th e  expression

П

S u b s titu tin g  E q s  (4) in to  E q . (5), th e  p a ra m e te rs  can  be d e te rm in ed  from

П
Ф (cl5 c2, . . . cA.) =  p  (*/, Vh n'h c„ C 2, . . .  c k) =  m in . (6)

f=i

In  case th e  sy s tem  o f equa tions

Э Ф
——  =  0 (i — 1, 2, . . .  k )  (7)
9  C j

is linear, th e  p a ra m e te rs  m ay  read ily  be o b ta in e d . I t  is to  be n o ted  th a t  th is  
case often  occurs if  th e  d iffe ren tia l e q u a tio n  c a n n o t be solved b y  q u a d ra tu re . 
E .g ., le t us consider th e  d ifferen tia l eq u a tio n

У’ =  Ci*’ +  c2y e (8)

w here c l  an d  c2 are  p a ra m e te rs  to  be chosen , « an d  ß  being  know n.
I f  th e  sy s tem  o f eq u a tio n s  (7) is n o n -lin ea r, one can  p roceed  in  tw o w ays. 

T he f irs t  m e th o d  consists in  d e te rm in in g  th e  m in im u m  o f th e  fu n c tio n  
9? (Cp c 2, . . . c k) b y  m ean s o f som e p ro ced u re  fo r o b ta in in g  th e  ex trem e v a lu es  
o f  fu n c tio n s o f m a n y  v a riab les . (M ethod o f s teep es t descen ts: Co u r a n t  [7], 
Cu r r y  [8], H o u s e h o l d e r  [9], L e v e n b e r g  [10], B ooth  [11]; co n juga te  g ra 
d ien t m e th o d : H e s t e n s  an d  St ie f e l  [12], Ma r t in  an d  T e e  [13]; “ P a r ta n ”  
m e th o d : S h a h , B u e h l e r , an d  K e m pt h o r n e  [14]. F u r th e r  m eth o d s: P o w el l  
[15], D á v id o n  [16], F l e t c h e r  an d  P o w ell  [1].) T he second m eth o d  consists 
in  so lv ing th e  sy s te m  o f non -lin ear e q u a tio n s  b y  m eans o f som e m eth o d  o f 
ap p ro x im a tio n  (e.g., th e  N e w to n —R ap h so n  m eth o d ). I n  th e  tw o la t te r  cases, 
how ever, co m p u te rs  m u s t be used. T his is th e  case, fo r exam ple , w hen  th e  
ex p o n en ts  cc an d  ß  in  E q . (8) are u n know n , a n d  are also to  be d e te rm in ed  from  
m easu rem en ts .

1.2 System  o f  ord inary d ifferential equations

T he m eth o d s m en tio n ed  in  th e  fo rm er sec tio n  can  be app lied  to  system s 
o f o rd in a ry  d iffe ren tia l eq u a tio n s. L e t us con sid er th e  follow ing sy stem  o f 
d iffe ren tia l e q u a tio n s:

f i  ( x i Ad  Аг’ • • • У  m i У  \ i У v  У  m i c h  c i i  ■ ■ • c k) =  0

f i  ( Х 1 У  11 A2’ ■ ■ • У  m i  Ан У 41 У  m i  C11 C21 • ■ • c k )  =  0 (9 )

f m ( x i У l i  A21 ■ ■ ■ У  m i  У \ 1  У  11 ■ ■ ■ У  m l  C 11 c21 ■ • ■ Of) =  0
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a n d  le t  th e  exp erim en ta l d a ta

-У', V u i  V ‘*i' ■ • • V m i iV  U iV ih  • • • V mi (l  1 , 2 ,  . . . Tl) ( Ю )

be a v a ilab le . S u b s titu tin g  th e se  in to  E q . (9), i t  is satisfied  on ly  if  th e  d a ta  (10) 
are  n o t  su b jec t to  e rro rs, an d  th e  fu n c tio n s y , (i =  1, 2 . . . n) are so lu tions o f 
E q . (9). S hould  th e  fu n c tio n  an d  d e riv a tiv e  va lu es  sa tisfy ing  E q . (9) be su b je c t 
to  e rro rs  o f m easu rem en t, a m in im um  co n d itio n  sim ilar to  th e  foregoing sec tion  
w ill be se t up accord ing  to  th e  m e th o d  o f le a s t squares. T his m in im um  co n 
d itio n  read s as follows:

m  n

Ф  (C j, C2, . . . Ck)  =  f f  {Xj ,  ?7ii, ^2 /» • • • V m h V U t  ■ • ■ V m h  cl ,  c 2, ■ • ■ ck) =  m in !
j =  1 1 =  1

L ike in  th e  fo rm er sec tion , th e  p a ra m e te rs  сг, c2, . . . cn can  be o b ta in e d  e ith e r  
b y  so lv ing  the  system  o f equ a tio n s

0 ф
------- =  0 ( £ = 1 ,2 ,  . . .  fc) (11)

Эс,-

o r, if  these  equa tions are  n o t linear, b y  an  ap p ro p ria te  m eth o d  m en tio n ed  
ab o v e  [1], [7], [8— 16]. I n  th e  la t te r  case a co m p u ter is needed .

1.3 D ifferential equations o f  higher order

As know n, d iffe ren tia l eq u a tio n s o f  h ig h e r o rder can  alw ays be red u ced  
to  a system  of d iffe ren tia l eq u a tio n s o f  th e  f irs t  o rder, so th a t  th e  e s tim a tio n  
o f  th e  p a ram ete rs  o f d iffe ren tia l e q u a tio n s  o f h igher o rd er m ay  be p erfo rm ed  
on  th e  basis o f ex p e rim en ta l d a ta . In  m a n y  cases, how ever, i t  is n o t ex p ed ien t 
to  red u ce  th e  e q u a tio n  to  a system  o f e q u a tio n s , all th e  m ore because th e  n u m e r
ica l va lu es  of th e  h ig h er d e riv a tiv es  are  need ed  in  an y  case. T h ey  can  be d e te r 
m in ed  sim ilarly  to  th e  d e riv a tiv es  o f  th e  f irs t  o rder. H ow ever, w hen  d e te r
m in in g  higher d e riv a tiv e s  by  som e n u m erica l or g raph ica l m e th o d , th e  fac t 
m u s t be considered th a t  th e  h ig h er th e  d e riv a tiv e , th e  g rea te r  th e  e rro r  m ade. 
T h e  estim atio n  o f p a ra m e te rs  can  be p e rfo rm ed  as in th e  case o f d iffe ren tia l 
e q u a tio n s  of th e  f irs t o rd er. I f  th e  e x p e rim en ta l set of fu n c tio n  an d  d e riv a tiv e  
va lu es

Xh Vh Vh V", ■ ■ ■ V\p) (» =  1 , 2 , . . .  k) (12)

is ava ilab le , th e  p a ra m e te rs  cv  c2, . . . c„ o f th e  d ifferen tia l eq u a tio n

f ( x , y , y ' , y " ,  . . . y (p\  cy e2, . . . ck) =  0 (13)
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m a y  be co m p u ted , as described ab o v e , from  the m in im u m  condition

к
Ф (cv  c2, . . .  cn) =  j y  p  (xj, Г), rj'h rj'i, . . . rjW, cv  c2, . . . ck) =  min! (14)

i=i

The ex trem e values are d e te rm in e d  as s ta ted  ab o v e .

2. Application o f the method to the determination of reaction order and rate
constants

The m a th e m a tic a l p ro ced u re  in tro d u c e d  above can  be applied  to  d e te r 
m in in g  reaction  o rd e r and  k in e tic  c o n s ta n ts , these q u a n tit ie s  being th e  p a ra m 
e te rs  o f the  k in e tic  d ifferen tia l e q u a tio n . P lo ttin g  th e  co n cen tra tio n  as th e  
fu n c tio n  of tim e  a n d  d e te rm in in g  th e  slopes belonging to  th e  ex p erim en ta l 
p o in ts  g raph ica lly , one gets th e  s e t  of

*пУс>У% (i — 1, 2, . . . n)

(n  b e in g  th e  n u m b e r o f m easu rem en ts). H ereb y  on th e  b as is  o f  th e  ra te  e q u a 
tio n s , th e  e stim a tio n  o f th e  p a ra m e te rs , i.e. th e  d e te rm in a tio n  o f the  reac tio n  
o rd e r  an d  k inetic  co n stan ts , can  b e  ach ieved . The ap p lic a tio n  of th is  m e th o d  
is show n b y  d e te rm in in g  th e  ra te  c o n s ta n ts  and reac tio n  o rd e r  of the  c a ta ly tic  
o x id a tio n  of e th y len e .

2.1 D eterm ination o f  reaction order and rate constants in  the case o f  the 
catalytic oxidation o f  ethylene

I t  was p o in ted  o u t b y  L e h n e r  [2] in  1931 th a t  th e  p ro d u c t of the  p a r tia l  
o x id a tio n  of e th y len e  is e thy lene o x id e . In  th e  sam e y ea r, L e fo r t  [3] o b ta in ed  
a p a te n t  for th e  o x id a tio n  re a c tio n  accom plished in  th e  presence of silver 
c a ta ly s t .

I n  oxidizing e th y len e  in  th e  p resen ce  o f a silver c a ta ly s t ,  e thy lene oxide 
is fo rm ed  as th e  m ain  p ro d u c t:

C2H 4 +  1/2 0 2->  C2H 40  +  2 9 .2  kcal (280° C ), (15)

w hereas in the  com plete  o x id a tio n  o f  e th y len e  carbon d iox ide  is o b ta in ed :

C2H 4 +  3 O , -► 2 C 0 2 +  2 H 20  +  317 kcal (280° C) (16)

In  th e  presence of a silver c a ta ly s t, th e  e th y len e  oxide fo rm ed  in  R eaction  (15) 
can  be fu r th e r  ox id ized :

C2H 40  +  2.5 0 2 -► 2 C 0 2 +  2 H 20 ( П )  .
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As to  th e  ra te  o f  th e  fo rm a tio n  o f  e th y len e  oxide, considering  its  p a r tia l 
o x id a tio n  [4], we h av e :

*1 =  -d  [C 2f 4° ] =  * 1  [CaH J " i  -  k2 [C2 H tO]"» (18)
at

(19)

г4 =  ra te  o f th e  fo rm a tio n  o f  e th y le n e  oxide (co n cen tra tio n /tim e), 
r2 =  ra te  o f th e  fo rm a tio n  o f ca rb o n  dioxide (co n cen tra tio n /tim e),
[] =  co n cen tra tio n s  o f th e  com p o n en ts  form ed a n d  ta k in g  p a r t  in  th e  

reac tion ,
A4 =  ra te  c o n s ta n t o f th e  fo rm a tio n  o f e thy lene  ox id e  ( tim e -1 ),
A., =  ra te  c o n s ta n t o f  th e  o x id a tio n  o f  e thy lene  o x ide  ( t im e -1),
A3 =  ra te  c o n s ta n t o f th e  fo rm a tio n  o f carbon  d io x id e  ( tim e -1), 
nv  n2, n3: c o n s ta n ts .
L e t be
z 0 =  in itia l c o n c e n tra tio n  o f e th y len e , 
z: =  c o n c e n tra tio n  o f th e  u n c h an g ed  e thy lene , 
x: =  m o m e n ta ry  co n cen tra tio n  o f  e th y len e  oxide, 
y :  — m o m e n ta ry  c o n cen tra tio n  o f  ca rbon  dioxide.

A ccord ingly , th e  ra te  eq u a tio n s  a re :

=  A3 К  -  *]«i -  A2 [*]"• 
dt

(2 0 )

~  =  A3 [ * 0 — г]л* +  M " 2
2  dt

(2 1 )

T he ra te  e q u a tio n  o f  th e  fo rm a tio n  o f  ca rbon  d iox ide is:

r ,  =  =  ks [С2Н 4]пз +А» [C2H 4 0]"=
dt

w here

B y  ad d in g  th e  tw o  eq u a tio n s , th e  ra te  eq u a tio n  o f th e  reac tio n  o f e th y len e  
is o b ta in ed :

Since

we have

d ix ]
dt

1 d [ y ]
2 dt

= ь i [*„ — z V l + h  [го — z Y a-

d [x ]  1 d  [y] _  d[z]
dt 2  dt dt

=  Aj [ * 0 -  *]"* +  h  [z0 -  *]«. 
dt

( 22)

(23)

(24)
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In s te a d  o f [z0 — z] we shall use zt co n cen tra tio n  o f th e  e th y len e  co n v e rted  
fu r th e r  on.

E s tim a tin g  th e  p a ram ete rs  k v  k 3, nx an d  n3 accord ing  to  th e  fo rego ing , 
we get

" dz 

ÍTÍ dt
k i z ?i ~  к з

2

min! ( 2 5 )

F ig . 1. E th y le n e  c o n te n t o f th e  p ro d u c t gas o f o x id a tio n  a t  d iffe ren t te m p e ra tu re s  as a fu n c tio n  
of th e  c o n ta c t tim e . C o ncen tra tion  of e th y len e  in  th e  p ro d u c t gas (m ole). C o n tac t tim e  (s)

D iffe ren tia tin g  th e  equ a tio n s accord ing  to  k±, k 3, nv  an d  n3, we hav e :

8 M
9 k 3

Э M

9  k 3 

3 M  

9 п г 

Э М

M l 1-  W K 1
i=1

=  2  (*' -  -  k-A3) zl3
i=l

=  У  (z' — k i z n l  —k 3z u 3) k i z n l  l n z u  
1=1

=  У, 0 '  ~ klzul — k 3z n3) k 3z u3 ]nzii
1 = 1

( 2 6 )

( 2 7 )

( 2 8 )  

( 2 9 )

T he ex p erim en ta l d a ta  needed for th e  so lu tio n  o f th e  equa tions (i.e. th e  g rap h
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of 2  versus t)  are c o n ta in e d  in  Fig. 1. T h e  e th y len e  c o n te n t of th e  in itia l gas 
was 35 • 10 ~3 m ole, i.e.

z 0 =  35 • lO “ 3
T he co m p u ta tio n s w ere carried  ou t from  180° C to  250° C in increm en ts of 
10° C, on th e  basis o f  th e  experim en ta l d a ta  g iven . T he d e riv a tiv e  values w ere 
o b ta in e d  b y  m eans o f  g raph ica l d iffe ren tia tio n . P u tt in g  th e  te rm s (26), (27),

10~3

F ig . 2. C om puted  a n d  m easu red  co n cen tra tio n s o f e th y len e  belonging  to  d iffe ren t c o n ta c t 
tim es and  re a c tio n  tem p era tu res . E th y le n e  oxide fo rm ed (m ole). C on tac t tim e (s)

(28), an d  (29) e q u a l to  zero and in se rtin g  th e  v alues o f 2 ,- an d  z tj, one gets a 
sy s tem  of n o n -lin ea r equ a tio n s w ith  fo u r u n know ns. T his system  of eq u a tio n s  
w as solved b y  a G ie r  com pu ter w ith  a N o l e q -3 pro g ram  given by  K j a e r  [5].  
As a resu lt of th e  co m p u ta tio n , th e  u n i ty  ( =  1) w as o b ta in ed  for th e  values 
o f b o th  and  n 3, w h ich  m eans t h a t  th e  reac tions in  th e  regions in v es tig a ted  
m u s t be of th e  f i r s t  o rd er. The values o f th e  ra te  co n s ta n ts  /cx an d  k 3 are given 
in  T ab le  I.

2.2 Com parison o f  the values com puted with the experim ental data

This can easily  be done, since in  th e  d iffe ren tia l e q u a tio n  (24) to  be so lved  
th e  exp o n en ts , b o th  n I and  n3, eq u a l th e  u n ity  ( = 1 ) .  In te g ra tin g  th e  eq u a tio n  
w ith  th e  in itia l co n d itions

2 ( 0 ) =  20

x (0) =  0
У (0) =  о
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Fig. 3. C om puted  an d  m ea su re d  co n cen tra tio n s o f c a rb o n  d iox ide  belonging  to  d ifferen t c o n ta c t 
tim es an d  re ac tio n  tem p e ra tu re s . C arbon  d io x id e  fo rm ed  (m ole). C o n tac t tim e (s)

Table I

T e m p e ra tu re
°C

O bta in ed  b y  th e  m e th o d  o f  le a s t sq u a res

м * -ч

180 0.0700 0.0300
190 0.1000 0.0500
200 0.1089 0.1000
210 0.1600 0.1000
220 0.2260 0.1300
230 0.3000 0.1600
240 0.3800 0.2300
250 0.5000 0.2600
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we g e t

У  =
2zp

&1 +&3

Z =  z 0 ( l  — e- ( fcl + *3)<)

* =  --------^ 2 -------- (e-M  _  «-<*!+**>*)
f e i  —  f c 2  - f -  f e 3

( 1 _g -  (fci+кз )*)_______ 2z°^1
— ^ 2  “ f" ^ 3  " l-  * 3

(30)

(31)

1) (32)

f i g .  4. C om puted an d  m ea su re d  q u a n titie s  o f  e th y len e  co nverted , belonging to  d iffe ren t 
c o n ta c t  tim es and  re a c tio n  tem p e ra tu re s . E th y le n e  converted  (m ole). C o n tac t tim e  (s)

T he com puted  a n d  m easured  v a lu e s , respective ly , are  given in  F igs 2, 3 
a n d  4 . B y  these th e  accu racy  of th e  m e th o d  o u tlined  has been  p ro v ed , th e  
d e v ia tio n  of th e  c o m p u te d  an d  m easu red  values being w ith in  th e  e rro r  b a n d .

*
T he au tho rs ta k e  p lea su re  in  th an k in g  A cadem ic ian  M. Freund, d irec to r o f  th e  H u n 

g a r ia n  Oil and  Gas R esearch  In s t i tu te ,  and P ro fesso r A. László, h ead  o f th e  C hem ical E n g in eerin g  
D e p a r tm e n t of th e  U n iv e rs ity  o f Chem ical In d u s try ,  V eszprém , fo r th e ir  v a lu ab le  h e lp  in  
th is  w ork .

SU M M A R Y

In  physical c h e m is try  th e  prob lem  of ch eck in g  th e  correctness o f a d iffe ren tia l eq u a tio n  
b y  m ean s of ex p erim en ta l d a ta ,  and  of e s tim a tin g  i ts  p a ram ete rs , o ften  arises. I f  th e  d iffe ren 
t ia l  e q u a tio n  can n o t be  so lved  a n a ly tica lly , th e  so lu tion  of th e  above  p ro b lem  e n co u n te rs  
d ifficu ltie s .
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In  th e  p re se n t p a p e r  a  p ro ced u re  based  on th e  m eth o d  o f le a s t  squares is o u tlin ed  to  
solve th is  p rob lem . M inim izing th e  d ifference o f th e  c o m p u te d  an d  m ea su re d  values, th e  p a ra m 
e te rs  can be d e te rm in e d  e ith e r b y  solving th e  sy s tem  o f e q u a tio n s  o b ta in e d  b y  d iffe ren tia tin g  
accord ing  to  th e  single  v a riab le s , o r b y  d e term in ing  th e  e x trem e  v a lu e  d irectly .

The so lu tion  o f th e  ab ove  system  of eq u atio n s w as ach ieved  in  th is  w ork by  m eans o f 
a com puter. T he a p p lic a tio n  of th e  m eth o d  is show n in  th e  case o f a  p rob lem  of re ac tio n  
k in etics . The ra te  c o n s ta n t  a n d  re ac tio n  o rder o f th e  c a ta ly tic  o x id a tio n  o f e thy lene  w ere d e te r 
m ined  on th e  basis o f ex p erim en ta l d a ta  b y  m eans o f th e  m e th o d  o u tlin ed . T he ra te  eq u a tio n  
is given as a d iffe ren tia l e q u a tio n  th a t  c an n o t be so lved  a n a ly tic a lly  if  th e  reac tio n  o rd e r is 
also unknow n. W ith  th is  m e th o d  th e  reac tio n  o rd er an d  r a te  c o n s ta n ts  w ere d e term ined  on 
th e  basis of th e  cu rv e  o f th e  e th y len e  co n cen tra tio n  ve rsu s tim e . T h e  d ifferen tia l eq u a tio n  
w as solved w ith  th ese  co m p u ted  d a ta  an d  th e  so lu tion  o b ta in e d  w as co m p ared  w ith  th e  e x p e r
im e n ta l results.
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In tro d u c tio n

in the  p re se n t p ap er the  re su lts  o f a s tu d y  on th e  m olecular s tru c tu re  
o f  S 0 2C12 b y  th e  sec to r m ic ro p h o to m e te r e lec tron  d iffrac tion  m e th o d  are 
rep o rted .

R ecen tly  th e  m olecular s tru c tu re  o f S0.,C1N(CH3)2 was in v e s tig a te d  
using  th e  e lec tro n  d iffrac tion  sec to r m ic ro p h o to m e te r  m eth o d , w ith  th e  a im  
to  s tu d y  th e  geom etric  configura tion  o f th e  tr iv a le n t n itro g en  atom  an d  th a t  
o f th e  h e x av a len t su lp h u r a tom  [1]. A m ong  o th e rs , th e  value of th e  in te r-  
nu c lea r d istance  r(S  — Cl) 2.094 ±  0.01 Á w as o b ta in e d . U n fo rtu n a te ly , no 
sa tis fac to ry  com p ariso n  could be m ade b e tw een  th e  d e te rm in ed  value a n d  th e  
d a ta  pub lished  in  th e  lite ra tu re , p a r t ly  as th e re  are few  su ch  d a ta , an d  p a r t ly  
because of th e  co n trad ic tio n s  b e tw een  th e  ava ilab le  va lues. As ex am p les , 
T ab le  I shows som e resu lts  o b ta in ed  b y  P a l m e r  in  an  im p o r ta n t w ork ca rr ied

Table I

r ( S —C l) bond length data

C o m p o u n d r ( S — C l) .  A M e t h o d * R e f .

S 2C12 1.99 ±  0.03 V ED [ 2 ]

2.07 ±  0.01 SMED [3]
SC12 1.99 ± 0 .0 3 V ED [ 2 ]

2.006 ±  0.004 SM ED [4]

SO Cl2 2.07 ±  0.03 V E D [ 2 ]

S 0 2C12 1.99 ±  0.02 V ED [ 2 ]

* V E D : V isual m ethod of e lec tro n  d iffraction  

SM ED : Sector m ic ro p h o to m ete r m eth o d  of e lec tro n  d iffraction
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ou t 30 y ea rs  ago using  th e  v isual m e th o d  o f e lec tro n  d iffrac tion , a n d  tw o o th e r  
d a ta  o b ta in e d  la te r  b y  sec to r m ic ro p h o to m e te r electron  d iffrac tio n .

A s th e  S — Cl b o n d  len g th  w as fo u n d  to  be m uch longer in  th e  case o f 
S0.2C1N(CH3)2 th a n  in  su lp h u ry l ch lo ride , i t  seem ed desirable to  re p e a t th e  
e lec tron  d iffrac tio n  m olecular s tru c tu re  d e te rm in a tio n  of the  la t te r  com pound 
using  th e  sec to r m icro p h o to m ete r te c h n iq u e  a n d  least squares re fin em en t o f  
th e  p a ra m e te rs .

M ethod

T h e  su lp h u ry l chloride used  w as an  “ A u s tra n a l” p ro d u c t o f L oba-C hem ie, 
A u s tr ia .

F ig . 1. T o ta l  in te n s ity  cu rves o b ta in ed  b y  tw o  v a lu es o f nozzle—p la te  d is tan ce . T he b a c k 
g ro u n d  line  is show n

T h e e lec tron  d iffrac tion  p a t te rn  o f S 0 2C12 v ap o u r w as reco rd ed  w ith  an  
a p p a ra tu s  developed  from  a Zeiss E F 4  e lec tro n -o p tica l u n it in  th is  L a b o ra to ry . 
T he nozzle sy stem , cooled tra p  an d  p h o to g ra p h ic  cam era w ith  ro ta tin g  sec to r 
w ere describ ed  in  d e ta il elsew here [5]. A n r3 sec to r w ith  a m ax im u m  rad iu s  o f 
55 m m , and  tw o gas-nozzle to  p h o to g rap h ic  p la te  d istances o f a b o u t 285 m m , an d  
230 m m , resp ec tiv e ly , were used. T he w ave le n g th  o f th e  elec tron  b eam  was a b o u t 
0.053 Á . A to ta l  o f 14 e lec tronogram s w ere recorded , an d  tw ice  th ree  p la te s , 
a cco rd in g  to  tw o cam era  d istances, w ere chosen  for fu r th e r  e v a lu a tio n . T races  
o f  th e  o p tica l d e n s ity  o f th e  d iffrac tio n  p a t te r n  w ere o b ta in ed  u sin g  a Zeiss G i l l  
fa s t-p h o to m e te r , fo r w hich a sim ple device h a d  been  c o n stru c ted  th a t  o sc illa ted  
th e  p la te s , as i t  w as described  elsew here [6].

T he to ta l  in ten sitie s  o b ta in ed  a t  tw o  v alues of the  nozzle — p la te  d is tan ce  
a re  show n in F ig . 1. The b a ck g ro u n d  line w as draw n a rb itra r ily , try in g  to  
follow  th e  tre n d  o f th e  oscilla ting  cu rv e  an d  to  get a possib ly  “ sm ooth  ' line .
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V aria tions in  th e  b ack g ro u n d  line d id  n o t lead  to  a n y  considerable decrease 
o f  th e  e rro r w ave a t  th e  beg inning  o f th e  ra d ia l d is tr ib u tio n  curve (cf. F I  in 
F ig . 3).

Fig. 2. sM (s)  m o lecu la r in te n s ity  curves. M l — e x p erim e n ta l; М2 — corrected  e x p erim e n ta l; 
LQ — as o b ta in e d  from  least squares re fin e m e n t; М 2— LQ — difference curve

r,A
Fig. 3. f(r )  ra d ia l d is tr ib u tio n  curves. F I  — ca lcu la ted  from  M l;  F 2  — calcu la ted  fro m  М 2;

T  .— calcu la ted  from  th e  fin a l re su lts

The sM (s) m o lecu la r in te n s ity  curve M l in  F ig . 2 w as o b ta ined  in  th e  
usual w ay. I ts  F o u rie r- tran sfo rm , th e  F I  / ( r )  rad ia l d is trib u tio n  cu rve  is 
show n in Fig. 3. I n  th e  F o u rie r tra n sfo rm a tio n  th e  in n e r p a r t  of a th e o re tic a l 
sM (s) curve was u sed  fo r th e  range s =  0.0 to  4.4 Á -1 . I t  was checked t h a t  
th e  choice of th e  m o lecu la r m odel for w hich  th e  th e o re tic a l curve h ad  b een  
ca lcu la ted  and  th e n  used  in th e  ex tra p o la tio n , d id  n o t a ffec t the  position  o f  
th e  m ax im a on th e  / ( r )  curve.
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T h ere  is a sign ifican t e rro r  w ave in  th e  n o n -s tru c tu ra l ran g e  0.0 to  1.20 Á 
o f F I  ra d ia l  d is tr ib u tio n  (F ig . 3). C urve М 2 o f F ig . 2 w as o b ta in e d  b y  su b 
tra c t in g  th e  inverse F o u rie r-tran sfo rm  o f th is  e rro r wave from  M l. C urve М2 
ag a in  w as sub jec ted  to  F o u rie r- tra n s fo rm a tio n  and th is  led  to  F2 o f F ig . 3. 
T h is p ro ced u re  reduced  th e  e rro r w ave, b u t  d id  no t affect considerab ly  th e  
s tru c tu ra l  p a r t  of th e  ra d ia l d is trib u tio n .

Structural analysis

T h e  corrected  ex p e rim en ta l / ( r )  cu rv e  (F2, Fig. 3) h a d  m ax im a  a t 
r =  1.41 Á and  2.01 Á correspond ing  to  th e  in te rn u c lear d is tan ces  r(S — O) 
a n d  r(S  — Cl), respective ly . T he com pound  m ax im u m  in  th e  range o f 2.25 to  
3.40 Á  corresponds to  th e  in te rn u c lea r d is tan ces  r (0  . . . O), r(Cl . . . O) and  
r(Cl . . . Cl). The sm all p e a k  a t  abo u t 2.47 Á corresponds to  th e  f irs t o f  th e m , 
a n d  th e  second, w hich h as  th e  g rea te s t w e igh t, corresponds to  r(Cl . . . 0 )  
an d  i ts  p robab le  p eak  is a t  2.78 Á.

T h e  least squares re fin em en t o f th e  in te rn u c lea r d istan ces  an d  m ean  
a m p litu d e s  o f v ib ra tio n  w as carried  o u t on  th e  basis o f th e  co rrec ted  e x p e ri
m e n ta l sM (s)  values (see М2, Fig. 2 an d  T ab le  II) . The correspond ing  U ra l 2 
p ro g ram m es were w ritte n  [7] based  on th e  lite ra tu re  [8 —10].

I t  should  be m en tio n ed  th a t  n o n -n u c lea r  sca tte rin g  w as n o t ta k e n  in to  
acc o u n t.

T h e  tr ia l  s tru c tu re  (T able I I I ) ,  i.e. th e  in p u t p a ra m e te rs  in th e  least 
sq u a re s  re fin em en t, w as d raw n  from  th e  exp erim en ta l ra d ia l d is tr ib u tio n  
cu rv e  (F 2 , Fig. 3). A ssum ing  C2v sy m m e try  fo r th e  S 0 2C12 m olecule, fou r in te r 
n u c le a r  d istances w ere reg a rd ed  as in d e p e n d e n t (r) and  th e  f ifth  as d ep en 
d e n t  (d ). All five m ean  a m p litu d es  of v ib ra tio n  (1) were considered  in d ep en d en t. 
In  th e  course of th e  re fin em en t, th e  v a lu e  o f  1 (0  . . .  0 )  ap p ea red  to  be ir r a 
tio n a lly  sm all, so i t  w as fixed  (0.07 Á) a n d  no longer v a ried . T here  w as a 
b =  0.0024 value in  th e  w eigh t m a tr ix  u sed  in th is re fin em en t.

Results and their uncertainties

T he results o f th e  leas t squares re fin e m e n t are show n in T ab le  I I I .
T he s ta n d a rd  d ev ia tio n  of th e  le a s t squares re fin em en t is also p resen ted

here .
W hen  ca lcu la ting  th e  final u n c e rta in tie s  of the  p a ra m e te rs , th e  possible 

e rro rs  o f the  th eo re tica l ap p ro x im atio n  used  were n o t ta k e n  in to  acco u n t. 
(F ro m  th is  po in t o f v iew  th e  m ost s ig n if ic a n t error could arise from  th e  fac t 
t h a t  non -nuclear sc a tte r in g  was left o u t  o f considera tion . I t  is in te re s tin g  
t h a t  rep ea tin g  th e  le a s t squares re f in e m e n t of cyclopropane [10] u sing  the
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T a b l e  I I

sM (s )  values o f  the curve М 2  (F ig . 2 )

s, Á-1 sM(s) ,, A -' ’Щ’) S, Á-1 sM(s)

4.6 0.256 12.4 - 0 .2 7 3 20.2 —0.054

4.8 0.282 12.6 -0 .1 7 1 20.4 - 0 .1 3 0

5.0 0.190 12.8 - 0 .0 3 9 20.6 - 0 .2 1 9

5.2 0.110 13.0 0.073 20.8 — 0.301

5.4 0.027 13.2 0.196 21.0 — 0.344

5.6 - 0 .0 5 7 13.4 0.296 21.2 - 0 .3 5 2

5.8 — 0.154 13.6 0.355 21.4 - 0 .3 4 1

6.0 - 0 .1 8 2 13.8 0.375 21.6 - 0 .3 1 1

6.2 — 0.071 14.0 0.334 21.8 - 0 .2 7 3

6.4 0.116 14.2 0.254 22.0 — 0.182

6.6 0.310 14.4 0.107 22.2 - 0 .0 6 5

6.8 0.440 14.6 - 0 .0 1 4 22.4 0.027

7.0 0.448 14.8 - 0 .1 4 2 22.6 0.160

7.2 0.364 15.0 - 0 .2 4 0 22.8 0.272

7.4 0.123 15.2 - 0 .3 1 6 23.0 0.337
7.6 - 0 .0 0 7 15.4 - 0 .2 4 3 23.2 0.330

7.8 — 0.134 15.6 - 0 .1 0 6 23.4 0.274

8.0 - 0 .3 7 4 15.8 0.035 23.6 0.163

CO - 0 .5 2 7 16.0 0.197 23.8 0.036

8.4 -  0.554 16.2 0.261 24.0 - 0 .1 1 2

8.6 - 0 .4 8 8 16.4 0.247 24.2 - 0 .1 9 9
8.8 - 0.353 16.6 0.177 24.4 - 0 .2 5 5

9.0 - 0 .1 7 4 16.8 — 0.006 24.6 - 0 .2 5 0

9.2 0.060 17.0 - 0 .1 7 1 24.8 - 0 .1 9 4

9.4 0.275 17.2 - 0 .3 0 6 25.0 - 0 .1 0 6

9.6 0.474 17.4 - 0 .3 9 2 25.2 — 0.009
9.8 0.549 17.6 - 0 .4 1 2 25.4 0.055

10.0 0.578 17.8 - 0 .3 4 8 25.6 0.121

10.2 0.505 18.0 - 0 .2 4 9 25.8 0.135

10.4 0.429 18.2 - 0 .0 5 9 26.0 0.072

10.6 0.275 18.4 0.060 26.2 0.023

10.8 0.038 18.6 0.233 26.4 0.036

11.0 - 0 .0 8 3 18.8 0.352 26.6 - 0 .0 9 7

11.2 - 0 .2 2 9 19.0 0.415 26.8 - 0 .1 0 5

11.4 — 0.343 19.2 0.448 27.0 - 0 .0 6 7
11.6 - 0 .4 1 2 19.4 0.400 27.2 — 0.019

11.8 — 0.456 19.6 0.256 27.4 0.076

12.0 — 0.425 19.8 0.161 27.6 0.184

12.2 - 0 .3 6 4 20.0 0.037
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sam e se t o f in te n s ity  v a lu e s  an d  tr ia l s tru c tu re  as in  [10], th e  in te rn u c lea r 
d istan ces  ob ta in ed  in  th is  p rocedure  d iffered  fro m  th o se  o f [10] v e ry  little , 
n am ely  below  0.001 Á  in  d iffe ren t d irec tions, b u t  in  th e  case o f th e  m ean  
a m p litu d es  of v ib ra tio n  th e  difference was 0.01 Á  in  th e  o rd e r of m ag n itu d e , 
an d  ap p lica tio n  of th e  w orse th eo re tica l a p p ro x im a tio n  decreased  th e  m ean  
am p litu d e  values.)

Table III

R esu lts o f  the least squares refinem ent

Trial structure Results

r ( S - O ) 1.414 1.4090 ±  0.0018
r ( S - C l ) 2.010 2.0108 ±  0.0015

*4 о о 2.470 2.4853 ±  0.0113
r(C l. . .O ) 2.784 2.7831 ±  0.0031

d ( C l . . .C l ) 3.122 3.0810

/(S—O) 0.036 0.0327 ±  0.0038

l ( S - C l ) 0.048 0.0449 ±  0.0025оо
0.070 0.07 (assum ed)

Q о 0.066 0.0696 ±  0.0033

/ ( C l . . .C l) 0.100 0.1090 ±  0.0097

In  add ition  to  th e  s ta n d a rd  dev ia tio n  o f  th e  leas t squares refinem en t, 
th e  scale erro r was ta k e n  in to  accoun t. The im p o r ta n t  fe a tu re  o f these  re la tiv e  
e rro rs, i.e. th e ir  a p p ro a c h in g  eq u a lity

cr (s) a * a s ( r ,7)  ^  ÍTS ( l t j )

4 л. . #
----- sin —

A 2
sc a tte r in g  angle. er(s) w as ca lcu la ted  accord ing  to  th e  expression

a (s) =  [a2 (A) +  a 2 (L) +  a 2 (m )]‘A

w here L  =  th e  n o zz le— p la te  d istance , an d  m =  th e  m agn ify ing  fac to r of th e  
m icropho tom eter. (T1C1 serv ed  as a c ry s ta l s ta n d a rd , an d  a Zeiss A bbe com 
p a ra to r  an d  a KM -6 c a th e to m e te r  were u sed  fo r th e  m easu rem en ts o f T1C1 
d iffrac tio n  rings an d  nozzle  — p la te  d istances, re sp ec tiv e ly .)  A v alue  o f a(s) ^  0.2 
w as de te rm ined , so crs( r ü) ^  a s{hj) ^  0 .02% .

In  th e  case o f in te rn u c le a r  d istances, th is  scale e rro r is com m ensurable 
w ith  th e  s ta n d a rd  d e v ia tio n  of th e  least sq u ares  re fin em en t and  it  was added

th e  w ave len g th , an d  $  =  th ewas u tilized  [11], w here
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to  it. On th e  o th e r h a n d , th e  scale e rro r, being  m uch  less th a n  th e  s ta n d a rd  
d ev ia tio n  in  th e  case o f th e  m ean  am p litu d es  o f v ib ra tio n , w as n eg lec ted  in  
th e  case o f th e  am p litu d es .

The fin a l resu lts  are show n in T ab le  IV .

Table TV

F ina l results

r, A 1, A angles

S - 0 1.409 ±  0.005 0.033 ±  0.004

S -C l 2.011 ±  0.006 0.045 ±  0.003

O .. .0 2.485 ±  0.016 0.07 (assum ed)

CL . .0 2.783 ±  0.009 0.070 ±  0.003

C l.. .Cl 3.08 ±  0.04

OSO 123 ±  2°

OSC1 107.6 ±  0.6°

C1SC1 100 ±  2°

Comparison o f the results with other data

O ur resu lts  o b ta in ed  b y  th e  sec to r m ic ro p h o to m e te r m eth o d  using  leas t 
squares re fin em en t are in  ag reem en t w ith  P a l m e r ’s d a ta  [2 ], if  we consider 
th e  g re a t u n c e rta in ty  o f th e  v isu a l m e th o d .

T he r(S —O) in te rn u c le a r  d is tan ce  in  S 0 2C12 is a lm o st equal to  t h a t  in 
S 0 2F 2, w here r(S —0 ) 1.405 ^  0 .003  Á  o b ta in e d  b y  m icrow ave sp ec tro sco p y  
[12], an d  less th a n  th a t  in  S 0 2C1N(CH3)2 (1 .44  0.01 Á) [1] an d  in S 0 2(N (C H 3).,).,
c ry s ta l (1 .449  an d  1.441 ^  0 .005  Á) [13]. T he bo n d  angle value OSO 123 ^  2° 
in S 0 2C12 corresponds to  t h a t  in  S 0 2F 2 (1 2 3 °5 8 ' ^  1 2 ')  [12].

T he len g th en in g  o f  th e  r(S — O) in te rn u c le a r  d istance  o b served  in  
S 0 2C1N(CH3)2 m ay  be p a r t ly  due to  th e  effect o f th e  su b s titu tio n  of a ch lorine 
a to m  in S 0 2C12 b y  a N (C H 3)2 g roup , h u t th e  p rob lem  requ ires fu r th e r  s tu d ies .

*

T he a u th o r  th an k s  Prof. S. L e n g y e l  an d  D r. L. V. V ilk o v  fo r th e ir  in te re s t  an d  e n co u r
agem en t. H is th an k s  a re  also due  to  m a th e m a tic ia n s  M r. J .  Ge r g e l y  an d  G. K oszó , w orkshop  
fo rem an  M r. J .  H e r n á d i, m ech an ic ian  M r. L. H a k l ik  an d  L ab o ra to ry  a ss is ta n t M rs. J .  
Szilá g y i fo r th e ir  v a luab le  c o n tr ib u tio n  th ro u g h o u t th e  course o f th is  w ork.
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SUM M ARY

T h e  m olecu lar s tru c tu re  o f SO,CL w as s tu d ied  b y  th e  sec to r m ic ro p h o to m e te r e lectron  
d iffra c tio n  m eth o d . U sing  le a s t  squares re fin e m e n t, th e  follow ing bond  len g th s an d  angles 
w ere d e te rm in e d : r(S — O) 1.409 ±  0.005 Á ; r(S — Cl) 2.011 +  0.006 Á ; -£OSO 123 ±  2° 
and  <£OSCl 107.6 ±  0.6°.

R E F E R E N C E S

1. V il k o v , L. V., H a r g it t a i, I .:  A cta Chim. A cad . Sei. H ung . 52, 423 (1967).
2. P a l m e r , K. J . :  J .  A m . Chem . Soc. 60, 2360 (138).
3. H ir o t a , E .: Bull. Chem . Soc. J a p a n , 31, 130 (1958).
4. M o r in o , Y ., Mu r a ta , Y ., I to , T., N a ka m ura . J . :  J .  P h y s . Soc. J a p a n  17, Suppl. B -II , 37

(1962).
5. H a r g it t a i, I .,  H e r n á d i, J . ,  T r em m el , J . :  J e n a e r  R u n d sc h a u  13, 3 (1968).
6. H a r g it t a i, I., H e r n á d i , J . :  J e n a e r  R u n d sc h a u , in  th e  press.
7. G e r g e l y , J . :  To b e  pub lished .
8. H e d e e r g , K ., I w a s a k i, M.: A cta  C ryst. 17, 529 (1964).
9. I w a s a k i, M., F r it s c h , F . N ., H e d b e r g , K .: A c ta  C ryst. 17, 533 (1964).

10. B a s t ia n s e n , O., F r it s c h , F . N ., H e d b e r g , K .: A c ta  C ryst. 17, 538 (1964).
11. V il k o v , L. V .: Z h u rn a l s tru k tu rn o i kh im ii, 5, 809 (1964).
12. L i d e , D . R ., Ma n n , D. E ., F ristro m , R. M.: J .  Chem . P h y s . 26, 734 (1957).
13. J o r d a n , T ., Sm it h , H . W ., L o h r , L. L., J r . ,  L ipsc o m b , W . N .: J .  A m . Chem. Soc. 85,

846 (1963).

I s tv á n  H a r g i t t a i ; B u d ap est, V I I I .  P u sk in  u tca  11 —13

Acta  Chim. Acad. Sei. Hung. 57, 1968



Acta Chimica Academiae Scientiarum Hungaricae Tomus 57 (4), pp. 411—423 (1968)

NH STRETCHING VIBRATION BANDS 
AT WAVE NUMBERS LOWER THAN 3000 cm '1, V*

CYCLIC D IM E R IC  ST R U C T U R E S , V. Q U IN A Z O L O N E  D E R IV A T IV E S

P . SOHÁR and I . K Ó SA

(R esearch Institu te  fo r  P harm aceutical C hem istry , and Chinoin  
Pharmaceutical and Chemical Co., B udapest)

R eceived N o vem ber 21, 1967 

Introduction

In  th e  course  o f  fo rm er s tu d ies  [1] i t  was fo u n d  th a t  p h tlia ly lh y d raz id e  
(Ic -  Ha -  I lia )  a n d  its m ono-acy la tes (lib  -  IH b), fu r th e r  d ih y d ro p h th a l-

a :R = O H  
b :R  =O A c 
c :R = H

azone ( lie  Ш с ), qu inazo lined ione (IVa) as well as its  3 -N -su b s titu te d  
deriv a tiv es  (IVb) assoc ia te  to  fo rm  cyclic d im eric  s tru c tu re s  in th e  so lid  
phase . In  ev idence o f  th is , th e  diffuse N H  s tre tc h in g  v ib ra tio n  b an d  w ith  s u b 
m ax im a  appears a t  v e ry  low w ave n u m b ers , b e tw een  3300 and  2400 c m -1 
[2 — 4]. In  th e  s p e c tra  of these com pounds m en tio n ed  above, the  am id e-I 
b a n d  in  coalescence w ith  the  C —N s tre tc h in g  v ib ra tio n  b a n d  is found  a t a b o u t 
1670 c m -1 , and  i t  is v e ry  in tensive  and  b ro ad .

I t  seem ed in te re s tin g  to  exam ine w h e th e r 4 (3H )-quinazolinone an d  its 
deriva tives [5] a re  also capable to  form  assoc ia ted  cyclic s tru c tu res .

* P a r t  IV: S o h á r , P ., N e m e s , A.: A c ta  Chim. A cad. Sei. H ung . 5 6 , 25 (1 9 6 8 )
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О

О

н а :К  =  Н
I alkyl

Н
, ; R = l a r y l  ^ rOUP

О

О

IV

4(3H )-Q uinazolinone derivatives

l n  S p ec tru m  1, th a t  o f 4 (3H )-qu inazo linone  (Y), th e  N H  s tre tc h in g  v i
b ra tio n  (rN H ) ban d  is v e ry  d iffu se ,sp lit b y  su b -m ax im a, and  ab so rp tio n  ex ten d s  
from  3300 to  2300 c m -1 . T h u s, cyclic d im eric  association  is p re se n t in  th is  case,

to o , th o u g h  n o t exclusively . T he p a r t  o f th e  rN H  b an d  in  th e  reg ion  3300 3000
c m -1  is c e rta in ly  in d ica tiv e  of m olecules th a t  form  sim ple in te rm o le c u la r  
h y d ro g e n  bonds; as co m p ared  to  d ih y d ro p h th a lazo n e , th e  ra tio  o f these 
tw o  k in d s  o f association  is sh ifted  to w a rd s  th e  la t te r  ty p e . S till m ore d is tin c t 
is th is  sh if t in th e  case o f th e  7 -n itro , o r 6,8-dichloro analogues (cf. S p ec tra  2 
an d  3).

E a rlie r , we have  lis ted  th e  p re req u is ite s  of th e  fo rm atio n  o f cyclic d im eric 
asso c ia tio n s [3, 4], of w hich, for la c ta m s , f ir s t  place has been g iven  to  th e  ch em 
ical c h a ra c te r  of th e  am ide group a n d  its  consequen t ten d en cy  to  form  h y d ro 
gen b o n d s . O bviously , ow ing to  th e  sh if t tow ards lim itin g  s tru c tu re  VI o f 
th e  V I -n- VII m esom eric sy stem , th is  te n d e n c y  is sm aller in  th e  4 (3H )-qu inazo -

O

V

VI VII
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linone d e riv a tiv e s . T he c ircu m stan ce  th a t  th e  lim itin g  s tru c tu re  VI has a 
g re a te r  role in  4 (3 H )-qu inazo linone  th a n  in  d ih y d ro p h th a lazo n e  is due to  th e  
fa c t  th a t  on ly  th e  — I  e ffect o f th e  C = N  b o n d  affects th e  am ide group  in  th e  
fo rm er while th e  - \-T  e ffect o f th e  n itro g en  a to m  a d ja c e n t to  th e  am ide group  
la rge ly  com pensates th e  — I  effect o f th e  C = N  b o n d  in  th e  la t te r  [5].

This is v e ry  c learly  show n b y  th e  freq u en cy  increase  o f th e  am id e-I 
b a n d  w hich, s e p a ra te d  from  th e  C = N  s tre tc h in g  v ib ra tio n  ( rC = N )  b a n d  th a t  
ap p ears  in v a ria b ly  a t  1670 c m -1 , is found  here  a t  1710 c m -1 . Since th is  w ave 
n u m b e r has to  be consid ered  h igh  even fo r a c o n ju g a ted  k e to n e , i t  m ay  be 
s ta te d  th a t  in  th e  in s tan ce  o f 4 (3H )-qu inazo linone, th e  m esom eric lim itin g  
s tru c tu re  VI p re d o m in a te s , an d  is co n seq u en tly  a tru e  re p re se n ta tio n  of th e  
e lec tro n  d is tr ib u tio n  in  th e  m olecule.

3 8 0 0  3 6 0 0  340 0  320 0  3 0 0 0  2 8 0 0  2 6 0 0  2 40 0  2 2 0 0  2 0 0 0  180o  1600 140 0  1200 1000 8 0 0  70 0  6 0 0  5 0 0
cm -1,

Spectrum  1. 4 (3H )-Q uinazo linone, in K B r

3 8 0 0  3 6 0 0  3 400  3 2 0 0  3 0 0 0  2 8 0 0  2 6 0 0  2 400  2 2 0 0  2 0 0 0  1800 1 600  1 400  1200 1000 8 0 0  7 0 0  6 0 0  5 0 0
sra-1

Spectrum  2. 7 -N itro -4 (3H )-qu inazo linone, in K B r

3 8 0 0  3 6 0 0  3400 3 2 0 0  3 0 0 0  2 8 0 0  2 6 0 0  2 4 0 0  2 2 0 0  2 0 0 0  1800 1600 1400 1200 1000 8 0 0  7 0 0  6 0 0  5 0 0
cm-1

Spectrum  3. 6 ,8”E )ichloro-4(3H )-qm nazolinone, in  K B r
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C learly , the  e lec troph ilic  s u b s ti tu e n ts  of th e  condensed  a ro m a tic  ring  
e x e rt an  effect in th is  sam e d irec tion , how ever, since m esom erism  is p rac tica lly  
im possib le  even in th e  p a re n t  com pound , th e  frequency  of th e  am ide ca rb o n y l 
b a n d  w ill no t increase a n y  fu r th e r  in  th e  sp ec tra  o f th ese  d e riv a tiv e s , an d  a 
sh if t in  th e  sam e d ire c tio n  o f th e  r C = N  b a n d  will occur (th e  CN b o n d  o rd e r 
w ill b e  increased). A cco rd ing ly , th e  vC =  0  an d  r C = N  b an d s  o f th e  7 -n itro  
d e r iv a tiv e  will overlap  a n d  th e ir  com m on m ax im u m  will be found  a t 1695 cm -1 . 
T he com m on m ax im u m  o f th e  coalescen t b a n d  in th e  case o f th e  6,8-dichloro  
co m p o u n d  appears a t  1710 c m -1 . A t th e  sam e tim e , th e  ra tio  o f th e  m olecules 
p re se n t in  simple in te rm o lecu la r  a ssoc ia tion  is increased a t th e  expense o f th e  
m olecules involved in cyclic dim eric s tru c tu re s .

T h u s , in  the  case o f  th e  4 (3H )-qu inazo linone m olecule th e  C — N  and  
N — H  bonds p a r tic ip a te  w ith  an  a m p litu d e  m uch sm aller th a n  th e  u su a l in 
th e  g ro u p  v ib ra tio n  e x te n d in g  over th e  C =  0 ,  C — N an d  N — H  bonds (resu ltin g  
in  th e  appearance  o f th e  am id e-I b a n d  in  th e  sp rec tra  o f am ides), an d  th ere fo re  
th e  a b so rp tio n  a t 1710 c m ^ 1 can be a p p ro x im a te ly  assigned to  th e  in d iv id u a l 
v ib ra tio n  of the  C = 0  b o n d : th is  v ib ra tio n  regains its  specific b o n d -freq u en cy  
c h a ra c te r . This p h en o m en o n  is s im ila r to  th e  frequency  increase fo u n d  w ith  
seco n d ary *  am ides (im ides); in  w hich , how ever, th e  tw o ca rb o n y l v ib ra tio n s  
a re  a lso  coupled, so t h a t  in s tead  o f in d iv id u a l rC =  0  v ib ra tio n s  a sym m etric - 
an tisy m m e tric  (rsC = 0  an d  r asC = 0 )  p a ir  o f v ib ra tio n s  will ab so rb , sh ifted  
b y  a n  equal degree fro m  th e  orig inal r C = 0  frequency  v alue  to w ard s h igher 
an d  low er wave n u m b ers .

4 (3H )-Q uinazolinone m ay be reg a rd ed  as a “ seco n d ary ” am ide w here 
one oxygen  atom  in  th e  CONCO group  has been rep laced  b y  n itro g en . T his 
p rec lu d es  coupling w ith  th e  r C = 0  v ib ra tio n  (the  freq u en cy  values are  d iffe r
e n t) ;  fu rth e rm o re , th e  increase o f th e  t'C =  0  frequency  is sm aller th a n  for 
se c o n d a ry  am ides, since th e  — I  e ffect o f  th e  C = N  bo n d  is sm aller th a n  th a t  
o f  th e  C = 0  group.

4(3H )-Q uinazolinone acylates

In  order to o b ta in  fu r th e r  ev idence , th e  sp ec tra  of 4 (3H )-qu inazo linone 
a c y la te s  have also b een  stud ied .

\N H —

M il

,O H

" 4 ,N —
IX

* In  co n tra st w ith  th e  accep ted  a n d  inco rrec t use w hich  d esignates N -su b s titu ted  
p r im a ry  am ides o f th e  ty p e  — CO— N H R  as seco n d ary  am ides, we use  th e  la t te r  te rm  to 
d e n o te  com pounds w ith  — CO— N — C O - group . In  th is  sense com pounds of th e  ty p e  
R ,C O N (C O R 2)COR3 a re  te r t ia ry  am ides, a n d  th o se  of ty p e  R C O N R jR ., a re  N ,N -d isu b s titu te d  
p r im a ry  amides.
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A cety la tio n , and  b e n zo y la tio n  gave th e  N -acyl d e riv a tiv e s  of d ih y d ro - 
p h th a lazo n e  [1 ,6 ]. G rea te r  p ro b a b ili ty  o f  th e  m esom eric lim itin g  s tru c tu re  VII 
fav o u rs  fo rm atio n  of O -acy l d e riv a tiv e s , because th is  b rin g s a b o u t a sh ift 
to w ard s  th e  im ino h y d rin  fo rm  IX o f th e  VIII ;± IX ta u to m e r ic  equ ilib rium  
w hich , in th e  case of am ides, is g en era lly  com pletely  sh if te d  to w ard s s tru c tu re  
VIII. T h u s if  ou r assu m p tio n  a b o u t th e  re la tiv e ly  low c o n tr ib u tio n  o f s tru c tu re  
IX  in  4 (3H )-quinazolinone is co rrec t, th e  exclusive fo rm a tio n  of N -acy l co m 
p o u n d s is to  be expected , an d  cleavage o f th e  acyl g roup  shou ld  be a read ily  
occu rrin g  reaction .

О О

a : К =  Me 
b: R =  Ph

X

T his is indeed th e  fa c t. B o th  th e  acy la te  (Xa) a n d  b en zo a te  (Xb) of 
4 (3H )-qu inazo linone are u n s ta b le  N -acy l com pounds w h ich  can be used  as 
a c y la tin g  agen ts in p re p a ra tiv e  ch e m is try  [5]. The fac t t h a t  N -acy l com pounds 
are  fo rm ed , is su p p o rted  b y  th e  p resence  of the tw o c a rb o n y l bands in  th e  
sp e c tra . In  th e  case of O -acyl co m pounds (XI), only th e  c a rb o n y l b a n d  o f th e  
im in o h y d rin  e ste r group w ould  a p p e a r. T he rC = N  v ib ra tio n s  w ould  abso rb  
to g e th e r  w ith  th e  a ro m atic  rin g  v ib ra tio n s  a t  abou t 1600 a n d  1500 c m -1 , 
th u s  th e  rC =  N  v ib ra tio n , c o n seq u en tly  th e  vC =  N h an d , could  n o t be d iscerned  
se p a ra te ly .

О
II

W h e th e r ester bands a p p e a r  o r n o t, c an n o t be decided  in  th is  case, since 
th e  rasC =  0  b an d  correspond ing  to  s tru c tu re  X and  th e  vC =  0  b an d  o f th e  
im in o h y d rin  e s te r group o f s tru c tu re  XI are  expected  to  a p p e a r  in ab o u t th e  
sam e range  o f w ave nu m b ers; be tw een  1300 an d  1200 c m “ 1, w here  th e  a b so rp 
tio n  o f one of th e  in tensive vC — О coup led  v ib ra tio n s of e s te rs  is found , s tro n g  
a b so rp tio n  m ay  be ex p ec ted  also b y  s tru c tu re  X, co rresp o n d in g  to  th e  
i’CAr—C( =  0 )  v ib ra tio n . H ow ever, since th e  b an d  of th e  tw o  coup led  ca rb o n y l 
v ib ra tio n s  ap p ears  bo th  in S p ec tra  4 a n d  5 (a t 1750 and 1705 c m -1 for a c e ta te s ,
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an d  a t  1725 and  1700 c m -1  fo r b enzoa tes), th e  p e rtin en ce  o f  s tru c tu re  X can 
h a rd ly  be  doub ted . T h e  m ean  values of th e  rasC = 0  a n d  r sC =  0  frequencies 
are  1727.5 and  1712.5 c m “ 1, respective ly . (These w ould  b e , app ro x im ate ly , 
th e  figu res for th e  in d iv id u a l and  n e a rly  id en tica l tw o  r C = 0  frequencies 
w ith o u t coupling. T h e y  a re  n o t ex ac tly  th e  sam e, because th e  tw o carbonyls 
are  n o t  eq u iva len t ow ing  to  th e  d iffe ren t s tru c tu re s  o f  th e  os-substituents,

Spectrum  4. N -A cety l-4(3H )-qu inazo linone, in  K B r

3 8 0 0 3 6 0 0  3400 3200 3 0 0 0  2 8 0 0  2 6 0 0  2400 2 2 0 0  2 0 0 0  1 8 0 0 1 6 0 0  1 4 0 0 1 2 0 0  1000 8 0 0  70 0  6 0 0  500
cm"1

9 0
8 0
7 0
6 0
5 0
4 0
3 0
20
10

Spectrum  5. N -B enzoyl-4(3H )-qu inazo lm one, in  K B r

especia lly  in the  case o f  N -acety l-4 (3H )-qu inazo linone.) T h e  frequency  increase 
due to  th e  — I  effect o f  th e  su b s titu e n ts  is especially  c learly  discernible if  these  
m ean  values are co m p ared  w ith  those fo u n d  fo r th e  7 -n itro - , an d  6,8-dichloro- 
N -ace ty l-4 (3H )-qu inazo linone  deriv a tiv es  g iv ing  1730, a n d  1732.5 cm “ 1, resp ec
tiv e ly  (the  frequency  o f  th e  v ib ra tio n -p a ir  vasC = 0  — vsC =  0  is 1760—1700, 
a n d  1750 — 1715 c m “ 1, resp ec tiv e ly ; cf. S p ec tra  6, a n d  7).

I t  m ay be n o te d  th a t  th e  — I  e ffect o f  th e  —C =  N b o n d  is also p a r tly  
responsib le  for th e  re la tiv e ly  high ca rb o n y l frequencies; in  v iew  of th is , s tru c 
tu re  X could be co n sid e red  as a “ te r t ia ry  am id e”  w here in  th e  oxygen a to m  o f 
one o f th e  carbony l g ro u p s  has been rep laced  b y  n itro g e n . In  system s w here 
th re e  carbonyl g roups are  linked  to  th e  sam e n itro g e n  a to m  and  none is 
c o n ju g a te d  ( te r tia ry  am id es w ith o u t a doub le  bond  a t  oc-position), especially  
in  cyclic s tru c tu res  w h ere  rin g  s tra in  also increases th e  frequenc ies , th e  coupled  
c a rb o n y l b and  o f h ig h e s t frequency  ap p ears  a t  v e ry  h ig h  wave n u m b ers  
(be tw een  1850 an d  1780 c m “ 1 [6, 7]).
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Spectrum  6. N -A cety l-7-n itro -4 (3H )-qu inazo linone, in K B r

9 0  
s5 8 0

s 70
-Д 6 0  
-  5 0

S  30  
™ 20 

10 Gy 3656

LiF NaCI K B r

Ш

I
9 0
8 0
7 0
6 0
5 0
40
3 0
20
10

3 8 0 0  3 6 0 0  3400 3 200  3 0 0 0  2 800  2 6 0 0  2 400 2 2 0 0  2 0 0 0  1800 1600 1400 1200 1000 8 0 0  7 0 0  6 0 0  5 0 0

Spectrum  7. N -A cety]-6 ,8 -d ich loro-4(3H )-qu inazo linone, in  K B r

3 -Hydroxy- and 3-acyloxy-4(3H )-quinazolinone derivatives

G re a t in te re s t is a tta c h e d  to  a s tu d y  o f th e  3 -h y d ro x y  (X lla ) an d  3-acyl- 
oxy  (X llb ) d e riv a tiv e s  o f 4 (3H )-qu inazo linone. In  S p ec tru m  8, th a t  o f  3 -hy- 
d roxy-4 (3H )-qu inazo linone, th e  c o m p a ra tiv e ly  low w ave n u m b e r of th e  carb o -

a :R  =  H  Q =  H
b : R =  Ac Q = H  
c :R  =  H У =  Me
d :R  =  H Q = P 1 ,

L iF  NaCI K B r

S p ectrum  8. 3 -H ydroxy-4 (3 H )-q u in azo lin o n e , in  K B r
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n y l f req u en cy  an d  th e  re la tiv e ly  h igh  w ave n u m b e r  o f th e  vC— N  b a n d  (the  tw o 
co a lescen t ab so rp tio n s em erge w ith  a m ax im u m  a t  1690 c m -1 ) speaks for th e  
in te rn a l  ionic s tru c tu re  X III , to g e th e r  w ith  th e  ab so rp tio n  ex ten d in g  betw een

0 0  H

lg
II / \ e

A  INI X

A fOl '

H

XIII XIV

3000 a n d  1800 c m -1  w hich  is a too  low  w ave n u m b er fo r a rO H  b a n d  b u t  is 
v e ry  s im ila r to  a b a n d  ch a rac te riz in g  th e  i>(=N  + H ) v ib ra tio n . А Ю Н  b an d  
w ith  th is  s tru c tu re  can  be ex p ec ted  on ly  in  th e  sp ec tra  o f  ch e la tes , o r in th e  
fo rm a tio n  o f an  o x o n iu m  ion. H ow ever, th e  hyd ro g en  b o n d  o f s tru c tu re  XIV 
does n o t  give rise to  a chela te  b a n d , as ev idenced , e.g., b y  th e  sp ec tra  o f 
h y d ro x y fla v a n o n e  d e riv a tiv e s  [8]. In  th e  sp ec tru m  of 5 -liy d ro x y  d e riv a tiv es  
o f s tru c tu re  XV a diffuse rO H  a b so rp tio n  a t  low  w ave n u m b ers  (called th u s  
a “ ch e la te  b a n d ” ) is fo u n d , while in  th e  sp e c tra  o f 3 -h y d ro x y  com pounds o f 
s tru c tu re  XVI th e  rO H  b a n d  a t a b o u t 3300 c m -1 has re la tiv e ly  well defined  
c o n to u rs , th u s  th e  p resence of a “ ch e la te  b a n d ”  is com plete ly  excluded.

/Н
0  0 е1 1 О н о н

é A € Ó
А

(g А»'°>
и

p i ,
XV XVI XVII

O n th e  o th e r  h a n d , if  s tru c tu re  X V II w ere p re sen t, th e  frequency  o f th e  
c a rb o n y l b a n d  w ould  be low ered, th u s  also th is  p o ssib ility  m ay  co n fid en tly  
be re je c te d .

S tru c tu re  X III  is su p p o rte d  b y  th e  fa c t th a t  in  S p ec tru m  9, th a t  of th e  
2 -m e th y l analogue (X IIc), th e  frequenc ies an d  shapes o f th e  rO H  an d  th e  
coalesced  r C = 0  an d  r C = N  b an d s  are  u n ch an g ed , w hile in  th e  case o f th e  
2 -p h en y l d e riv a tiv e  (X lld ) (S p ec tru m  10) sign ifican t d ev ia tio n s are fo und . 
T h is la t te r  effect is co nnec ted  w ith  th e  co n ju g a tio n  o f th e  N  + H = C  b o n d . 
I f  th e  h y d ro x y l g roup  were a tta c h e d  to  th e  n itro g en  a t  position  3 (X lla ) , 
su b s ti tu t io n  on th e  C-2 a to m  w ould  n o t  p e rcep tib ly  a ffec t th e  s tru c tu re  
o f  th e  rO H  b an d .

T he changes in  th e  sp ec tru m  o f th e  h y d roch lo ride  can  also be ad d u ced  
in  ev idence  fo r s tru c tu re  X III. In  th e  sp e c tra  of th e  hyd roch lo rides p rep a red  
from  th e  th ree  h y d ro x y -4 (3 H )-q u in azo lin o n e  com pounds (S pec tra  11, 12 and

Acta Chim. Acad. Sei. Hung. 57, 1968



SOHÁR, KOSA: M l STRETCHING VIBRATION BANDS, V 419
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Spectrum  9. 2 -M ethy l-3 -hydroxy-4 (3H )-qu inazo linone , in  K B r
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Spectrum  10. 2 -P hen y l-3 -h y d ro x y -4 (3 H )-q u in azo lin o n e, in  K B r

13) th e  carbony l b a n d  is shifted in  b o th  cases to w ard s  th e  h igher, a n d  th e  
v C = N  b an d  to w ard s  th e  lower w ave n u m b e rs , to  a considerab le  degree (th e  
com m on m axim a o f th e  tw o bands o f  th e  bases are  fo u n d  a t  1695, 1690, and  
1670 c m “ 1, re sp ec tiv e ly ; for the  s a lts  th e  m ax im a, sh ifted  in th e  o p p o site  
d irec tio n  an d  th e re fo re  separa ted , a re  to  be seen a t  1735 an d  1655, 1750 a n d  
1650, 1745 an d  1640 c m -1 , respec tive ly ).

I f  s tru c tu re  X II  fo rm ed  in th e  case o f  th e  bases, sh ifts  in  th e  sam e d ire c 
tio n  (tow ards h ig h e r w ave num bers) o f  th e  v C = 0  a n d  rC =  N  b an d s  w o u ld  
occur, a n d  th e  m a g n itu d e  of the  sh if t sh o u ld  be g re a te r  in  th e  case o f  th e  
r C = N  b an d . F o r, w h en  a C = N  b o n d  is p ro to n a te d , its  o rd er is in c re a se d ; 
th is , in  general, g ives rise  to  an increase  b y  20 to  60 c m “ 1 in  th e  freq u en cy  o f  
th e  v C = N  b a n d  [9], obviously  in consequence  o f th e  sh if t to w ard s X V III 
in  th e  m esom eric sy s te m  XVIII X IX . ( In  th e  b ase , th e  lim iting  s tru c tu re  
X IX  p red o m in a tes  b ecau se  of the  - \-T  e ffec t o f th e  n itro g e n  a tom , while a f te r

e  e 
C -N —

Will MX
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3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 800 700 600 500
c m " 1

Spectrum  11. 3 -H ydro x y -4 (3 H )-q u in azo lin o n e  h y d roch lo ride  in  K B r
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Spectrum  12. 2 -M eth y l-3 -hydroxy-4 (3H )-qu inazo linone  h y d ro ch lo rid e , in  K B r
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Spectrum  13. 2 -P heny l-3 -h y d ro x y -4 (3 H )-q u in azo lm o n e  h y d ro ch lo rid e , in  K B r

sa lt fo rm a tio n  th e  -\-T  effect ceases to  o p e ra te  in  consequence o f th e  u tiliz a tio n  
o f  th e  lone e lec tron  p a ir  o f th e  n itro g en  a to m ; th u s lim itin g  s tru c tu re  X V III 
b ecom es p rep o n d e ran t.)

As m en tio n ed  above, th e  r C = N  b a n d s  are sh ifted  to w ard s  low er w ave 
n u m b e rs  in  th e  sp ec tra  o f the  sa lts . S ta r t in g  w ith  s tru c tu re  X III  of th e  b ases, 
th is  c an  be sa tis fac to rily  exp la ined . O w ing to  th e  in n er ionic s tru c tu re , th e  
in c rease  o f th e  CN b o n d  o rder an d  th e  consequen t increase  o f th e  r C = N  
fre q u e n c y  occurs a lread y  in th e  bases, a n d  th is  is enh an ced  b y  th e  e lec tro n  
rep u ls io n  of th e  N — O -  ion group a t  p o s itio n  3. In  th e  course o f sa lt fo rm a tio n , 
w h en  th e  base h a d  s tru c tu re  X II, th e  p ro to n  will be c a p tu re d  b y  th e  o x ygen  
a t  p o s itio n  3 an d  s tru c tu re  XX w ill be  fo rm ed . The e lec tro n  a ff in ity  o f  th e  
h y d ro x y l group a t  position  3 affects th e  ca rb o n y l group causing  an  increase
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in  th e  CO b o n d  o rd er and  s im u ltan eo u sly  in  th e  r C = 0  frequency ; on  th e  o th e r  
h an d , i t  ren d e rs  lim iting  s tru c tu re  X IX  m ore p ro b ab le  th e re b y  low ering  th e  
CN b o n d  o rd e r an d  th u s th e  w ave n u m b e r of th e  i»C =N  band .

T he coalesced  rO H  an d  r N H + b a n d s  em erge b e tw een  3200 an d  2200 c m -1 . 
The influence  p ro d u ced  b y  th e  changes in  c o n ju g a tio n , due to  th e  p resence  
o f th e  p h en y l g roup  a t position  2, is w ell d iscern ib le  he re , to o , a t  le a s t b y  th e  
d ifferen t sh ap e  o f  th e  b a n d  (th e  te n d e n c y  o f th e  rO H  an d  rX H + b a n d s  to  
sep a ra te , p rev a ils).

I t  is in te re s tin g  to  n o te  th e  e x tra o rd in a ry  h igh  e s te r  carbony l fre q u e n c y  
of th e  3 -acy lo x y  deriva tives (X llb ), th e  like of w hich  has n o t y e t b een  fo u n d  
in  th e  case o f es te rs . A t 1820 c m ” 1 in  S p ec tru m  14, t h a t  o f  th e  N -ace ty l d e r iv 
a tiv e , an d  a t  1790 c m -1 in  S p ec tru m  15, th a t  o f th e  N -benzoyl d e r iv a tiv e , 
th e  b an d s o f  cyclic acid an h y d rid es , ac id  perox ides, an d  n o n -co n ju g a ted  ac id  
halides, fu r th e r  th e  carbony l b an d s  o f cyclic te r t ia ry  am ides em erge [7 — 11]; 
H ow ever, acco rd in g  to  th e  l i te ra tu re  [6, 8 —11], in  th e  case of e s te r c a rb o n y l

UF NaCI K B r

3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 800 700 600 500
cm '1

Spectrum  14. 3 -A cetoxy-4 (3H )-qu inazo linone , in  K B r
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Spectrum  15. 3 -B enzoyIoxy-4(3H )-qu inazo linone , in  K B r
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1770 c m -1  is th e  u p p e r lim it (enol-, pheno l-, v in y l- , e tc . esters = C — О — CO — R) 
o f ty p e . C onsidering th a t  th e  CO —N —О — CO group  m ig h t be reg a rd ed  as 
th e  an a lo g u e  o f an  acid  p e ro x id e  w here one o f  th e  oxygens has b een  rep laced  
b y  a n itro g e n  a to m , a n d  since th e  lesser e le c tro n  a ffin ity  of th e  n itro g e n  a to m , 
as co m p a re d  w ith  th a t  o f  th e  oxygen  a to m , is com p en sa ted  b y  th e  — I  effect 
o f th e  — C = N  b o n d  lin k ed  to  i t ,  an d  fu r th e r  since th e  rin g  s tru c tu re  also 
in creases  frequencies, th e  h ig h  freq u en cy  o f  th e  ca rbony l b a n d  is q u ite  u n d e r
s ta n d a b le ; o f course, th e  b a n d s  of th e  co u p led  es te r v ib ra tio n s  o f th e  rC —О 
an d  vC — C ty p e  [12] do n o t  ap p ear. These b a n d s  are rep laced  b y  a v e ry  in te n 
sive b a n d  a t  1165 c m ” 1 in  th e  a c e ta te , a n d  b y  v e ry  in tensive  d o u b le t a t  990— 
1000 c m ” 1 in  th e  case o f  th e  b en zo a te , w h ich  a re  due to  th e  v a rio u s  s tre tch in g  
v ib ra tio n s  of th e  N —О — C ( = 0 )  — C (H 3) a n d  N — 0  — C ( = 0 )  — Сд, groups, 
re sp e c tiv e ly . The r C = 0  b a n d  o f th e  C-4 c a rb o n y l appears a t  1700 c m ” 1 ni 
b o th  sp e c tra , w ith  h igh  in te n s ity . T h e  w eak  b a n d  of r C = N  a t  1670 c m ” 1 si 
coalesced  w ith  th e  fo rm er.

E x p erim en ta l

T h e  sp ec tra  were ta k e n  on  K B r pelle ts, w ith  a  doub le-b eam  U R -10 Zeiss (Je n a )  in frared  
sp e c tro m e te r .

O u r thanks are due to Mrs. A. Pap for technical assistance.

SU M M A RY

4(3H )-Q uinazo linone a n d  its  d e riv a tiv e s fo rm  cyclic dim eric a sso c ia tio n  s tru c tu re s  
C o n ju g a tio n , and  w ith  i t  m esom erism  w ith in  th e  a m id e  group are m od ified  as com pared  to  
d ih y d ro p h th a laz o n e , w h ich  is a n  isom er o f 4 -q u in azo lo n e . T he e lectron  d isp lacem en t, w hich  is 
g e n e ra l in  am ides an d  is d ire c te d  from  th e  n itro g en  to w a rd s  th e  oxygen, is rep ressed  in  4(3H )- 
q u in azo lin o n e  in  consequence o f th e  — I  e ffect o f  th e  — C =  N  bond  a t  p o s itio n  2. In  th e  case 
o f d ih y d ro p h th a laz o n e , th e  — I  e ffec t is c o m p en sa ted  b y  th e  -\-T  e ffect o f th e  n itro g en  a to m  
o f  th e  — N —C group, th e re fo re  th e  m esom erism  o f th e  am ide group is u n p e rtu rb e d .

T h e  chem ical p ro p e rtie s  o f th e  acyl d e r iv a tiv e s  a re  in  ag reem en t w ith  th e  supposed  
c h an g es  in  co n jugation : th e  N -acy la te s  of d ih y d ro p h th a laz o n e , an d  4 (3 H )-qu inazo linone  are 
b o th  o b ta in a b le , b u t  th e  l a t t e r  a re  ex trem ely  u n s ta b le . 3 -H y d roxy-4 (3H )-qu inazo linones hav e  
p ro b a b ly  a n  in n er sa lt s tru c tu re ,  as i t  is also sh o w n  b y  th e  sp ec tra  o f  th e ir  hydroch lo rides. 
T h e  e x tre m e ly  h igh este r c a rb o n y l frequencies (1820, a n d  1790 cm “ 1) in  th e  O -acyl d e riv a tiv e s 
a re  n o tew o rth y .
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NH STRETCHING VIBRATION BANDS AT WAVE 
NUMBERS LOWER THAN 3000 cm“ 1, VI*

CYCLIC D IM E R IC  ST R U C T U R E S , V I. H Y D A N T O IN  D E R IV A T IV E S

P . S o h ÁR

(R esearch Institu te fo r  P harm aceutical C hem istry, B udapest)

R eceived  N o v em b er 21, 1967

In tro d u c tio n

The in fra red  sp e c tra  of 5 ,5 -d ip h en y lh y d an to in  a n d  o f its  2- an d  4-m ono- 
th io , an d  2 ,4 -d ith io  d eriv a tiv es , as w ell as th e  sp e c tra  o f th e  1- and  3-m ono- 
m e th y l and  1 ,3 -d im e th y l d e riv a tiv es  o f th e  p rev ious com pounds have  been  
s tu d ie d . The possib le  v a rian ts , 16 com pounds a lto g e th e r , w ere all ava ilab le . 
D eriv a tiv es  th a t  c o n ta in  m e th y lm ercap to  groups w ill be described  in  a n o th e r  
p a p e r  [1].

I a b c d e f S h i j к 1 m n О P

X 0 0 0 0 s s s S 0 о 0 0 S s s s
Y 0 0 0 0 0 0 0 0 s s s s s s s s
Ri H H Me Me H H Me Me H H Me Me H H Me Me
R„ H Me H Me II Me H Me H Me H Me H Me H Me

* P a r t  V.: S o h á r, P . ,  K osa, I .: A c ta  Chim. A cad. Sei. H u n g . 57, 411 (1968).
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F iv e  tau to m ers  ( I —V) fo r each  o f  th e  n o n -m e th y la te d  p a re n t com 
p o u n d s  la ,  Ie , Ii, an d  Im  are possib le; o f course, th e  in tro d u c tio n  o f m e th y l 
g ro u p s reduces th e  n u m b e r  o f possible ta u to m e rs , an d  th e  d im e th y l d e riv a tiv es  
(Id , Ih , II and  Ip) allow h u t  th e  single s tru c tu re  I . In  com pounds w here  ta u to m - 
e rism  is th eo re tica lly  possib le, sp e c tra  m a y  fu rn ish  th e  basis  fo r deciding 
in  w h ich  tau to m eric  fo rm  o r form s a co m p o u n d  is a c tu a lly  p re se n t. T he problem  
o f ta u to m e rism  can be s tu d ie d  on th e  basis  of th e  am ide c a rb o n y l an d  N H  
s tre tc h in g  v ib ra tio n  b an d s .

S pectra  of the  d i-carbony l com pounds

I t  has been fo u n d  th a t ,  a t  le a s t u n d e r th e  cond itions o f  o b ta in in g  th e  
s p e c tra  (in K B r pe lle ts), th e  am ide  im in o h y d rin e  ta u to m e ric  equ ilib rium  
is a lw ay s com pletely  sh ifted  to w ard s  th e  am ide fo rm . T h erefo re , each  o f th e  
fo u r  com pounds la , lb , Ic , an d  Id  h a v e  sp ec tra  (Nos 1, 2, 3 a n d  4 , respective ly ) 
w here  a doub let ca rb o n y l s tre tc h in g  v ib ra tio n  ( r C = 0 )  b a n d  ap p ea rs  in th e  
ra n g e  betw een  1800 a n d  1700 c m “ 1. O f course, th e  tw o  m a x im a  can n o t be 
assig n ed  to  e ith er o f th e  ca rb o n y l g roups a t  positions 2 or 4 , b u t  to  th e  in -phase 
a n d  ou t-o f-phase  (sy m m etric  an d  a n tisy m m etric )  coupled  s tre tc h in g  v ib ra tio n s  
o f  th e  C =  0  double b o n d  (VI, VII) [2, 3]. This is suggested  b y  th e  h igh fre 
q u e n c y  value for th e  m ax im u m  t h a t  ap p ears  a t  h igher w ave n u m b e rs ; and  
u n eq u iv o ca l evidence fo r th is  is fu rn ish ed  b y  th e  ca rb o n y l freq u en cy  of th e  
m o n o -th io  com pounds (see la te r  on). C oupling alw ays occurs [4] w hen tw o 
id e n tic a l bonds are n e a r  enough to  each  o th e r in  a m olecule, a n d  th e  angle 
m ad e  b y  th em  is o th e r  th a n  90°. As i t  is genera l in  th e  case o f cyclic d icarbony l

(K N. A)

{___ r
v,C = 0

vasC = 0

^  Í C < N > C  
O'

"80=0

/ О

I’asC = 0

o . Ж  ,0

1______I
VII VIII

5ГС C ^ '  
о

IX

о

com pounds w hich  do n o t co n ta in  too  m an y  m em bers in  th e ir  r in g  [5], th e  
b a n d  o f the  coupled  sy m m etric  v ib ra tio n  a t  th e  low er w ave n u m b ers  is th e  
m ore in tensive one. T h is m ay  he exp la ined  by  th e  fa c t t h a t  a sym m etrica l 
m ode of v ib ra tio n  invo lves a g re a te r  change in th e  dipole m o m en t th a n  its 
an tisy m m etric  c o u n te rp a r t  [2] does. In  th e  case o f non-cyclic  d icarbony l
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•com pounds, such  as d iacy lam ines, w here  th e  c a r b o n y l  Stre tch ing  v ib ra tio n s  
are  coup led , th e  change o f dipole m o m e n t is g rea te r in  th e  m ore stab le  trans  
fo rm  if  th e  m ode o f  v ib ra tio n  is sy m m e tric  (IX) th a n  w h en  i t  is an tisy m m etric  
{V III); th e  s itu a tio n  is, th e re fo re , th e  opposite , i.e. th e  b a n d  ap p ea rin g  a t

3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 800 700 600 500
r m ' l

Spectrum  1. 5 ,5 -D ip h en y lh y d an to in , in  K B r pe lle t

3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 800 700 600 500
cm'1

Spectrum  2. 3 -M eth y l-5 ,5 -d ipheny lhydan to in , in K B r pelle t
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Spectrum  4. l ,3 -D im eth y l-5 ,5 -d ip h en y lh y d an to in , in K B r pelle t
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h ig h e r w ave num bers h a s  g re a te r  in te n s ity . I n  cyclic co m p o u n d s of n o t to o  
n u m ero u s  m em bers in  th e  ring , trans a rra n g e m en t is im possib le  because o f 
th e  cyclic s tru c tu re .

T he abso lu te  in te n s i ty  o f th e  ca rb o n y l b an d s  is fu r th e r  en h an ced  b y  th e  
a sso c ia tio n  th a t  m akes th e  C = 0  double b o n d s m ore p o la r  [6] an d  increases 
th e  in te n s ity  difference b e tw een  th e  tw o m ax im a . B o th  effects are  p ro p o rtio n a l 
to  th e  s tre n g th  o f th e  h y d ro g en  bonds [2].

T he fo rm atio n  o f s tro n g  hydrogen  bon d s can be e x p e c te d , in  the  f irs t 
p lace , w ith  th e  m ore n eg a tiv e  ca rbony l a t  p o sition  2 b e tw een  th e  tw o N H  
g ro u p s , and  w ith  th e  m ore  acid ic N H  g roup  a t  position  3 b e tw een  th e  tw o 
c a rb o n y l groups. T h u s , m u ch  s tro n g er h y d ro g en  bonds can  be expected  in  
com pounds la  an d  Ic  th a n  in lb .

T he sp ec tra  su p p o r t th ese  considera tions in  every  re sp e c t. The ab so lu te  
in te n s i ty  of the  c a rb o n y l b an d s  an d  th e  re la tiv e  in te n s ity  difference o f th e  
tw o  m ax im a is th e  sm alle s t in  Id  (S p ec tru m  4) w here no N H  g roup  being p re s 
e n t, no association  occu rs. T he increase o f th e  in te n s ity  a n d  in te n s ity  d iffe r
ence observable w ith  co m p o u n d  lb  (S p ec tru m  2) as co m p ared  to  Id, becom es 
g re a te r  in  com pounds l a  an d  Ic  (S pectra  1 an d  3, re sp ec tiv e ly ; cf. also T able I).

T he p roperties o f  th e  N H  s tre tc h in g  v ib ra tio n  (rN H ) b a n d s  also su p p o rt 
w h a t  has been sa id  a b o u t th e  s tre n g th  of th e  hyd ro g en  b o n d . T he rN H  b a n d , 
a t  3290 c m “ 1 of lb  is m o d e ra te ly  b ro ad , w hereas th e re  is a b ro a d  ab so rp tio n , 
sp lit  in  tw o m ax im a, in  th e  ranges b e tw een  3400 an d  3000 c m “ 1, and  3300 to  
2700 c m “ 1, re sp ec tiv e ly , in  th e  sp ec tra  o f  l a  an d  Ic . In  la ,  th e  tw o b an d s 
can  be assigned to  th e  tw o  N H  groups, th e  m ax im um  a t  3280 c m “ 1 to  th e  
m ore  basic one a t  p o s itio n  1, an d  the  m ax im u m  a t 3215 c m “ 1 to  th a t  a t p o si
t io n  3. In  accordance w ith  th e  presence o f tw o k inds of h y d ro g e n  bonds form ed 
w ith  th e  tw o N H  g ro u p s , also th e  b a n d  o f th e  coupled  sy m m etric  carbony l 
v ib ra tio n  will sp lit in  tw o , an d  th e  co rrespond ing  m ax im a  are  a t 1745, an d  
1725 c m “ 1, re sp ec tiv e ly .*  P ossib ly  also th e  sp littin g  o f  th e  rN H  b a n d  in

L i F  N a C I  K B r

cm-1

Sp ectru m  la .  5 ,5 -D ip h en y lh y d an to in , dissolved in  CHC13

* In  the  sp e c tra  o b ta in e d  w ith  sam ples in  d ilu te  ch loroform  so lu tio n  (S pectrum  la )  
no  sp littin g  is observed . T h e  b a n d  p a ir  o f th e  coupled  carbony l v ib ra tio n s  a p p ea r w ith  m ax im a  
a t  1790 and  1750 cm “ 1, re sp ec tiv e ly . T he pN H  b a n d , equally  co rresp o n d in g  to  m onom eric  
g ro u p s , appears a t  3440 c m “ 1.
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S p ec tru m  3 of Ic  is in  connex ion  w ith  th e  fo rm a tio n  o f  th e  tw o  k in d s o f  h y 
drogen bonds.

E a rlie r s tu d ies  [2, 7 — 11] h av e  show n th a t  cyclic N -m o n o su b s titu ted  
am ides (N -u n su b s titu te d  lac tam s) a n d  o th e r s im ila r com pounds read ily  give 
cyclic d im eric associa tions. T he ty p ic a l hyd rogen  b o n d s o f these  com pounds 
are ch a rac te rized  b y  th e  presence o f a specific rN H  b a n d  in  th e  sp ec tra . 
T he rN H  b a n d  o f th e  cyclic d im ers is ra th e r  d iffuse, occasionally  sp lit in to  
subm ax im a, an d  em erges a t  u n u su a lly  low w ave n u m b e rs , genera lly  in  th e  
3200 to  2700 c m ^ 1 range.

W ith  u n su b s titu te d  h y d a n to in  (and  also w ith  th e  th io  d e riv a tiv es , see 
la te r  on) such cycles m ay  he fo rm ed  in  th ree  w ays (X —X II), how ever, s tru c 
tu re  X I is th e  m ost p ro b ab le  one.

This is so, because, as a lread y  m en tio n ed , o f th e  N H  g roups tho se  a t position  3, 
and  o f th e  carbony ls tho se  a t  positio n  2, are m ore su scep tib le  to  association  
on chem ical g rounds; fu rth e rm o re , ow ing to  th e  p resence  o f th e  b u lk y  5,5- 
d ipheny l group, th e  N H  groups a t  position  1 an d  th e  c a rb o n y l group a t position  
4 are u n d e r less fav o u rab le  s teric  cond itions to  fo rm  h y d ro g en  bonds th a n  are  
th e  groups a t  positions 2 an d  3.
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A ccord ingly , th e  m ax im u m  a t  a b o u t 3150 c m -1 in  S p ec tru m  3 is to  be 
assig n ed  to  m olecules in  sim ple in te rm o le c u la r  association , a n d  th a t  a t  a b o u t 
3030 c m -1  to  m olecules in  cyclic d im eric  a ssoc ia tion  of ty p e  X I. M ost p ro b a b ly , 
th e  less in tensive  b a n d  a t  2760 c m - 1 is due to  th e  f irs t o v e rto n e  o f th e  /?NH 
b a n d  a t  1450 c m -1 in  a F e rm i resonance  w ith  th e  rN H  b a n d , th e re fo re  th e  
o v e rto n e  b a n d  is sh ifted  to w ard s  low er w av e  num bers an d  gains in  in te n s ity .

Cyclic d im eric asso c ia tio n  in  co m p o u n d  Ic  is in  connex ion  w ith  th e  elec
t ro n  d o n o r effect o f th e  m e th y l s u b s ti tu e n t  a t  position  1, w hich  enhances 
th e  n e g a tiv e  p o la riza tio n  (its  te n d e n c y  to  fo rm  a hyd ro g en  b o n d ) of th e  c a r
b o n y l a t  position  2. T h is is th e  cause w h y  p a r t  o f th e  m olecules is in  cyclic 
d im eric  associa tion  in  Ic , w hile in  th e  case o f  com pound  l a  o n ly  sim ple in te r 
m o lecu la r hyd rogen  b o nds are  fo rm ed .

Spectra of the  2 -th io  com pounds

In  th e  sp ec tra  o f  th io am id es , s im ila rly  to  sim ple am ides, b an d s  o f g roup  
v ib ra tio n s  ap p ea r [10, 12 —17]. H ow ever, since in  a th io am id e  g roup , besides 
th e  n itro g e n  a to m  av a ilab le  fo r co n ju g a tio n , a su lp h u r a to m  w ith  a free p a ir  
o f e lec tro n s , th u s  w ith  a sim ilar ten d e n c y , is also p resen t, th e  c h a ra c te r  o f th e  
g ro u p  v ib ra tio n s  w idely d iffers from  m olecule to  m olecule; th e  sm allest change 
in  th e  s tru c tu re  sig n ifican tly  affects th e  p ro p e rtie s  of th e  sp ec tru m  b an d s  [10]. 
In  th e  case o f th io h y d a n to in s  th e  s itu a tio n  is even m ore co m p lica ted , because 
tw o  n itro g en  atom s are lin k ed  to  th e  C = S  group , n o t to  m en tio n  th e  C = 0  
o r C =  S su b s titu e n ts  a t  positio n  4; th e se  la t te r  also p a r tic ip a te  th ro u g h  th e ir  
rr-e lectrons in  th e  delocalized  e lec tron  sy s tem  w hich th u s  invo lves th e  en tire  
N C (S )N C (0) or NC(S)NC(S) group . T h erefo re , no re la tio n sh ip  can  be ex p ec ted  
b e tw een  th e  g ro u p -v ib ra tio n s o f th io h y d a n to in s  an d  o th e r  th io am id e  or 
th io u re a  de riv a tiv es , o r, in  fac t, w ith in  th e  g roup  of th io h y d a n to in  d e riv a tiv e s .

In  th e  sp ec tra  (N os 5, 6, 7 an d  8) o f  th e  2-thio d e riv a tiv e s  th e re  are 
th re e  b an d s  o rig in a tin g  from  th e  g roup  v ib ra tio n  o f th e  N C(S)N  m o ie ty . 
T h e  m o st in tensive  b a n d  is th a t  in  th e  1550—1480 c m -1  ran g e . T here  is a 
b a n d  o f  r a th e r  v a riab le  in te n s ity  b e tw een  1350 an d  1250 cm -1 , an d  one 
sh a rp  b a n d  of m ed ium  in te n s ity  in  th e  1200 to  1100 c m -1  ran g e . O n th e  
basis  o f  th e  frequencies an d  th e  sh ifts  in  various d e riv a tiv e s , these  th re e  
b a n d s  m ay  be assigned to  group  v ib ra tio n s  whose c h a ra c te r  is d e te rm in ed  
m a in ly  b y  rC = N , J»C=S, or rC —N  v ib ra tio n s . I t  shou ld  be a d d ed  th a t  in  
th e  case o f  th io am id es — like in  am ides — th e  order of CN bon d in g  will be 
h ig h e r ow ing to  m esom erism  (X III-^X IV ).

H ow ever, th e  lim itin g  s tru c tu re  XIV is m uch  m ore p ro b ab le  here th a n  th e  
analogous s tru c tu re  o f sim ple am ides. T h erefo re , th e  increase in  th e  CN b o n d  
o rd e r, an d , co n sequen tly , th e  freq u en cy  o f  th e  s tre tch in g  v ib ia lio n  o f th is
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b o n d  are  s ig n ifican tly  h igher. (The g roup  v ib ra tio n  b a n d  o f  a sim ilar c h a ra c te r  
in  am ides, th e  am ide I I I  b a n d , a p p e a rs  a t  ab o u t 1400 c m -1 .)

7 • ■ >

e

N

4331

L i F

N

XIV

N a C I K B r

In  S p ec tru m  5, th a t  o f 5 ,5 -d ip h en y l-2 -th io h y d an to in  ( I e ) ,  th ese  th re e  
b an d s  em erge a t  1540 c m -1  (v e ry  in ten siv e), betw een  1270 an d  1230 c m -1 
(w eak , d iffuse), a n d  w ith  m ax im a  a t  1170 an d  1160 c m -1 (v e ry  in ten s iv e , sh a rp  
d o u b le t) . Also th e  carbony l b a n d  is sp lit (m ax im a occur a t  1755 a n d  1735 c m -1 ), 
a n d  so is th e  rN H  b an d  (diffuse a b so rp tio n  in  th e  3400 to  2700 c m -1  ran g e , 
w ith  su b m a x im a  a t  3270, 3170, 3025, 2885 and  2775 c m -1 ).

A ll th is  seem s to  in d ica te  t h a t  tw o k inds of associa tion  s tru c tu re s  are  
p re se n t. T au to m erism  is o u t o f  q u es tio n , because th e  h igh  in te n s ity  o f th e  
i’N H  b a n d  is evidence for th e  p resence  of tw o such g roups, fu r th e r  no rS H  
b a n d  is fo u n d  in  th e  2600 to  2550 c m -1 range [2, 3, 5, 18]. T he o ccu rrence  
o f a diffuse rN H  b a n d  ex te n d e d  to w ard s  low w ave n u m b ers  suggests t h a t  
a re s tr ic te d  n u m b e r of th e  m olecules is in  cyclic dim eric a ssoc ia tion  a n d  th e  
r in g  com prises th e  th io ca rb o n y l g ro u p  a t  position  2, a n d  th e  N H  g roup  a t  
p o s itio n  3 (ty p e  XI); a t th e  sam e tim e  th e  carbony l a t  p o s itio n  4 is in  in te r-  
m o lecu la r a ssoc ia tion  w ith  th e  N H  group  a t  position  1 ( r C = 0  b a n d  a t  1775 
c m -1 , an d  rN H  b a n d  a t  3270 c m -1 ). T he o th e r, m uch h ig h er n u m b e r o f m o le
cules fo rm  h y d ro g en  bonds o f w hich  th e  p a rtic ip a tin g  a to m s are  th e  sam e as 
before , b u t  in s te a d  of ring  XI, th e re  are  only  sim ple in te rm o lecu la r linkages 
also b e tw een  th e  groups C = S  a t  p o s itio n  2 an d  N H  a t  p o sitio n  3. T he co r
resp o n d in g  rN H  b a n d  o f th e  g ro u p s a t  position  3 is show n b y  a m ax im u m  a t  
a b o u t 3170 c m -1 . F ina lly , th e  th i r d  p a r t  o f th e  m olecules (som ew hat less 
th a n  h a lf  o f th e  to ta l  num ber) fo rm  h y d ro g en  bonds in w hich  th e  C = 0  g roup  
a t  4 an d  th e  N H  a t  3, and  th e  C = S  g roup  a t  2 an d  th e  N H  a t  1, re sp ec tiv e ly , 
ta k e  p a r t  in  es tab lish in g  th e  assoc ia tions. T he w ave n u m b ers  o f th e  N H  b an d s
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are  ro u g h ly  the  sam e (m ore  ex ac tly , th e y  coalesce w ith  th e  b an d s th a t  co r
re sp o n d  to  th e  ty p e s  o f  associations m en tio n ed  earlie r), b u t  th e  r C = 0 ,  and  
th e  th io am id e  bands a t  a b o u t 1260 c m -1  are  sp lit u p  (if a s tro n g  hydrogen  
b o n d  is p resen t, th e  c a rb o n y l frequency  is red u ced  to  1735 c m -1 ).

T hese co n sid e ra tio n s are  su p p o rted  b y  th e  sp e c tra  (6, 7 an d  8) o f th e  
N -m e th y l deriv a tiv es . I n  S pec trum  6, t h a t  o f  th e  3 -m e th y l com pounds (If), 
th e  c a rb o n y l freq u en cy  a t  1730 c m -1 an d  th e  b ro ad  I'N H  b a n d  a t  3270 cm"-1

LiF ■ NaCI KBrI4—А Л4t ——j-—г 44rr i(\ /1 *M -Чг:., г w_L /t \ rШ7Шг Г Ш íH— r T| -M 4 щ44 -■■ —L T H-Í-4 4 fpL4— 4V- -I 4- ■4G y  701 _L_L '— j_ _L_L
3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 800 700 600 500 

Spectrum  6. 3 -M eth y l-5 ,5 -d ip h en y l-2 -th io h y d an to in  in  K B r p e lle t

are ev idence  fo r in te rm o le c u la r  association  b e tw een  th e  C = 0  group a t  position  
4 a n d  th e  N H  g roup  a t  position  1.

Tw o kinds o f h y d ro g e n  bonds are p re se n t in  th e  1 -m eth y l deriva tive  I g ,  

viz. connexions fo rm in g  cyclic d im ers o f ty p e  XI, an d  bonds betw een  th e  
n itro g en  of th e  N H  g ro u p  a t  position  3 an d  th e  oxygen o f th e  carbony l group 
a t  p o s itio n  4. The p a r t  b e tw een  3100 an d  2700 c m -1 of th e  diffuse rN H  b an d , 
an d  th e  shoulder a t  a b o u t 1760 c m -1 (m onom eric  groups) of the  carbony l 
b a n d , respective ly , a re  assigned  to  th e  cyclic  dim eric a ssoc ia tion ; th e  p a r t  of 
th e  h ig h er w ave n u m b e r  sec tion  (3400 to  2900 c m -1 ) o f th e  rN H  b an d , and  th e  
ca rb o n y l m ax im um  a t  1740 c m ” 1 are assigned  to  th e  in te rm o lecu la r hydrogen  
bo n d  betw een th e  g ro u p s  a t  positions 3 an d  4, in  S p ec tru m  7. The shape of 
th e  ca rb o n y l b an d  su g g ests  th a t  hyd ro g en  b o n d in g  o f th e  la t te r  ty p e  is p re 
d o m in a tin g  in th e  m a jo r i ty  o f th e  m olecules. T hese conclusions are su p p o rted  
b y  th e  fa c t th a t  w hen  th e  substance  is rec ry s ta lliz ed  from  som e o th e r so lven t, 
say  fro m  m ethano l in s te a d  o f e thano l an d  hyd ro ch lo ric  acid , th e  ra tio  o f th e  
tw o  k in d s of a ssoc ia tions becom es rev ersed , an d  cyclic dim eric associations 
w ill p rep o n d era te . A cco rd ing ly , also th e  in te n s ity  ra tio  o f th e  tw o m axim a 
of th e  rN H  and  r C = 0  b an d s  will be in v e r te d  (cf. S p ec tru m  7a). Also such 
sam ples could be p re p a re d  (again th ro u g h  som e change in  th e  conditions of 
c ry s ta lliza tio n , viz. fro m  aqueous hydroch lo ric  acid , fo llow ed b y  very  th o rough  
d ry in g ), w here cyclic d im eric  association  does n o t occur a t  all, an d  every  m ole
cule is equally  lin k ed  b y  th e  N H  group  a t  positio n  3 an d  th e  carbonyl a t 
p o sitio n  4. Of course, in  th e  corresponding  sp ec tru m  7b , th e  b an d  assignable 
to  m onom eric c a rb o n y l groups, and  th e  p a r t  a t  w ave n u m b ers  low er th a n  
2900 c m ” 1 of th e  rN H  b a n d , are absen t.
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In  S p ec tru m  8 o f th e  1 ,3 -d im ethy l d e riv a tiv e , th e  ca rbony l b a n d  is 
fo u n d  a t 1740 c m -1 . T he freq u en cy  is som ew hat low er th a n  in Ie, ow ing to  
th e  со-v ib ra tin g  m ass o f  th e  m e th y l su b s ti tu e n t a t  p o s itio n  3. The sam e effect 
can  be observed  w ith  com pound  If. T he th ioam ide  b a n d s  ap p ea r w ith  a ll th e

L iF  N a C I  >T K B r

cm"1

Spectrum  7. l-M e th y l-5 ,5 -d ip h en y l-2 -th io h y d an to in , recry sta llized  fro m  <11 , 011  j HC1 4-
+  H 20 ,  in  K B r pelle t

L iF  N a C i  K B r

.. Ir 1\ Д д JJljT M г Г "v  J 'V f
_ у

p i  ] 4 1 \ rv_ / Г t  - p's _ l _ r  - t t
/ ’ i t Г t

J V - F
1q l i* 0 _ t  _

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

cm'1

Spectrum  7a. l-M e th y l-5 ,5 -d ip h en y l-2 -th io h y d an to in  recry sta llized  fro m  C H 3O H , in  K B r pe lle t

L iF  N a C i  K B r
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Spectrum  7b. l-M e th y l-5 ,5 -d ip h en y l-2 -th io h y d an to in  recry sta llized  fro m  HC1 -(- H 20  a n d  d ried  
fo r 24 d ay s in  v a cu u m  o ver P 20 6, in  K B r p e lle t
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Spectrum  8. l ,3 "D m ie th y l-5 ,5 -d ip h en y l-2 -th io h y d an to in , \n  K B r pelle t
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fo u r com pounds, an d  th e  rC =  S b an d  in  th e  m idd le  is in ten s iv e  a n d  re la tiv e ly  
d is tin c t w hen  th e  g roup  a t  p o s itio n  2 is in  th e  m onom eric s ta te  (com pounds I f  
an d  111). T he frequency  o f  th e  g ro u p -v ib ra tio n  o f  vC — N c h a ra c te r  is p rim arily  
a ffec ted  b y  th e  su b s titu tio n  a t  position  3, in  accordance  w ith  th e  fac ts  th a t  
th e  m esom eric  effects w h ich  de te rm ine  th e  p ro p e rtie s  o f g roup  v ib ra tio n s  p lay  
a decisive role p r im a rily  w ith in  th e  th io a m id e  group  fo rm ed  b y  th e  C = S  
g roup  a t  position  2 an d  th e  N H  group a t  p o s itio n  3, an d  th a t  th e  N H  a t  p osi
tio n  1 a n d  th e  carbony l a t  p o s itio n  4 are lin k ed  “ m ore loosely”  to  th is  system .

T h e  frequency  o f th e  rC =  0  b an d , t h a t  is found  b e tw een  th e  m ax im a 
o f th e  d o u b le t ap p earin g  in  th e  sp ec tra  of d ica rb o n y l com pounds, shows th a t  
th e  c a rb o n y l v ib ra tio n s  a re  in  fa c t coup led  in  th e  la t te r  com pounds [2, 3].

S pec tra  o f the 4-tliio  com pounds

T h e  spectra  (Nos 9, 10, 11 an d  12) a n d  th e  associa tion  s tru c tu re s  o f 
th e  4 -th io  derivatives sh o u ld  show  sign ifican t d ev ia tions from  th o se  o f 2-th io- 
h y d a n to in s .

T h is is expec ted  p a r t ly  because no th io u re a  group is p resen t in th e
4 -th io  de riv a tiv es , th e re fo re , th e  ch a ra c te r  o f  g roup  v ib ra tio n s  w ill obviously  
be ra d ic a lly  d ifferen t; fu r th e r ,  th e re  is a C = 0  double  bo n d  in s te a d  of th e  th io - 
c a rb o n y l group a t p o s itio n  2, an d  th is  c ircu m stan ce  is fav o u rab le  for th e  fo r
m a tio n  o f  p a rtic u la rly  s tro n g  hydrogen  b o n d s. F o r chem ical reaso n s, as i t  has 
been  m en tio n ed , th e  te n d e n c y  to  associate is g re a te r  w ith  g roups a t  position  
2 th a n  w ith  groups a t  p o s itio n  4, and  th e  sam e m ay  be sa id  a b o u t th e  C = 0  
g ro u p  w hen  com pared  to  C =  S. T hus, in  2 -th io  com pounds, th e  difference 
b e tw een  th e  carbonyl a n d  th io ca rb o n y l g roups in  th e ir  te n d e n c y  to  associate 
is p a r t ly  equalized ow ing to  th e ir  positions, w hereas in 4 -th io  com pounds th is  
d ifference  will becom e g re a te r . T herefore, i t  can  be ex p ec ted  th a t  if  th e  cyclic 
d im eric  association  X I is in d eed  a m ore s tab le  s tru c tu re  th a n  th e  ty p es X 
a n d  X II, th is  k ind  o f a sso c ia tio n  will be p re d o m in a n t in  4 -th io  com pounds, 
in c o n tra s t  w ith  2-th io  co m p o u n d s w here, accord ing  to  S p ec tra  5 and  7 of th e  
n o n -su b s titu te d  com pounds Ie  an d  Ig, on ly  a sm all n u m b er o f  m olecules will 
fo rm  su ch  hydrogen  b o n d s.

T h e  above co n sid e ra tio n s  are fu lly  su p p o rte d  b y  th e  sp e c tra . The th ree  
“ th io a m id e  b an d s”  c h a ra c te r is tic  of 2 -th io  com pounds are m issing , and  o th e r 
b a n d s  a p p e a r in stead ; n o ta b ly  tw o m ax im a occu r, one betw een  1450 and  1350, 
th e  o th e r  betw een 1350 a n d  1250 c m -1 . In  S p ec tra  9 and  11 o f  com pounds Ii 
a n d  Ik ,  th e  b and  of h ig h er w ave num bers is o f  m ed ium  in te n s ity  a n d  sharpness, 
th e  o th e r  is very  in ten s iv e  an d  b road . In  th e  case of com pounds Ij an d  II 
th e  con d itio n s are rev e rsed : in  S pectra  10 an d  12, v e ry  in ten s iv e  b ands are 
fo u n d  betw een  1450 a n d  1380 c m -1 , and  th e re  is a less, b u t  s till q u ite  in tensive
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a n d  sh a rp  m ax im u m  a t  1300 c m “ 1 in  b o th  sp ec tra . T hese fea tu re s  o f th e  b a n d s  
— in d ica tin g  also th e  charac ter o f  th e  v ib ra tio n s  — can  be a t t r ib u te d  to  
associations.

T he s tru c tu re s  o f  the  h y d ro g e n  bon d s are deducib le  from  th e  c h a ra c te r  
o f  th e  r C = 0  a n d  rN H  bands. I n  1 ,3 -d isu b s titu te d  com pounds (II) no asso-

l i F  N a C I K B r

Sp ectru m  9. 5 ,5 -D ip h en y l-4 -th io h y d an to in , in  K B r p e lle t

L iF  N a C I  K B r

Spectrum  10. 3 -M eth y l-5 ,5 -d ip lien y l-4 -th io h y d an to in , in  K B r pe lle t
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Spectrum  11. l-M e th y l-5 ,5 -d ip h en y l-4 -th io h y d an to in , in  K B r pelle t
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c ia tio n  is possible, th u s  th e  r C = 0  b a n d  is sh a rp  a n d  ap p ears  a t  1755 c m ” 1 
(S p e c tru m  12). In  S p e c tru m  10 of co m p o u n d  I j ,  a b ro a d  b u t  n o t diffuse vNH 
b a n d  ap p ears  w ith  a m ax im u m  a t a b o u t 3330 c m ” 1, an d  its  sec tion  to w ard s 
th e  lo w er w ave n u m b e rs  is a sy m m etrica lly  e x ten d ed . T he ca rb o n y l b a n d  has 
a d o u b le t s tru c tu re : superim posed  on th e  a b so rp tio n  m ax im u m  a t  1765 c m ” 1 
th e re  is a less in ten siv e  b a n d  a t 1730 c m ” 1 (w hich  d isap p ears  in  sp ec tra  recorded  
on sam ples dissolved in  ch loroform ; a t  th e  sam e tim e  th e  rN H  b a n d  is sh ifted  
to w a rd s  th e  h igher w av e  n u m b er reg ion  u p  to  3450 c m ” 1, an d  i t  becom es 
s h a rp e r ;  cf. S p ec tru m  10a). All th is  in d ic a te s  th a t  th e  ca rb o n y l group is in

L iF N a C I K B r

Spectrum  10a. 3 -M eth y l-5 ,5 -d ip h en y l-4 -th io h y d an to in , d isso lved  in  CHC13

th e  m onom eric  s ta te  in  th e  g rea t m a jo r ity  o f th e  m olecules, an d  th a t  th e  N H  
g ro u p  a t  position  1 is asso c ia ted  w ith  th e  C = S  double b o n d . I n  som e m olecules, 
on  th e  o th e r  h an d , b o n d s  o f th e  ty p e  N H . . , 0 = C  are fo rm ed , an d  th is  causes 
th e  b ro ad en in g  o f th e  rN H  b an d  an d  th e  sp littin g  o f  th e  r C = 0  b an d .

U n d e r th e  in flu en ce  o f th e  h y d ro g en  bo n d s, th e  X III  •<-*■ XIV m esom eric 
sy s te m  o f th io am id es w ill be a lte red , a n d  lim itin g  s tru c tu re  X IV w ill becom e 
m a n ife s t. This gives rise  to  an  increase in  th e  p o la r ity  o f th e  b o n d s. T herefo re, 
if  in  th e  sp ec tra  o f  4 -th io  com pounds su ch  group  v ib ra tio n s  abso rb  w hose 
c h a ra c te r  is n ear to  th e  in d iv id u a l b o n d  frequencies , e.g., if  a g roup  v ib ra tio n  
is p re s e n t  whose p ro p e rtie s  differ b u t  s lig h tly  from  th e  r C = S  o r vC — N v ib ra 
tio n s , i t  is reasonab le  to  ex p ec t th a t  a ssoc ia tion  will increase th e  in te n s ity  o f 
a ll th e  b an d s  assignab le  to  th ioam ide g ro u p s. T herefo re  th e  freq u en cy  o f th e  
i'C — N  ty p e  group v ib ra tio n s  will be h ig h er, an d  th e  frequencies o f  v ib ra tio n s  
s im ila r  to  th a t  o f vC =  S w ill decrease, ow ing to  th e  h ig h er p ro b a b ility  o f s tru c 
tu re  X IV . W hen S p e c tra  12 and  10 o f com pounds II an d  Ij are  now  com pared  
in th is  re sp ec t (no a sso c ia tio n  of any  k in d  is possible in  I j) , we fin d  som e u n e x 
p e c te d  differences b e tw een  them . T he th io am id e  b a n d  o f h ig h er frequency  
is fo u n d  a t  low er w ave n u m b ers  in S p ec tru m  10 o f  com p o u n d  Ij b u t  i t  is m uch 
m ore  in ten siv e , w hereas th e  b an d  o f low er w ave n u m b ers , th o u g h  it  is m ore 
in ten s iv e  in  S p ec tru m  12 of com pound II, is n o t sh ifted  to w ard s  low er w ave 
n u m b e rs ; its  freq u en cy  even increases a l i t t le  u n d e r th e  in fluence of asso
c ia tio n .
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These ex p e rim en ta l facts m a y  be in te rp re te d  as follows. T he tw o  th io - 
am ide b an d s  co rrespond  to  the  a sy m m e tr ic  an d  sy m m etric  s tre tc h in g  v ib ra tio n s  
o f th e  N —C = S  g roup . The vasN — C = S  b a n d  is th e  m ore in ten siv e  w h en  th e  
m olecules are in  m onom eric s ta te ;  since in  th e  case o f a n o n -po la r (sy m m etric ) 
e lec tro n  d is tr ib u tio n  th e  asy m m etric  v ib ra tio n  invo lves g rea te r f lu c tu a tio n s  o f 
ch arg e , i.e. a g re a te r  change o f th e  d ipo le m o m en t. In  associa ted  m olecu les, 
w here th e  b o n d  sy s tem  has becom e m ore  p o la r, i t  is th e  b a n d  o f th e  sy m m e tric  
v ib ra tio n  th a t  is m ore in tensive. A s i t  is k now n , th e  b a n d  in te n s ity  increases 
w ith  th e  second  pow er of the  ch an g e  in  dipole m o m en t [6].

C oncerning th e  properties o f  th e  th io a m id e  b an d s , s im ila rity  ex is ts  be tw een  
Ik  an d  II, an d  b e tw een  Ii and  I j, re sp ec tiv e ly ; th u s  i t  is clear t h a t  th e  th io - 
am ide g roup  is associa ted  in th e  case o f  Ii, w hereas i t  is in  th e  m onom eric  
s ta te  in  Ik .

In  S p ec tru m  11 of com pound  Ik , th e  diffuse b a n d  sp lit b y  su b -m ax im a , 
a n d  th e  one in  th e  3300—2500 c m -1  reg ion  (low w ave n u m b er rN H  b a n d ) , 
fu r th e r  th e  re la tiv e ly  low -frequency , v e ry  in ten siv e  an d  b ro ad  c a rb o n y l b a n d  
a t  1735 c m -1 , in d ica te  the  fo rm a tio n  o f  d im eric  association  rings w ith  th e  
p a r tic ip a tio n  o f  th e  C = 0  groups a t  p o s itio n  2 an d  th a t  o f th e  N H  g ro u p s a t  
position  3 (associa tion  ring of ty p e  X I). T he un ifo rm  association  s tru c tu re  is 
in accord  w ith  o u r earlier s ta te m e n t, d educed  from  ch arac te ris tic s  o f  th e  th io - 
am ide  b an d s , w h ich  said  th a t  th e  th io a m id e  group  is in  th e  m onom eric  s ta te . 
O n th e  o th e r h a n d , th e  cyclic d im eric  associa tion  o f ty p e  X I t h a t  evolves 
un ifo rm ly  an d  accord ing  to  e x p e c ta tio n , is evidence in  su p p o rt o f o u r fo rm er 
assu m p tio n  concern ing  the re la tiv e  s tab ilitie s  o f s tru c tu re s  X, X I a n d  X II.

T he p resence  o f th e  low w av e  n u m b e r sec tion  o f th e  rN H  b a n d , a n d  th e  
considerab le  in te n s ity , low freq u en cy , a n d  b ro ad en in g  of th e  r C = 0  b a n d  in  
S p ec tru m  9 o f  com pound  Ii, a re  u n eq u iv o ca l ind ica tio n s o f th e  p resence  o f 
X I ty p e  d im ers in  all th e  m olecules also o f  th is  com pound . T he c h a ra c te r is tic s  
o f th e  th io am id e  b an d s , to g e th e r w ith  th e  b ro a d  rN H  b a n d  (assignab le  to  th e  
N H  group  a t  p o s itio n  1) w hich h as  a m ax im u m  a t  3270 c m -1 p o in tin g  ag a in  
to  associa tion , in d ica te  th a t  a t th e  sam e tim e  in te rm o lecu la r h y d ro g en  bon d s 
are also fo rm ed  b y  th e  N H  g ro u p s a t  position  1 an d  th e  C = S  g ro u p s a t  
position  4.

Spectra of th e  2 ,4 -d ith io  com pounds

W hen  sp e c tra  13, 14, 15 a n d  16 o f  th e  d ith io  com pounds are  co m p ared  
w ith  th e  sp ec tra  e ith e r  of 2-thio d e riv a tiv e s  o r o f 4-tliio  de riv a tiv es , a ra d ic a lly  
d iffe ren t s tru c tu re  o f the  th io a m id e  b a n d  sy stem  is again  o b se rv ed . T he 
s tre tc h in g  v ib ra tio n s  o f the C = S  doub le  bon d s a t  positions 2 or 4 can  becom e 
coup led  (sim ilarly  to  th e  ca rb o n y l v ib ra tio n s  in  h y d ra tio n s), b u t  also in d e 
p en d en tly  o f th is  a n d  owing to  th e  m ore  p ro n o u n ced  ten d en cy  o f su lp h u r  a to m s
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fo r ta u to m e rism , i t  is p robab le  th a t  g roup  v ib ra tio n s  ex ten d  over th e  en tire  
N (H )C (S)N (H )C (S) b o n d  system . T his is th e  rea so n  w h y  these  sp ec tra  h av e  b a n d s  
o th e r  th a n  tho se  o f m o n o -th io h y d an to in s . O bv iously , association  w ill again  
s ig n ifican tly  affect th e  c h a ra c te r  o f th e  b a n d s  (frequencies, in ten s itie s , w id th , 
e tc .). T h e  p ro b a b ility  o f th e  fo rm atio n  o f  cyclic  d im ers of ty p e  X I w ill be less 
th a n  in  th e  case o f 4 - th io h y d a n to in s , since th e  C = S  group is less p rone  to  
form  h y d ro g en  bon d s th a n  carbony l ( th e  2 -su b s titu e n t ca rbony l th a t  p a r t ic i
p a te s  in  th e  X I-ty p e  rin g  in  4 -th io h y d a n to in s) . O n th e  o th e r h a n d , co m p ared  
to  2 -th io  com pounds th is  p ro b a b ility  is h ig h er, since a t  position  4 th e  co m p ara-

LiF NaCI KBr

Spectrum  13. 5 ,5 -D ip h en y l-2 ,4 -d ith io h y d an to in , in K B r pe lle t

tiv e ly  less e lec tro n eg a tiv e  C = S  double b o n d  h as  ta k e n  th e  place o f th e  ca rb o n y l 
g roup , a n d  th is  allow s th e  fo rm atio n  o f  s tro n g e r  h y d ro g en  bonds.

I n  accordance w ith  th e  foregoing, as an  in d ica tio n  o f a t  le a s t p a r tia l  
cyclic d im eric  a ssoc ia tions, th e  rN H  b a n d  is diffuse and  ex ten d ed  to w a rd s  
th e  low er w ave n u m b ers  dow n to  2600 c m -1  in  S p e c tra  13 an d  15 of com pounds 
Im a n d  Io , re sp ec tiv e ly . In  th e  case o f Im , th e  b a n d  o f th e  N H  group  a t  position  
1 does n o t  becom e se p a ra te , b u t  th e  in te n s ity  is m u ch  h igher th a n  in  S p ec tru m  
15 o f com p o u n d  Io, a n d  th e  m ax im um  is a t  3160 c m “ 1 in s tead  o f 3080 c m -1 , 
show ing  th a t  th e  rN H  b a n d  of th e  m ore basic  g roup  a t  position  1 em erges a t 
h igher w ave n u m b ers .

Also in  th e  case o f th e  3 -m ethy l d e riv a tiv e  (In), th e  b a n d  (S p ec tru m  14) 
of th e  N H  group  a t  positio n  1 is b ro a d e r in  th e  d ith io h y d an to in  series, in 
acco rdance  w ith  th e  fo rm atio n  o f s tro n g e r h y d ro g en  bonds. T his is th e  co n 
sequence o f  th e  w eak er e lec tro n eg a tiv ity  o f th e  th io c a rb o n y l group .

A com bined , o r an  overto n e , b a n d  ap p ea rs  in  coalescence w ith  th e  rN H  
ab so rp tio n s  in  th e  sp e c tra  o f com pounds Im , Io a n d  In, a t  2930, 2885 an d  
3000 c m -1 , resp ec tiv e ly . P ro b ab ly  th ese  are com b in a tio n s o f v ib ra tio n s  o f 
th e  frequencies 1530 a n d  1440 c m -1 , o r o f 1520 a n d  1400 c m “ 1, or i t  co rresponds 
to  th e  o v ertone  o f th e  1520 c m “ 1 b an d .

T h ere  appears an  in tensive  b a n d  a t  1550— 1500 c m “ 1 in  th e  sp ec tra  o f  
all th e  fo u r d ith io h y d a n to in  com pounds, w h ich  o rig in a tes  from  th e  th io am id e  
group . T he w eak s tre tc h in g  v ib ra tio n  b a n d  a t  1500 c m “ 1 o f th e  a ro m atic
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rings is also coalesced in  th e  m ax im u m . T he c h a ra c te r  o f th e  v ib ra tio n  is 
rev ea led  b y  th e  changes o f re la tive  in te n s itie s  in  th e  fo u r sp ec tra . T he b a n d  is 
th e  s tro n g e s t in  S p ec tru m  13 of com p o u n d  Im , th a t  co n ta in s  tw o N H  g ro u p s; 
i t  is th e  w eakest in  S p ec tru m  16 of c o m p o u n d  Ip, t h a t  co n ta in s no N H  g ro u p . 
F u r th e r , i t  is m ore in ten s iv e  in  th e  case o f  com pound  Io (N H  a t  p o sitio n  3) 
th a n  in  In (w here th e  less po la r N H  g ro u p  a t  positio n  1 is p resen t w hich  can  
give rise to  re la tiv e ly  w eak  bands on ly ). A ll th is  u n eq u iv o ca lly  suggests t h a t  
in -p lane  d e fo rm atio n  (ßN H ) v ib ra tio n s  o f  th e  N H  g roups are  one o f th e  m ain  
c o n tr ib u to rs  to  th e  a p p ro p ria te  group  v ib ra tio n . T he fa c t th a t  th e  h a n d  is

)

Spectrum  14. 3 -M eth y l-5 ,5 -d ip h en y l-2 ,4 -d ith io h y d an to in , in K B r pe lle t

c o m p a ra tiv e ly  in ten s iv e  an d  sh ifted  o n ly  slig h tly  (by  20 to  40 c m -1) to w a rd s  
low er w ave n u m b ers  in  th e  sp ec tru m  o f Ip, co n ta in in g  no N H  groups, show s 
th a t  besides th e  /3NH v ib ra tio n s , th e  s tre tc h in g  v ib ra tio n  o f th e  C—N  b o n d  
(w hose o rd e r is increased  accord ing  to  th e  X III—XIV m esom erism ), o r  one 
o f th e  s tre tc h in g  v ib ra tio n s  o f th e  C —N  =  S g roup , is also a m ain  co m p o n en t 
of th e  g roup  v ib ra tio n  assignable to  th is  b a n d . In  sp ec tra  o f com pounds Im  
an d  Io, a ra th e r  in ten s iv e , b ro ad , an d  w ith  th e  la t te r ,  a d o u b le t ty p e  ab so rp tio n  
is found  a t  1450 c m '1. T his b an d  is a b se n t in  th e  sp ec tra  of In an d  Ip. T h u s 
th e  b a n d  is assignab le  to  th e  N H  group  a t  positio n  3, an d  i t  is due to  an  in d i
v id u a l bo n d  freq u en cy  (/?NH),

In  S p ec tru m  15 o f com pound  Io, fu r th e r  th ree  in ten siv e , sh arp  b a n d s  
a p p ea r w ith  m ax im a  a t  1400, 1270 a n d  1165 c m -1 . These b an d s are p re se n t 
also in  S p ec tru m  13 of com pound  Im , th e  f irs t  in  coalescence w ith  th e  b a n d  
a t  a b o u t 1450 c m '1, an d  th e  o th e r tw o  a t  a b o u t 1230 an d  1150 c m -1 , i.e. a t  
low er w ave n u m b ers  th a n  in Io. All th e  th re e  b an d s are  b ro ad e r th a n  in S pec
tru m  15 o f com p o u n d  Io.

T his allow s th e  conclusion th a t  th e se  b^nds are a ttr ib u ta b le  to  th e  
com plex  v ib ra tio n s  o f th e  NCS group c o n ta in in g  th e  carbon  an d  n itrogen  a to m s 
a t  positions 4 a n d  3, re spec tive ly . In  th e  case o f Im , th e  m ax im a are w idened  
ow ing to  th e  asso c ia tio n  estab lish ed  b y  th e  p a rtic ip a tio n  o f th e  th io ca rb o n y l 
g roup  a t  positio n  4 . In  com pound  Io, h y d ro g en  bonds are fo rm ed  un eq u iv o ca lly
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b e tw e e n  groups N H  a t positio n  3 a n d  C = S  a t  position  2, th e re fo re , th e  th io -  
c a rb o n y l g roup  a t  p o s itio n  4 is in  th e  m o n o m eric  s ta te . T he freq u en cy  d rop  in  
th e  tw o  low er w ave n u m b e r b an d s  b ro u g h t ab o u t b y  assoc ia tion , in d ica te s  
a v ib ra t io n  m ode th a t  is n e a r  to  t h a t  o f  th e  r C = S  bond  freq u en cy . W ith  re sp ec t 
to  th e  co rrespond ing  g roup  v ib ra tio n , th e  increased  freq u en cy  o f  th e  b a n d  o f  
th e  h ig h e s t w ave n u m b e r is ev idence  fo r a  rC —N  v ib ra tio n  m ode ( th e  p re 
v a len ce  o f lim itin g  s tru c tu re  XIV, w h ich  is m ore p ro b ab le  because o f asso 
c ia tio n , involves an  increase  in  th e  CN b o n d  order).

Spectrum  15. l-M e th y I-5 ,5 -d ip h en y l-2 ,4 -d ith io h y d an to in , in  K B r pe lle t

Spectrum  16. l,3 -D im eth y l-5 ,5 -d ip h en y l-2 ,4 -d ith io h y d a n to in , in  K B r pelle t

In  a d d itio n  to  th e  b a n d , a lre a d y  d iscussed , a t  1520 c m -1  in  S p ec tru m  14 
o f  co m p o u n d  In , an  in ten siv e  d o u b le t w ith  m ax im a  a t  1325 an d  1295 c m “ 1 
is fo u n d  to g e th e r w ith  an  in tensive  b a n d  a t  1100 c m “ 1, w hich  has a well 
d iscern ib le  sh o u ld er a t  a b o u t 1090 c m “ 1. T h e  presence of these  tw o bands m ay  
p ro b a b ly  be ascribed  to  th e  coupling  o f  th e  v ib ra tio n s  o f th e  tw o NCS g roups; 
th e  fo u r  m ax im a  m ig h t belong to  th e  in -p h ase  an d  ou t-o f-phase  rasNCS an d  
vsN C S v ib ra tio n s . T he freq u en cy  v a lu e  co rresponds to  a v C = S  v ib ra tio n  w ith  
a b o n d  o rd e r decreased  in  consequence o f  m esom erism . H ow ever, i t  is also p os
sib le  t h a t  sp littin g  a n d  th e  shou lder are  d u e  to  th e  s im u ltaneous p resence b o th  o f  
a sso c ia ted  an d  m onom eric  groups. Since o n ly  one N H  g roup  is p re se n t, o n ly  
one o f  th e  tw o C = S  bonds — obv io u sly  t h a t  a t  position  2 — can  p a r tic ip a te  
in  a n  associa tion .
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S pec trum  16 o f  co m p o u n d  Ip has only  tw o m a x im a  o f som ew hat low er 
in te n s ity  an d  a t  a sm alle r d istance  a p a r t , a t  1295 a n d  a t  1100 c m “ 1. This 
decreased  in te n s ity  is especia lly  conspicuous in  th e  b a n d  assigned  to  th e  sy m 
m etric  m ode of v ib ra tio n . T his fac t su p p o rts  th e  la t te r  p ossib ility . (E arlie r 
we h av e  p o in ted  o u t t h a t  associa tion  in  an  a sy m m e tr ic —sy m m etric  v ib ra tio n  
p a ir  increases th e  h a n d  in te n s ity  m ain ly  of th e  l a t te r  b y  m ak ing  th e  bo n d  
sy s tem  m ore po lar.)

3800 3600 3400 3200 3000 2800 2600 2400 2200.2000 Í1800 1600 1400 1200 1000 ' 800 700 800 500
cm"1

Spectrum  14a. 3 -M eth y l-5 ,5 -d ip h en y l-2 ,4 -d ith io h y d an to in , d isso lved  in  CHC13

D efin itive  ev id en ce  is fu rn ish ed  b y  S p ec tru m  14a o f com pound  In 
d isso lved  in  ch lo ro fo rm . H ere  on ly  tw o b an d s w ith  m a x im a  a t  1230 an d  1105 
c m “ 1 are  found : th e  rN H  b a n d  appears w ith  a w ave n u m b e r  h ig h er b y  300 cm “ 1, 
a t 3440 c m “ 1.

*

B esides th e  above-d iscussed  b an d s  of th e  C = 0 ,  C = S ,  an d  N H  groups, 
or o f g rea te r  u n its  com posed  o f th ese , th e  b an d s  o f  th e  a ro m atic  rings an d  
those  o f th e  m e th y l g ro u p s can  also be iden tified  in  th e  sp e c tra  o f h y d an to in s  
an d  th io h y d a n to in s . T hese  are  generally  w eak w ith  th e  ex cep tio n  o f th e  o u t-o f
p lane  d e fo rm ation  v ib ra tio n  b an d s o f th e  a rom atic  CH b o n d s an d  o f th e  a ro m atic  
rings a t  ab o u t 750 a n d  700 c m “ 1; th e y  ap p ea r in  th e  ran g es  expec ted . Some 
fu r th e r  w eak  h a n d s , due  to  heterocycles and  a ro m a tic  rin g s , or to  th e  defo r
m atio n  v ib ra tio n s  o f  th e  groups m en tioned , are p re se n t b u t  c an n o t be u n 
equ iv o ca lly  assigned .

Experimental

T h e  sp ec tra  (o f sam p les in  K B r pe lle ts , o r w hen d isso lved  to  a b o u t 0.1 m ole p e r litre , 
in  0.1 m m  NaCl c u v e tte s )  w ere reco rded  w ith  a  Zeiss U R -10  (J e n a )  doub le-beam  in fra red  
sp ec tro m ete r.

T h e  com pounds m en tio n ed  h a d  been  sy n thesized , a cco rd in g  to  m ethods described 
[19— 23],* b y  D r. J .  Nyitrai a n d  D r. K . Zauer, of th e  O rganic  C h em istry  D e p a rtm en t, T ech 
n ical U n iv e rsity , B u d a p e s t,  u n d e r  th e  d irec tion  of P rofessor K . Lempert, to  all o f w hom  m y  
th a n k s  a re  due for h a v in g  m ad e  these  su b stan ces availab le  fo r  s tu d y . F o r  tech n ica l a ssistan ce  
I th a n k  m y  co llab o ra to rs , M rs. A. Pap, Miss E . Horváth a n d  M iss K . Kurunczi.

* K . Lempert, a n d  K . Zauer are  th e  f irs t to  hav e  sy n th es ized  com pound Ik [24].

dcta Chim. Acad. Sei. Hung. 57, 1968



444 SOHÁR: NH STRETCHING VIBRATION BANOS, VI

SU M M A RY

T h e  in frared  sp e c tra  o f 5 ,5 -d ip h en y lh y d an to in , an d  its  th io - a n d  N -m e th y l d e riv a tiv e s  
h a v e  b een  studied . I t  h as b een  fo u n d  t h a t  all th ese  com pounds are  in  th e  d i-ca rb o n y l (carbonyl- 
th io -c a rb o n y l, or d ith io -c a rb o n y l)  fo rm s; ta u to m e rs  co n ta in in g  im in o h y d rin  o r th io-im ino- 
h y d r in  groups are n o t  fo rm ed . T he c a rb o n y l v ib ra tio n s  in  th e  d i-ca rb o n y l com pounds are 
c o u p le d , and  th e ir c h a ra c te ris tic s  a re  a ffec ted  b y  associations. In  th e  th io  d e riv a tiv e s, th e  
th io a m id e , th iou rea, an d  th io im id e  g roups show  specific g ro u p -v ib ra tio n  b a n d s  w ith  w idely 
v a r ie d  s tru c tu res . In  th e  sp e c tru m  o f th e  2 -th io  com pounds th re e  b a n d s , ch a ra c te ris tic  of th e  
g ro u p  N (H )C (S)N (H ), a p p e a r  in  th e  1550— 1480, 1350— 1250 a n d  1200— 1100 cm -1  ranges. 
I n  th e  sp ec tru m  of th e  4 -th io  com p o u n d s tw o  th io am id e  ban d s a p p ea r  in  th e  1450— 1350 and  
1350— 1250 cm -1  ranges. I n  th e  sp ec tru m  of 2 ,4 -d ith io h y d an to in s th e re  is one in ten siv e  b an d  
b e tw e e n  1550 and 1500 cm - 1 . I n  th e  sp e c tra  o f th e  tw o com pounds c o n ta in in g  th e  N H  group  
a t  p o s it io n  3, th ere  a p p ea rs  a n  in te n siv e  m ax im u m  also a t  a b o u t 1450 cm - 1 . T hese  tw o com 
p o u n d s  give rise to th ree  f u r th e r  b an d s  assignab le  to  th e  th io am id e  g ro u p , b e tw een  1435 and  
1400, 1270 and 1230, a n d  1165 an d  1150 cm ^ \  re spec tive ly . In  th e  sp e c tra  o f th e  tw o d e riv 
a tiv e s  co n ta in in g  3 -m eth y l g ro u p s, tw o  b an d s  a p p ea r a t  a b o u t 1300 a n d  1100 cm - 1 , re 
sp e c tiv e ly .

T b e  association p a t t e rn  is r a th e r  v a riab le . In  th e  f irs t  p lace, th e  carb o n y ls  a t  position  
2 a n d  th e  N H  a t p osition  3 a re  th o se  w h ich  form  stro n g  h y drogen  b o n d s. Som e o f th e  com 
p o u n d s  can  form  cyclic d im eric  a ssoc iation .

T h is  is th e  exclusive fo rm  o f a sso c ia tio n  in  th e  tw o 4 - th io -3 -n o n -su b stitu ted  com pounds, 
w h e re a s  on ly  a p a r t  o f th e  m olecu les o f th e  co rresponding  2-th io  d e r iv a tiv e s  becom es u n ited  
b y  th is  fo rm  of association . A  v a r ie ty  o f sim ple in te rm o lecu la r asso c ia tio n s is possib le  betw een 
th e  o th e r  molecules an d  b e tw ee n  th e  g roups a t  p ositions 1 an d  4.
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L’UTILISATION DES OLÉFINES PLUS ÉLEVÉES 
DE CRAQUAGE DANS L’OXO-SYNTHÈSE*

L . M a r k o  e t  M . F r e ü n d

( In s ti tu t  H ongrois du Pétrole et du  Gaz N a ture l, B udapest et Veszprém)  

R eçu  le 8 M ars 1968

D u  p o in t de v u e  des m atiè res p rem ières de la pé troch im ie  nous n ’avons 
a t tr ib u é  ju s q u ’à p ré se n t que p eu  d ’a tte n tio n  au x  oléfines d ’u n  poids m o lé
cu la ire  p lu s élevé, ré su lta n t des procédés th e rm iq u es  de craq u ag e , e t ceci 
pour d eu x  ra isons:

1. — Les p ro d u its  c o n te n a n t des oléfines o b ten u s  p a r  le c raq u ag e  th e r 
m ique so n t d ’une  com position  trè s  com pliquée e t en p lus, re la tiv e m e n t à la 
s tru c tu re  de ces o léfines trè s  peu  de données o n t é té  publiées ju s q u ’ici.

2. — Les o léfines de c raq u ag e  co n tie n n e n t to u jo u rs  des com posés de 
soufre q u i en  m a in ts  cas fo n t échec a u x  procédés c a ta ly tiq u e s  m o dernes.

A u cours de t r a v a u x  ex écu tés  à l’I n s t i tu t  H ongro is du P é tro le  e t  du  
Gaz N a tu re l nous avons élaboré une  tech n iq u e  m odifiée de l’oxo -sy n th èse  
qu i n ’es t pas su scep tib le  au  c o n ten u  de soufre des oléfines em ployées com m e 
m atiè re  p rem ière  e t q u i, en p lus, offre la  possib ilité  de p ro d u ire  d ire c te m e n t 
des alcools p rim aires  en  t r a i ta n t  des o léfines, de l’oxyde de carbone e t de l’h y 
drogène [1, 2], E n  p rem ie r lieu  n o tre  techno log ie  se p rê te  au  t ra i te m e n t des 
oléfines o b ten u es  p a r  le craquage d u  p é tro le , m ais p e u t aussi u tilise r d ’au tre s  
oléfines com m e m a tiè res  p rem ières [3]. J u s q u ’à p ré se n t nous avons le p lus 
d ’expériences avec les oléfines C7 e t les alcools oc ty liq u es p réparés à p a r t i r  de 
ces d e rn iè res; c’e s t p o u rq u o i, dan s ce qui su it nous n ’allons t r a i te r  que des 
ré su lta ts  y  re la tifs .

P o u rs u iv a n t nos recherches, nous nous som m es occupés en d é ta il de la 
s tru c tu re  des oléfines des p ro d u its  de c raquage  p o u v a n t ê tre  prises en  considé
ra tio n  com m e m atiè re  p rem ière  e t de celles des alcools p rim aires p rép a ré s  a 
p a r t i r  de ces dern iè res. Sur le T a b le a u  N° 1, nous avons p résen té  la  com po
sition  d ’oléfines C8 e t C7 de frac tio n s  b o u illa n t de 70 à 110 °C, des essences 
p ro d u ite s  p a r  le c raq u ag e  sé lec tif th e rm iq u e  de tro is  d ifféren ts p é tro les  b ru ts . 
Les d iffé ren ts  ty p e s  d ’oléfines o n t é té  dé te rm in és p a r  la spectroscop ie  in f ra 
rouge [4]; les h y d ro ca rb u re s  des o léfines ind iv iduelles p a r  la  ch ro m a to g rap h ie  
com binée à gaz e t à liquide.

* P ré se n té  p a r  M. Freund au  7e C ongrès M ondial du  P é tro le  à Mexico le 5 A vril 1967.
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Les données se r a p p o r ta n t  au x  ty p e s  d ’oléfines e t à la  com position  in d i
v id u e lle  des h y d ro c a rb u re s  o.léfiniques ne fo u rn issen t d ’in fo rm atio n s que  re la 
t iv e m e n t  à 40—80 %  d u  c o n ten u  d ’oléfines de l’essence de c raq u ag e . P a r  co n 
sé q u e n t, v u  les d ifficu ltés an a ly tiq u es , ces données ne p e u v en t ê tre  considérées 
com m e com plètes. C ep en d an t m êm e a insi elles so n t su ffisan tes p o u r d é te rm in e r 
que  les oléfines — quo iq u e  re p ré se n ta n t des com posés b ien  com pliqués 
c o n s is te n t en p rem ier lieu  en  oléfines a , e t  à l ’in té rie u r de celles-ci les oléfines 
in d iv id u e lle s  qui p e u v e n t ê tre  d ém o n trées  so n t s u r to u t le re-hexène-1 e t le 
nSheptène-1 . M e tta n t en  parallè le  ce fa it avec  les données de la  l i t té ra tu re  [5] 
se r a p p o r ta n t  au x  p ro p y lèn es dim ères ou  a u x  p ro p y lèn es-b u tilèn es  oligom ères 
d ’u n  po ids m oléculaire sim ilaire , il e st é v id e n t que les oléfines de c raquage  
C6— C7 so n t g én éra lem en t d ’une chaîne b ien  m oins ram ifiée.

D ’ailleurs c e tte  d ifférence se m an ifeste  aussi dans la  s tru c tu re  des oxo- 
alcools p rép arés  à p a r t i r  de ces oléfines. Le T a b le a u  N° 2 c o n tie n t la  p ro p o rtio n  
de g ro u p e  CH3/CH 2 de quelques oxo-alcools C8 de n o tre  p ro d u c tio n  e t d ’un  
p ro d u it  m is en c ircu la tio n  p a r  une m aison  é tra n g è re ; elles o n t é té  d é term inées 
à l ’a id e  de la spectroscop ie  in fra-rouge [6]. L a  p ro p o rtio n  C H 3/C H 2 est q u a li
ta t iv e m e n t  ca rac té ris tiq u e  de la  ram ifica tio n  m oyenne du  m élange isom érique 
de l ’a lcoo l octy lique  p a rce  que p lus un  o c tan o l co n tien t des chaînes la té ra les ,

Tableau I

Composition des oléfines C6 et C7 d 'une  fra c tio n  d'essence de craquage

Origine du pétrole brut craqué Hongrie Roumanie Soviétique

F rac tio n C ontenu en  oléfines % 37 42 37
d ’essence C ontenu en  soufre % 0,67 0,02 0,18

D oubles liaisons à l ’ex trém ité  
de la  chaîne, %  re la tif 52 39 36

en p a r tie  v yn ile  „ 48 35 31
en p a r tie  vynilidène  „ 4 4 5

D istrib u tio n D oubles liaisons
des o léfines in té rieu res  ,, 12 — 19
selon I es ty p es en p a r tie  cis ,, 4 — 4

en p a r tie  t r a n s  „ 8 — 15

D érivés d ’éthy lène  
tr isu b stitu é s  ,, 16 - 15

Oléfines n-Cf e t n-C7 „ 27,8 44,5 19,8
en p a r tie  oléfines a  „ 26,2 27,7 13,6

C om position en p a r tie  oléfines in té r . ,, 1,6 16,8 6,2
in d iv iduelle  
des oléfines Oléfines iso-C6 e t iso-C7 „ 19,2 20,3 18,5

Oléfines C(i e t C7 à noyaux  „ 2,9 7,4 2,7
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plus c e tte  p ro p o rtio n  sera  g rande. N a tu re lle m e n t ce tte  d é te rm in a tio n  est 
aussi v a lab le  pour les chaînes d ’h y d ro c a rb u re  en général.

O n p e u t vo ir q u e , com parés a u x  p ro d u its  p réparés à p a r t i r  d ’oléfines 
o ligom ères, les oxo-alcools ob tenus à p a r t i r  des oléfines de c raq u ag e  th e rm iq u e  
o n t le p lu s souven t des chaînes m oins ram ifiées. P a r  co n séq u en t leu r q u a lité  
a t te in t  to u t  au  m oins celle de ces d e rn iè re s . Selon nos expériences les alcools 
C8 p ro v e n a n t des o léfines de c raquage  se p rê te n t  aussi b ien  à la  p ré p a ra tio n  
des p la s tif ia n ts  de PVC du  ty p e  d io c ty lp h ta la te  que les a u tre s  alcools oc ty - 
liques de ty p e  d iffé ren t a y a n t été m is en  c ircu la tio n  dans ce b u t .  L a résis tan ce  
th e rm iq u e , la  flex ib ilité , la  résistance  à  la  ru p tu re  et la  ré s is tan ce  é lec trique  
des PVC p lastifiés p a r  des d io c ty lp h ta la te s  p ro d u its  à p a r t i r  de nos alcools 
a tte ig n e n t  e t m êm e en  quelque cas su rp a s se n t celle des é ch an tillo n s  p lastifiés 
p a r  des d io c ty lp h ta la te s  d ’une a u tre  orig ine. L ’u tilisa tio n  des oléfines de 
c raq u ag e  th e rm iq u e  com m e m atiè re  p rem iè re  de l’o x o -sy n th èse  n ’é ta it  pas 
possib le p a r  les technologies connues ju s q u ’ici, é ta n t d o n n é  que le soufre 
c o n ten u  dans la  m a tiè re  prem ière e n tra v e  l’hyd ro g én a tio n  c o n ta c t-c a ta ly tiq u e  
des a ld éh y d es, p ro d u its  p a r  l’h y d ro fo rm y la tio n  des oléfines [7]. D onc, concer
n a n t  c e tte  m atière  p rem ière , il s’im p o sa it d ’élaborer une te c h n iq u e  d iffé ren te  
de celle em ployée ju s q u ’à présen t.

N ous avons d é jà  plusieurs fois d o n n é  un  com pte re n d u  d u  fa it que, p a r  
la  m o d ifica tio n  des c irconstances de ré a c tio n  de l’h y d ro fo rm y la tio n  de l’oléfine 
(p a r l’au g m e n ta tio n  de la pression p a r tie lle  de l’oxyde de ca rb o n e  e t de la 
te m p é ra tu re ) , on p e u t hyd rogéner en  alcools les aldéhydes a in si fo rm és [1, 8, 9 ]. 
Ce p ro céd é  dénom m é p a r  nous «synthèse d irec te  de l’alcool» p e u t  donc réa lise r 
en une  seule o p éra tio n  les deux ré a c tio n s  su iv an tes:

R - C H  =  C H 2 +  CO +  H 2 -> R - C H 2- C H 2- C H O  

R - C H , =  C H 2 -  CHO +  H 2 — R - C H 2- C H , - C H ,O H

Tableau 2

R am ifica tion  de chaîne des molécules de quelques oxo-alcools

Origine de l’oxo-alcool Matière première oléfinique Origine de la matière 
première

La proportion de 
groupe CH3/CH2 
de l’oxo-alcool

Fractions d ’essence
de craquage th e rm iq u e

Hongrie 0,23

P rép a ré  su r base de nos 
expériences

R oum anie 0,20

Essence F isch e r—T ropsch , 
n-a-oléfines

A llem agne D ém . 0,11

«Alcool isooctylique» de 
p ro d u c tio n  é trangère C3 -f- C4 oligom ères

'

O
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Ces deux  ré a c tio n s  so n t ca ta ly sées p a r  des carb o n y les  de coba lt, lesquels 
ex e rc e n t leu r a c tio n  sous form e de ca ta ly seu rs  hom ogènes dissous dan s le 
m élange de réac tio n . L ’h y d ro g én a tio n  d ’aldéhydes selon  la  deuxièm e é q u a tio n  
de réac tio n  diffère donc  fo n d a m e n ta le m en t e t th é o riq u e m e n t des h y d ro g é n a 
tio n s  d ’aldéhydes u s itée s  ju s q u ’à p ré se n t, p a r  le f a i t  m êm e q u ’elle co n s titu e  
u n  p rocédé c a ta ly tiq u e  hom ogène e t n o n  h é té rogène .

On sa it que les ca ta ly seu rs  de l’h y d ro g é n a tio n  hétérogène p e rd e n t le u r 
a c tiv ité  en présence de d ifféren tes c o n ta m in a tio n s , n o ta m m e n t des in h ib ite u rs  
de ca ta ly se . P a rm i les in h ib iteu rs  de ca ta ly seu rs  les com posés du  soufre so n t 
u n  des groupes les p lu s  connus, en présence  desquels l ’h y d ro g én a tio n  en alcool 
des aldéhydes n ’é ta i t  ju s q u ’à p résen t p as  possible [7] p a r  u n  procédé app licab le  
aussi dans la p ra tiq u e . L a  l i t té ra tu re  c o n te n a it des données co n trad ic to ires  
re la tiv e m e n t à la  façon  d o n t les com posés de soufre in flu e n c e n t l’h y d ro g én a tio n  
hom ogène c a ta ly tiq u e  d ’aldéhyde e t en  m êm e te m p s  l ’h y d ro fo rm y la tio n  [9]. 
E ta n t  donné, c e p e n d a n t, q u ’il s’ag it ici d ’une h y d ro g én a tio n  c a ta ly tiq u e  
fo n d am en ta lem en t d iffé ren te , il sem ble donc ju s tif ié  d ’ex am in e r ce tte  q u es tio n  
à  fond .

N ous avons d é m o n tré  q u ’en fo n c tio n  de leu r s tru c tu re  les com posés o rg a 
n iq u es soufrés em p êch en t l’h y d ro g én a tio n  c a ta ly tiq u e  hom ogène des a ldéhydes 
en  présence des c a ta ly se u rs  de co b a lt-ca rb o n y le  [11]. L ’ac tio n  in h ib itrice  de 
com posés soufrés ex am in és  p a r  nous s’acc ro ît selon l ’o rd re  su iv an t: th io é th e rs  
sa tu ré s , th iophène té tra h y d ro th io p h è n e  <7 a lly lth io é th e rs  <7 m ercap tan s , d i
su lfu res, th io p h én o l <7 su lfu re  de ca rb o n e .

Les deux  p rem ie rs  m em bres de la  série , donc les th io é th e rs  sa tu rés  e t  le 
th io p h è n e , son t en p ra t iq u e  sans effet.

L ’effet in h ib ite u r  de ca ta ly se  des com posés o rg an iq u es soufrés au g m en te  
dan s u n  ordre  sim ilaire , lors de l’hy d ro fo rm y la tio n  des oléfines [5], Cela in d iq u e  
que l’ac tion  in h ib itrice  p e u t ê tre  exp liquée  p a r  les ré a c tio n s  en tre  les com posés 
soufrés e t les ca rb o n y les  de coba lt c a ta ly s a n t les d e u x  réactions. Selon nos 
expériences les com posés nocifs de soufre  réd u isen t co n sid érab lem en t la  con
c e n tra tio n  des carb o n y les  de cobalt d issous dans le m élange de réaction  de la 
sy n th èse , e t ind isp en sab les  du  p o in t de v u e  de la  c a ta ly se . Ils condu isen t en 
m êm e tem p s vers la fo rm a tio n  de résidus solides c o n te n a n t  du soufre e t du  
co b a lt. De ce fa it n o u s pouv o n s conclure , e t d ’ailleurs cela  a été dé jà  p ro u v é , 
que sous les c irco n stan ces de réac tio n  de la  sy n th èse  les com posés nocifs de 
soufre c a ta ly tiq u e m e n t in a c tif  tra n s fo rm e n t e ssen tie llem en t les carbony les 
de co b a lt en su lfure  de co b a lt.

Selon nos m esu rag es 50 — 90 %  des com posés soufrés se tro u v a n t dans 
les oléfines de c raq u ag e  th e rm iq u e  so n t des com posés d u  ty p e  th io é th e r  e t 
th io p h èn e , c’est-à -d ire  q u e  du  p o in t de v u e  de l ’h y d ro fo rm y la tio n  de l ’oléfine 
e t de l’hy d ro g én a tio n  de l’a ldéhyde, ils p e u v e n t ê tre  considérés com m e é ta n t  
in e rte s . Les 10 %  à 50 %  su b s is ta n t so n t p résen ts  sous fo rm e de m ercep tan s

Acta Chim. Acad. Sci. Hung. 57, 1968



MARKÔ, FREUND: L’UTILISATION DES OLÉFINES 449

e t  de d isu lfures, l’é lim ination  desquels — p articu liè rem en t celle des d isu lfu res — 
es t im possib le de réso u d re  sim p lem en t. Afin d ’élabo rer une techno log ie  a p p ro 
p riée  au  tra i te m e n t des oléfines de e raq u ag e  soufrées, il s’im p o sa it que nous 
nous occupions en  d é ta il des ré a c tio n s  des m ercap tan s  e t  d isu lfures avec les 
carbony les de co b a lt. A fin d ’o b te n ir  u n  m eilleur a spec t des d ifféren tes c irco n 
s tan ces , nous avons n a tu re llem en t é te n d u  nos expériences à d ’au tre s  com posés 
de soufre , m ais nous ne désirions p a s  m a in te n a n t nous occuper en d é ta il des 
ré su lta ts  ob tenus.

N ous avons d ém o n tré  que les d ico b a lt-o c taca rb o n y les  e t les m e rc a p ta n s  
ou  b ien  les d isu lfu res réag issen t d é jà  à une te m p é ra tu re  a m b ian te , ce qu i 
cause la  fo rm atio n  de différents d ériv és  de carbonyles de co b a lt c o n te n a n t 
du  soufre [12]. P a rm i ces com plexes ceu x  a y a n t une com position  de Co3(CO)9S 
e t Co3(CO)6(S)(SR) se son t avérés les p lu s im p o rta n ts , p arce  q u ’on a p ro u v é  
que les m ercap tan s e t  les d isulfures, d a n s  les cond itions de l ’h y d ro fo rm y la tio n  
e t de l ’h y d ro g én a tio n  des a ldéhydes, tra n s fo rm e n t les carbony les de c o b a lt 
c a ta ly tiq u e m e n t ac tifs  en ces com plexes [2]. Ces dérivés du  carb o n y le  de 
co b a lt su lfurés so n t d ’une p a r t c a ta ly tiq u e m e n t in ac tifs , ils p e u v e n t donc 
ê tre  considérés com m e des c a ta ly se u rs  inh ibés, d ’a u tre  p a r t ,  p e n d a n t la  
fo rm a tio n  du  su lfu re  de cobalt, ils se décom posen t g rad u e llem en t, ce qui 
a b o u tit  à la  sép a ra tio n  e t à la  d é sa c tiv a tio n  finale  du  co b a lt.

E n  dehors des com plexes m en tio n n és  nous som m es à m êm e de p ro d u ire  
e t d ’id en tifie r de n o m b reu x  au tre s  dérivés soufrés de carbony les de c o b a lt, 
m a ix  ceux-ci ne so n t in té ressan ts  q u e  d u  p o in t de vue de la  chim ie des co m 
p lexes [13].

Com m e il a p p a ra î t  de la fo rm ule  le Co3(CO)9S e t le Co3(CO)6(S)(SR ) co n 
tie n n e n t u n  atom e de soufre so lita ire . Ce qu i ind ique  que les carbony les de 
co b a lt p e u v en t e x tra ire  du soufre des m ercap tan s  e t des d isu lfu res. O n a p u  
p ro u v e r  q u ’au  cours de ce procédé, le groupe d ’alkyls des m e rc a p ta n s  e t des 
d isu lfu res se tra n sfo rm e  en p rem ie r lieu  en h y d ro ca rb u re s  sa tu ré s  selon la  
fo rm ule  de réac tions schém atique  su iv a n te  [12]:

R S H (R S S R ) C°’(C0)8 ^ R H , R - R

Sur base de nos connaissances, c e tte  désu lfu ra tio n  se m an ifeste  sous les 
co n d itions les plus m odérées, en re la t io n  avec les m éthodes connues ju s q u ’à 
p ré se n t, c’est-à-d ire  que les réac tio n s  susm entionnées se jm oduisent à une  
te m p é ra tu re  a m b ia n te , comme nous l ’avons d ’ailleurs dé jà  m en tionné .

L ’effe t in h ib ite u r  qui s’exerce donc su r l’h y d ro fo rm y la tio n  des m e r
c a p ta n s  e t des d isu lfu res e t sur l ’h y d ro g é n a tio n  hom ogène c a ta ly tiq u e  des 
a ldéhydes s’explique f in a lem en t p a r  le fa i t  que, p a r  les com plexes de carbony les 
de co b a lt soufrés, il tran sfo rm e  les c a rb o n y le s  de coba lt c a ta ly tiq u e m e n t ac tifs  
en  su lfide de coba lt. E n  face de ce t é t a t  de choses, la  questio n  est de sav o ir 
p o u r quelle ra ison  il ne se form e pas de n o u v eau  du  Co2(CO)8 c a ta ly tiq u e m e n t
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a c tif  à p a r t i r  du su lfu re  de cobalt sous les cond itions de la sy n th èse , s im ila ire
m e n t que  à p a r tir  de p lu sieu rs  au tres  com posés de coba lt.

C ette  question  p e u t  ê tre  tra n c h é e  p a r  de sim ples calculs th e rm o d y n a 
m iq u es. I l es t possib le de calculer que la  v a ria tio n  de l’en th a lp ie  lib re  des 
ré a c tio n s  en tre  les su lfu res  de coba lt e t  les oxydes de carbone est te llem en t 
d é sav an tag eu se  que la  co n cen tra tio n  nécessa ire  d u  carb o n y le  de co b a lt ne 
p e u t ê tre  g a ran tie  q u ’à  des pressions e x trê m e m e n t élevées [2]. L a fo rm a tio n  
d u  su lfu re  de co b a lt d o it donc être  considérée com m e une réac tio n  irréversib le  
dan s les c irconstances de réac tio n  de l’h y d ro fo rm y la tio n  ou b ien  de la  syn thèse  
d irec te  de l’alcool.

I l  s’ensu it que selon  nos connaissances p résen tes la  fo rm atio n  du  su lfu re  
de c o b a lt ne p e u t p o in t ê tre  évitée au  cours de la  tra n s fo rm a tio n  des oléfines 
de c raq u ag e  c o n te n a n t des m ercap tan s  e t  des d isu lfu res. D onc en t r a i ta n t  de 
pare illes  m atières p rem iè res , il fa u t to u jo u rs  co m p te r avec la  d é sac tiv a tio n  
p a rtie lle  du  ca ta ly seu r. C ependan t, nous som m es arrivés à résoudre  ce p rob lèm e 
du  p o in t de vue p ra t iq u e  e t tech n o lo g iq u e , in d ép en d am m en t de ce fa it. L a 
c irco n stan ce  que l ’in h ib itio n  des c a ta ly seu rs  de carbony le  de cobalt n ’est au  
ju s te  q u ’une réac tio n  s toech iom étrique , nous est venue en aide ici au  cours de 
ce p ro céd é : les m e rc a p ta n s  e t les d isu lfu res de co b a lt, p ro p o rtio n n e llem en t à 
leu r q u a n tité , se tra n s fo rm e n t eux-m êm es en  h y d ro ca rb u re s  sa tu rés  e t in ertes . 
D onc les carbonyles de cobalt qui su b s is te n t p e u v e n t ensu ite  exercer le u r 
a c tio n  c a ta ly tiq u e  san s d ifficu lté . Ceci e s t e ssen tie llem en t d iffé ren t des procédés 
c a ta ly tiq u e s  h é té ro g èn es, ou déjà la  m o in d re  q u a n tité  d ’in h ib ite u r  p eu t causer 
la d é sa c tiv a tio n  co m p lè te  du lit de ca ta ly se u r.

C ette  d ifférence v irtu e lle  offre u n e  possib ilité  p o u r la  so lu tion  p ra tiq u e . 
E n  e ffe t si on em plo ie u n  ca ta ly seu r de co b a lt d ’une  q u a n tité  su ffisam m en t 
g ra n d e , on p e u t t r a i t e r  des m atières p rem ières d ’u n  p o u rcen tag e  de soufre 
v a r ia b le . U ne p a r tie  d u  cobalt désu lfu rise  p a rtie lle m e n t la  m atiè re  p rem ière , 
c’est-à -d ire  que s im u lta n é m e n t avec la  fo rm a tio n  du  su lfure de co b a lt, il 
é lim ine les m e rc a p ta n s  e t  les d isu lfures nocifs, ta n d is  que l’a u tre  p a rtie , sous 
fo rm e de ca ta ly seu r, a ssu re  l ’h y d ro fo rm y la tio n  e t la  réd u c tio n  de l ’a ld éh y d e .

N ous avons réu ss i à réaliser ce p rin c ip e  sous form e d ’un  procédé c o n tin u . 
L a  rec ircu la tio n  économ ique du co b a lt e s t essen tie lle , é ta n t  donné q u ’il f a u t  
rég én é re r le su lfu re  de cobalt ainsi fo rm é. N o tre  p rocédé a é té  réalisé dan s 
u n e  usine p ilo te  d ’un e  capacité  annuelle  de quelques cen ta ines de to n n es .

R É S U M É

J u s q u ’à  p ré sen t on  n ’a a ttr ib u é  que p eu  d ’a tte n tio n  aux  oléfines p lus élevées o b ten u es  
p a r  le procédé de c raq u ag e  therm iq u e  com m e m a tiè re  p rem ière  p o u r l’oxosynthèse .

B asé su r l’h y d ro g é n a tio n  c a ta ly tiq u e  hom ogène  des a ld éh y d es , on a  réussi à dév elo p p er 
u n  p rocédé  con tin u  p o u r  l ’oxo-syn thèse  d irec te  des alcools. Ce procédé n ’est pas su scep tib le  
à l ’em po isonnem en t c a ta ly t iq u e  p e r  des com posés su lfu riq u es , re p ré se n ta n t p a r  ce fa it  u n  
t r a i t  c a rac té ris tiq u e  trè s  im p o r ta n t  du  p o in t de v u e  de l ’u tilisa tio n  in d ustrie lle  des oléfines 
de  c raq u ag e  q u ’on p e u t  fac ilem en t o b ten ir à p a r t i r  d u  pétro le .
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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

Optical Rotatory D ispersion and  C ircular D ichroism  in  Organic C hem istry. 
In c lu d in g  A p p lica tio n s  from  Inorg a n ic  Chem istry and  B iochem istry . (E d ito r : 
G. S n a t z k e ). P ro ceed in g s o f  N A T O  Sum m er School he ld  a t  B onn , 2 4  S ep 
te m b e r— 1 O cto b er 1 9 6 5 .  H ey d n  a n d  Son L td . L ondon , 1 9 6 7 ,  pp. 4 1 6 .

P h y sica l m e th o d s o f m easu rem en ts, develop ing  a t  a  ra p id  p ace , p lay  a role o f s te ad ily  
in creas in g  im p o rtan ce  in  th e  solution o f  s tru c tu ra l  and  ste reochem ica l p rob lem s in  o rg an ic  
c h em istry . In  th e  la s t  d ecad e  th e  m eth o d s o f  o p tica l ro ta to ry  d ispersion  (O R D ) and  c ircu la r 
d ich ro ism  (CD) h av e  fo u n d  w ide-spread a p p lic a tio n  in  th e  re sea rch  of o p tica lly  ac tiv e  com 
p o u n d s. T h ough  b o th  p h en o m en a  have  b e e n  kno w n  since th e  y ears  o f th e  la s t  c en tu ry , th e y  
w ere n o t  p u t  to  g en era l u se , owing to th e  la c k  of a d eq u a te  in s tru m e n ts . T he la s t  decade w it
nessed  essen tia l changes in  th is field . S e v e ra l co n v en ien t in s tru m e n ts  (sp ec tro p o la rim ete r , 
d ich ro g rap h ) becam e com m ercially  a v a ilab le , an d , as a  consequence of th is  fa c t, th e  n u m b e r 
o f  p u b lic a tio n s  dealing  w ith  th e  in v es tig a tio n  and  possible ap p lica tio n s  o f  o p tica l ro ta to r y  
d isp e rsio n  an d  c ircu la r d ichro ism  su d d en ly  increased .

I n  view  of th e  g re a t  in te res t o f  o rg a n ic  chem ists in th e  possib ilities offered  b y  th e se  
m e th o d s , a Sum m er School was organ ized  a t  B onn  by  P rof. G. Sn a tzk e  in  th e  a u tu m n  of 
1965. T he lec tu res d e liv e red  a t  th is School h a v e  now  been  p u b lish ed  in  book  fo rm , as re q u este d  
b y  th e  p a r tic ip a n ts  o f th e  School.

C onsequently , th e  p re sen t w ork is n o t  a m onograph , b u t  th e  p r in te d  collection  o f  a  
series o f lec tu re s ; h o w ev er, i t  combines th e  a d v an tag e s  offered  b y  b o th  ty p es  o f p re se n ta tio n  
in  a  successful way. On th e  one hand , i t  w as possib le  to  g a th e r  a t  th is  School th e  m ost p ro m 
in e n t  re sea rch  w orkers o f  th e  two m e th o d s  from  all over th e  w orld . T hus, th e  re a d e r  is 
a cq u a in te d  w ith  th ese  m eth o d s  no t th ro u g h  th e  m ed ita tio n  o f o n ly  one, how ever b rill ia n t, 
re sea rch er b u t  b y  c o m p arin g  th e  opinions o f  a  n u m b er o f d iffe ren t a u th o rs , he m ay  fo rm  a 
re la tiv e ly  o b jec tiv e  p ic tu re  o f  th e  field. O n th e  o th e r  han d , th e  s tru c tu re  o f th e  book resem bles 
t h a t  o f  a m o nograph , as th e  successive c h a p te rs  (lec tures) a re  lin k ed  to  each  o th e r  to  give 
a d id ac tic a lly  hom ogeneous tra in  of ideas.

T h e  f irs t  q u a r te r  o f  th e  book, w hich  c o n ta in s  a lto g e th e r 23 c h ap te rs  (lec tures), com prises 
a g en era l in tro d u c tio n  b y  P . Crabbé a n d  C. D . D je r a s s i a n d  th e  lec tu re s  o f A. M oscow itz  
a n d  S. F . Mason  dealing  w ith  th e  th eo ry  o f  th e  C otton  effect. T hese  a re  follow ed b y  a  c ritica l 
su rv ey , b y  F . W o l d b y e , o f th e  types o f in s tru m e n ts  availab le  fo r th e  tim e  being, an d  o f th e  
p rin c ip les  o f th e ir  o p e ra tio n . This ch ap ter is o f  p a r tic u la r  p ra c tic a l v a lu e  fo r re sea rch  w orkers.

In  th e  o th er p a r ts  o f  th e  work, th e  scope  o f th e  ap p lica tio n  o f o p tica l ro ta to ry  d ispersion  
a n d  c irc u la r  d ichroism  a re  presen ted . T h is p a r t  is classified acco rd ing  to  th e  m o st im p o r ta n t  
ch ro m o p h o re  fu n c tio n a l g roups, s ta r tin g  w ith  th e  carbony l co m pounds, w hich  hav e  b een  
in v e s tig a te d  m ost th o ro u g h ly  (W. K l y n e ), th ro u g h  co n ju g a ted  sy s tem s (K . M isl o w ), to  a 
d iscussion  o f th e  ch ro m o p h o re  deriva tives o f  “ tra n s p a re n t”  com pounds (B . Sjö b e k g ). Several 
c h a p te rs  a re  d evo ted  to  th e  effects w hich c an  be  a tta in e d  in  o p tica l ro ta to ry  d ispersion  an d  
in  c ircu la r dichroism  b y  v a ria tio n s  o f th e  m ed iu m  (A. R assat , A. M osco w itz) an d  th e  te m 
p e ra tu re  (G. Sn a t zk e), a n d  possibilities o f u til iz in g  these  effects a re  p o in te d  ou t. T he genera l 
d iscussions are co m p lem en ted  by  c h ap te rs  sum m ariz in g  experiences o b ta in e d  in  th e  d e te r 
m in a tio n  o f th e  ste ric  s tru c tu re s  (seco n d ary  s tru c tu re )  of p a r tic u la r  g roups of co m pounds, 
such  as in o rgan ic  com plexes (F . W o l d b y e , S. F . Mason), p o ly p ep tid es an d  p ro te in s (E . R . 
B lo u t), a n d  h igh  p o ly m ers (P . P in o ).

T h e  organic ch em ist w ho is g e ttin g  a c q u a in te d  w ith  th is  fie ld  f in d s useful help  in som e 
lec tu re s  w hich  com pare  th e  scope of a p p lic a tio n s  o f O R D  an d  CD w ith  each  o th e r, an d  w ith  
o th e r , b e t te r  know n, p h y sic a l m ethods (N M R ).

T h e  exam ples d iscu ssed  in  the  le c tu re s , corresponding  to  th e  fields w hich  hav e  b een  
m o st th o ro u g h ly  in v e s tig a te d  so far, re la te  m a in ly  to  ste ro ids a n d  te rp en es . T his , how ever, 
does n o t  p re v e n t g en era liza tio n  of th e  re g u la r it ie s , or th e ir  a p p lic ab ility  to  o th e r g ro u p s of 
com pounds.
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T h o u g h  some of th e  m a te ria l con ta ined  in  th e  book has been  av a ilab le  in o th e r m ono
g rap h s , th e  p re sen t co llection  offers the  m ark ed  a d v a n ta g e  th a t  i t  co n ta in s m ore th a n  final 
an d  f in ish ed  research  re su lts  a n d  finally  e stab lish ed  opinions. T he lec tu re s  tru ly  re flect th e  
c u rre n t p rob lem s of m eth o d s  w hich  have passed  th e  in itia l stage an d  are  in th e  process o f  
d y n am ic  developm en t. In  a d d itio n  to  exam ples illu s tra tin g  ro u tin e  use, a  n u m b er o f o th e r 
fields o f possib le ap p lica tio n s a re  also discussed, w here  only th e  f ir s t  step s h av e  been m ade so 
fa r; a tte n tio n  is called to  som e challenging p ro b lem s aw aitin g  so lu tion , such  as those  in th e  field  
of th e  m ag n e tic  m easu rem en t o f  op tical a c tiv ity  (M O R D  an d  MCD).

C onsequen tly , th is  in te re s tin g  series o f le c tu re s  p resen ts  u sefu l in fo rm a tio n  on a h igh 
level to  all read ers  in te re s te d  in  broadening  th e  scope of ap p lica tio n  of th e  tw o m ethods, and  
to  th o se  w ho desire to  lea rn  a n d  use m ethods o f o p tic a l ro ta to ry  d ispersion  an d  c ircu la r dichro- 
ism  as ro u tin e  p rocedures in  th e  e lucidation  o f th e  fin e  s tru c tu re  o f o p tica lly  ac tiv e  organic 
m olecules.

I. P i n t é r

G. H . N a n c o l l a s : In te ra c tio n  in  E le c tro ly tic  Solutions. E lsev ier, A m ste r
d am , 1966, X  -\- pp . 214

T h e  title  o f th is  in te re s tin g  book is a h i t  m islead ing  because  from  am ong th e  v a s t  
n u m b er o f  d ifferen t ty p es o f in te rac tio n s  in e le c tro ly tic  so lu tions on ly  th e  p ro b lem s of io n -p a ir 
fo rm a tio n  are  tre a te d  th o ro u g h ly , and  some im p o r ta n t  ty p es  of com plexes a re  n o t m entioned  
a t  all.

T h e  book consists o f  six  C hapters an d  a n  A pp en d ix  co n ta in in g  seven Tables. T he 
In tro d u c tio n  clearly  su m m arizes th e  basic in fo rm a tio n  on th e  s tru c tu re  o f w a te r  an d  on th e  
ion ic  th eo ries . The follow ing tw o  C hapters deal w ith  th e  ex p erim en ta l m eth o d s an d  calcu la tion  
p ro ced u re s fo r th e  d e te rm in a tio n  of equ ilib rium  c o n stan ts . A lth o u g h  th e  tre a tm e n t is very  
lucid  i t  is un like ly  th a t  a no v ice  will be able to  m ak e  use of th e  m eth o d s w ith o u t consu lting  
o th e r  books or th e  o rig ina l re sea rch  papers.

T h e  m ost v a lu ab le  p a r ts  o f th e  book are  C h ap te rs  4 an d  5 in  w hich  th e  re la tio n sh ip s 
in v o lv in g  th e  equ ilib rium  c o n s tan ts  and  th e  th e rm o d y n am ic  p ro p e rtie s  o f com plexes are 
c learly  tra e te d . In  th e  re ce n t developm ents in th ese  fields th e  a u th o r  h im self p lay ed  a p rom inen t 
role.

T h e  concluding C h a p te r  tre a ts  some m ech an is tic  aspects of com plex  fo rm atio n ; how 
ever th is  p a r t  is too sh o rt to  give an  ad eq u a te  a cc o u n t on th is  ex trem ely  im p o r ta n t  area.

E a c h  C hap ter is fo llow ed  by a well chosen lis t  o f im p o rta n t references. In  th e  A ppendix  
re liab le  th erm o d y n am ic  fu n c tio n s  for a n u m b er o f com plex system s are  tab u la te d .

T h e  ty p o g rap h y  of th is  readab le  book is ex ce llen t. T he book is a v a lu ab le  co n trib u tio n  
to  th e  l i te ra tu re  of so lu tio n  ch em istry  an d  p a r tic u la r ly  recom m ended  to  ad v an ced  s tu d e n ts  
in te re s te d  in  th is  field.

M. T. B e c k

Elem entbildung und  K orrosion , B and  19. V erlag  C hem ie, G M B H , W einheim / 
B e rg s tr . 1967. 171 S., 216 A bb. u n d  30 T ab .

Die 19. K orrosions-V eröffen tlichung  des V erlag s Chem ie, m it den  e inzelnen V orlesungen 
de r in  F ra n k fu r t  am  M ain am  28. u n d  29. O k to b er 1965 geh alten en  V o rtrag sse rie , is t erschienen. 
D ie V ortragsserie  b e h a n d e lt  d ie E n ts teh u n g sm ö g lich k eiten  de r K orrosionselem en te . Im  e rsten  
A rtik e l g ib t H. K a esc h e  e inen  Ü berblick ü b er die R olle  der K orrosionselem en te  in den e lek tro 
chem ischen  K o rrosionsvorgängen . Zwei V orlesungen  befassen sich m it de r R olle der G ru n d 
m eta lle  u n d  ih rer M eta llüberzüge. E. R aub zeig t, wie die in diesen F ä llen  a u ftre te n d e  K o rro 
sion d u rc h  den S a u e rs to ffg eh a lt des E le k tro ly ts  b e e in flu ß t bzw. wie ü b e r den S au ersto ff
g e h a lt des E le k tro ly ts  d e r V erlau f der K orrosion  k o n tro llie rt w erden k a n n . E. E b er iu s  s tu 
d ie rte  das System  Fe(Z n)M inium  in A b h än g ig k eit vom  p H -W ert, u n te r  B erücksich tigung  
des au s dem  M inim um  g eb ild e ten  Bleis. E r  w eist d a ra u f  h in , daß  im  F a lle  von Z inküberzügen 
ke in  M inium  verw en d e t w erd en  darf.

S tru k tu re lle  H e te ro g e n itä te n  spielen bei d e r E n ts te h u n g  von K orrosionselem enten  eine 
w ich tige  R olle. So k o n n te n  z. B. H ofmann  u n d  M ita rb e ite r  fe sts te llen , daß  die K orrosions
b e stä n d ig k e it  in S chw efelsäure  du rch  den K u p fe rg eh a lt von B lei g este ig ert w ird , w ährend
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N ickel a u f  die in te rk r is ta llin e  K orrosion e n tsch ied e n  fö rd ern d  w irk t. H a rtb le i h a t  v o rte ilh a fte  
E ig en sch aften , reines Blei weniger. In te re s s a n t  is t die F ests te llu n g , daß  die in Schw efelsäure  
au sg eb ild e te  S ch u tzsch ich t des Bleis in E rm ü d u n g sv e rsu ch e n  a llm ählich  zu g ru n d e  ging. 
H . E . B ü h l e r  u n te rsu c h te  die C r-N i-S täh le  vom  G esich tsp u n k t der S to ff te x tu r-H e te ro 
g e n itä t,  w äh ren d  A. B ä u m e l  die beim  S ch w eiß en  von  S tah l au ftre ten d en  se lek tiv en  K o rro 
sionsvorgänge  s tu d ie rte . E r  fand , daß an  u n leg ie rte m  S tah l zwischen der n ic h t  v o lls tän d ig  
e n tz u n d e rte n  P la tte  u n d  d e r Schw eißfläche e in  K orro s io n se lem en t geb ildet w ird . D ie Schw eiß
n a h t  k o rro d ie rte . E in e  K orrosion  k o n n te  je d o c h  a u ch  zw ischen e n tz u n d e rte r  P la tte  u n d  
Schw eißstelle  b e o b a c h te t werden. Bei M n -C r-S täh len  scheide t sich in e in e r b e s tim m ten  
E n tfe rn u n g  von de r N a h t  Chrom carbid au s, bzw . in M eerw asser t r i t t  eine in te rk r is ta llin e  K o r
rosion  auf. In te rk r is ta ll in e  K orrosion k a n n  a u c h  an  den  Schw eißste llen  des m it  Al g em ild erten  
S ta h ls  b e o b a c h te t w erden . E r  be faß t sich a u c h  m it de r F rag e , wie die A usscheidung  v o n  C hrom 
carb id  v e rm ieden  w erd en  kan n , und  w e lch en  E in flu ß  das D e lta -F e rrit a u f  das K o rro s io n s
v e rh a lte n  von  au sten itisch e n  geschw eißten W erk s tü c k en  a u sü b t.

E .  F o t  s tu d ie r te  d ie G rap h itisa tio n  v o n  G ußeisen  im  Falle  von v ersch iedenen  G ußeisen
so rte n  u n d  v e rsch iedenen  A ngriffsm edien. H . L ü d ig e r  zeig t die Rolle d e r versch ied en en  
S tru k tu rb ild n e r  u n d  d e r M ischkristalle beim  e lek tro ch em isch en  A tzen.

D ie A rb e it von  W . R . F ischer  b e fa ß t  sich m it dem  Schutz  m itte ls  L o k a lk a th o d en . 
W en n  M etalle, die p a ss iv ie r t werden k ö n n e n , m it L o k a lk a th o d en  in B e rü h ru n g  kom m en , 
e rh a lte n  sie einen ano d isch en  Schutz, falls d ie  k ritisc h e  passiv ierende S tro m d ich te  d u rc h  den 
K a th o d en v o rg a n g  e rzeu g t w ird. P la tin m e ta lle  s in d  besonders g u te  L o k a lk a th o d en  sowie auch  
K ohle u n d  H a lb le ite r-O x y d e . Von diesen g e n ü g t b e re its  eine geringe Menge. D ie k a th o d isc h  
w irk en d en  K o m p o n en ten  k ö n n en  in das M e ta ll leg ie rt oder au ch  m it diesem  v o n  au ß en  h e r in 
B e rü h ru n g  g e b rach t w erden .

D ie d u rch  das M etall u n d  die d a ra u f  b e fin d lich e  S ch u tzsch ich t g eb ilde ten  K o rro s io n s
e lem en te  w erden  im  R a h m e n  einer se p a ra te n  G ru p p e  b eh an d e lt.

G. H e r b s l e b  s tu d ie r te  beim  E isen  u n d  bei den  C r-N i-S täh len  die M öglichkeiten  der 
an m it e iner P a ss iv isch ich t überzogenen M e ta llen  a u ftre te n d e n  L ochkorrosion . L. Graf 
b e o b ach te te  bei hom ogenen  M ischkristallen  e in e  E lem en tb ild u n g . E r ste llte  fe s t, d aß  ein E le 
m en t g eb ild e t w erden k a n n , wenn das L eg ie ru n g sm e ta ll ed ler als das G ru n d m e ta ll i s t  u n d  
n ich t g e löst oder in gew issen Fällen  au f die M isch k ris ta lle  w ieder ausgeschieden w ird . F e rn e r 
kön n en  K orro s io n se lem en te  en ts teh en , w enn  d ie  g eb ild e ten  K o rro s io n sp ro d u k te  ed le r sind  als 
das M ischkrista ll. D ie m it K o rro s io n sp ro d u k ten  b e d ec k te n  O berflächen  sind  k a th o d isc h  u n d  
k ö n n en  au ch  zu Spannungskorrosion  füh ren .

H . Gr a fe n  u n te rsu c h te  den E in fluß  d e r  D eck sch ich t au f die du rch  S p an n u n g sk o rro s io n  
e n ts ta n d e n e n  R isse u n d  s te llte  fest, daß  so lche  R isse v o r allem  d o rt a u f tre te n , wo die D eck 
sc h ich t fe h le rh a ft ist.

Zwei A rtikel b esch äftig en  sich m it d en  K o n zen tra tio n se lem en te n . H . R ic k e r t  s tu d ie r te  
m it g a lv a n o sta tisc h e r M ethode  Blei- bzw. Z in k e lek tro d en  in  C hrom at- u n d  P h o sp h a tlö su n g en . 
E r  fa n d  a k tiv e  u n d  p assiv e  Zonen und  b e o b a c h te te  bei den  a k tiv e n  Zonen eine A uflösung  des 
M etalls (es t r a t  L ochkorrosion  auf). Die p ra k tis c h e n  E rfah ru n g e n  über das g leichzeitige  A uf
t r e te n  v o n  a k tiv e n  u n d  passiv en  Zonen s te h e n  m it  d e r T heorie  in E in k lan g . B ei de r L ösung 
is t  die S tro m d ich te  an  den  ak tiv en  S tellen d e r  K o n z e n tra tio n  de r die D eck sch ich t b ildenden  
A m ine in  de r L ösung p ro p o rtio n a l und der D ick e  de r N e rn stsch en  D iffusionssch ich t u m g ek e h rt 
p ro p o rtio n a l. Bei s tä n d ig e r  B erührung  is t  d ie  O b erfläch e  de r a k tiv en  Zone dem  angeleg ten  
A no d en stro m  p ro p o rtio n a l, w obei das E le k tro d e n p o te n tia l  e inen  von  der S tro m stä rk e  u n a b h ä n 
gigen W e rt b e sitz t.

In te re s sa n t  sind  die V ersuche von G. H e im . D ieser A u to r a rb e ite te  zu r U n te rsu ch u n g  
de r im  B oden  sich b ild en d en  M akroelem ente  eine L ab o ra to riu m sm eth o d e  aus. D ie in  der 
S ch lacke/S and  G renzfläche de r ex p erim en tellen  R o h rle itu n g  gem essenen S tro m stä rk e n  w aren  
in de r G rö ß en o rd n u n g  von 500 / i A .  A ußer d e n  e lek tro ch em isch en  G ese tzm äß igkeiten  m üssen 
dabei a u ch  d ie g eo m etrischen  Bedingungen b e a c h te t  w erden .

Schließlich  befassen  sich  einige A rb e iten  m it  de r B ild u n g  von K o n zen tra tio n se lem en ten  
in de r P rax is .

W . G. von  B a eck m a n n  u n tersu ch te  d ie e n tla n g  de r R oh rle itu n g en  sich b ild en d en  M akro- 
K orro s io n selem en te  u n d  besch rieb  zahlreiche p ra k tisc h e  Fälle .

O. von  F ra n q u é  beo b ach te te  die M ö g lich k e it e in e r L ochkorrosion  v o n  K u p fe r im  
T rin k w asser. E r  s tu d ie r te  d ie W irkung de r d u rc h  v e rsch iedene  O b e rfläch en b eh an d lu n g en  des 
K u p fe rs  en ts te h en d e n  S ch u tzch ich ten  au f d ie P o te n tia le . C. D rotschm ann  s te llte  fe s t, d aß  die 
in N H jC l a u ftre te n d e  K orro s io n  des Zinks b e i L ec lan ch é-E lem en ten  ein sehr w ich tig e r V or
g a n g is t,  w obei m an  eine gew isse In h ib ito rw irk u n g  b e o b ac h te n  kan n . InM gC L -L ösungen kön n en  
D eck sch ich ten  ausg eb ild e t w erden , die eine S c h u tzw irk u n g  besitzen . Die K orrosion  w ird  auch  
d u rc h  P ro te in e  in h ib itie rt. F e rn e r m uß auch d ie  R e in h e it  des Z inks b e ac h te t w erden . H . D e t e r -
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man u n te rs u c h te  den E in f lu ß  v o n  großen B e lü ftungszellen  bei Schiffen in  M eerw asser, u n d  
verg lich  diese K orrosion  m it  d e r k o rro sio n v eru rsach en d en  W irk u n g  des a u f  de r S ta h lo b e r
fläche  zu rückgeb liebenen  Z unders .

D ie  Z u sam m en ste llu n g  lie fert fü r F ach leu te , d ie sich m it th eo re tisch en  oder p ra k tisc h en  
K o rro sionsp rob lem en  b esch äftig en , sehr n ü tz lich e  D a ten .

Gy . B ácsk ái

G. Tölg: Chemische E lem entaranalyse m it kleinsten  Proben. V erlag  Chem ie 
G M B H . W ein h e im /B crg str ., 1968. 227 S., 66 A bb . und  5 T ab.

D er A usdruck  »m it k le in sten  Proben« im  T ite l des B uches von G. T ölg b e d e u te t S to ff
m engen  von  w eniger als 100 M ikrogram m  (10~ 4 g), wie sie in  de r sog. U ltram ik ro an a ly se  zu 
q u a n ti ta t iv e n  B estim m u n g en  v e rw en d e t w erden.

N ach d em  F. P r e g l  u n d  seine Schüler in den e rs ten  d reiß ig  Ja h re n  des J a h rh u n d e r ts  
die M ikrom ethoden  de r E le m en ta ra n a ly se  u n d  de r B estim m u n g  von fu n k tio n e llen  G ru p p en  
u n te r  V erw endung  von  S to ffm engen  von 1— 10 m g a u sg e a rb e ite t h a tte n , m u ß te n  diese V e r
fah ren  schon  ba ld  v e rfe in e r t  w erden, u n d  zw ar n ic h t n u r  in  bezug  au f G enau igkeit, so n d ern  
auch  h in sich tlich  ih re r  E m p fin d lich k e it, da  in de r F o rsch u n g  o rgan ischer N a tu rs to ffe  u n d  
wegen d e r rap id en  E n tw ic k lu n g  der m oleku laren  Biologie d ies zu einer d ringenden  F o rd e ru n g  
w urde. Z ur Lösung e in iger A ufgaben  im  U ltram ik ro -M aß s ta b  (so z. B. zur B estim m u n g  des 
S tick s to ffg eh altes  o rg an isch e r V erb indungen) w aren  a u ch  frü h e r  schon geeignete M ethoden  
b e k a n n t, die den A n fo rd e ru n g en  der U ltram ik ro an a ly se  R ech n u n g  trag en d e  sy s te m atisc h e  
R ev ision  d e r V erfahren  d e r E le m en ta ran a ly se  w urde jed o ch  e rs t  v o r etw a 10 J a h re n  v o n  R . B e l 
ch er  u n d  seinen M ita rb e ite rn  begonnen. A uch  G. TÖLG b e ru ft  sich im  V orw ort seines B uches 
au f d iesen  A u to r. T ölg  sc h re ib t, daß  R . B el c h e r  seine e igenen  M ethoden in seinem  1966 
ersch ien en en  B uch zw ar b e re its  beschrieben  h a t, tro tz d e m  h ie lt er es fü r no tw en d ig , d iese 
beso n d eren  M ethoden, e rg ä n z t m it seinen eigenen, in F o rm  einer M onographie zu sa m m en 
zufassen .

D as V orw ort des B u ch es b esch re ib t die an  diese S pez ia lv erfah ren  geste llten  A n fo rd e ru n 
gen u n d  d ie L e is tu n g sfäh ig k e it der b isher a u sg e a rb e ite te n  M ethoden. T abellen  geben  an . 
w elche S toffm engen  zu r B estim m u n g  der e inzelnen E le m en ta rb e s ta n d te ile  o rg an isch er V e r
b in d u n g en  no tw end ig  s in d , n ach  w elchem  P rin z ip  g e a rb e ite t w ird , u n d  wie groß de r F e h le r  
der e inzelnen  M ethoden  ist. D ie T abellen  e n th a lte n  fe rn e r d ie L ite ra tu rq u e llen , wo die M ethoden  
b esch rieb en  sind.

D er E rs te  A b sc h n itt  des B uches b e h an d e lt die F ra g e n  d e r E inw aage u n d  der B e h an d lu n g  
d e r S to ffe . Die a n a ly tis c h e n  U ltram ik ro -W aag en  erm ög lichen  zw ar die Wrägung  m it e in e r 
a b so lu te n  G enau igkeit v o n  w eniger als 10 N an o g ram m  (10“ 8 g), doch ist die B e la s tb a rk e it  
d ieser W aagen  sehr k le in  (n u r  e tw a 1 m g), u n d  sie sind  a u f  äu ß ere  E inw irkungen  ( E r s c h ü t te 
ru n g e n , S ta u b , T em p era tu rsch w an k u n g en ) seh r em p fin d lich . F ü r  die P rax is  w erden  jed o c h  
a u ch  solche U ltram ik ro -W a ag e n  g eb au t, m it denen  200— 400 m g der S u b s tan z  bei e in e r 
a b so lu te n  G en au igkeit v o n  10— 50 N an o g ram m  gewogen w erden  können. D ieser A b sc h n itt  
is t a u c h  vom  G e s ic h tsp u n k t der P rax is  von B ed eu tu n g , d a  die Leser m it der A u fs te llu n g  
und  B eh an d lu n g  de r U ltram ik ro -W aag en  v e r tr a u t  g em ach t w erden, u n d  jen e  speziellen  u n d  
sinn re ich en  M ethoden  k en n cn lern en , m it w elchen bei de r U ltram ik ro an a ly se  die S toffe  gelöst, 
die F lü ss ig k eiten  gem essen , v e rd ü n n t u n d  t i t r ie r t  o d er v e rd ü n n te  Lösungen k o n z e n tr ie r t  
w erden . D ie M ethoden  d e r V erb rennung  von organ ischen  S u b stan zen  ist in de r U ltra m ik ro 
a n a ly se  von  beso n d ere r B ed eu tu n g . Die g u te  Z u sam m en ste llu n g  dieses A b sch n itte ile s  zeu g t 
von  d e r genauen  K e n n tn is  de r L ite ra tu r  u n d  von den p ra k tisc h en  E rfah ru n g en  des V erfassers.

E tw a  4/5 des U m fan g es des B uches s te ll t  de r au sfü h rlich e  M ethodische Teil d a r , in dem  
die z u r  q u a n ti ta t iv e n  B estim m u n g  der in den o rg an ischen  V erb in d u n g en  vorliegenden  E le m e n 
ta rb e s ta n d te ile  g eeigneten  M ethoden der R eihe n ach  so e ingehend  beschrieben  w erden , d aß  d ie  
B estim m u n g en  a u f  G ru n d  d ieser B eschreibungen  vo rg en o m m en  w erden können.

D as B uch is t  n ic h t  n u r  fü r jen e  eine n ü tz lich e  L e k tü re , die darau s die U l tra m ik ro 
a n a ly se  ken n en lern en  w ollen , sondern  au ch  fü r die, die sich  a u f  diesem  S pezia lgeb iet de r o rg a 
n isch-chem ischen  A na ly se  b e tä tig en ; e rfah rene  A n a ly tik e r w erden  da rau s v iel w ertv o lles W is 
sen sm a te ria l schöpfen k ö n n en .

L. Mázok

Acta Chim. Acad. Sei. Hung. 1968
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I .  G y a r m a t i : N on-equilibrium  therm odynam ics  (in H u n g a ria n ). M űszaki K i 
ad ó , B u d ap est, 1967. pp. 160.

T he book deals w ith  the  fu n d a m e n ta l p rinc ip les  and  b asic  eq u atio n s o f n o n -eq u ilib riu m  
(irrev ersib le ) th erm o d y n am ics on th e  b a s is  o f th e  general th e o ry  of classical co n tinua .

Since th is  ta s k  now  belongs to  th e  a c tu a l an d  unso lved  prob lem s of physics, in  Gy a r - 
m a t i ’ s  book a c o n tr ib u tio n  is given to  th e  t r e a tm e n t  o f c e rta in  fu n d a m e n ta l p rob lem s, in  a d d i
t io n  to  a  su m m ary  of know n  results . T h is , how ever, can  on ly  be done  if  th e  f ie ld -th eo re tica l 
b asis o f th erm o d y n am ics is developed k eep in g  in m in d  th e  re q u ire m e n ts  o f classical field  th e o ry . 
T herefo re , in C h ap te r I  th e  fu n d am en ta ls  o f  classical field  th eo ry  are  ou tlined .

C hap ter I I  deals w ith  the  to ta l sy s te m  of balance  eq u a tio n s  o f th e  classical field  th e o ry , 
p a y in g  p a r ticu la r  a tte n tio n  to  th e  d e r iv a tio n  of ba lance  eq u a tio n s  o f m u ltico m p o n en t su p e r
posed  m edia.

C h ap ter I I I  t r e a ts  th e  general d e v e lo p m en t of On sa g er ’s non-eq u ilib riu m  th e rm o 
dy n am ics. A fter th e  local fo rm ulation  o f th e  f ir s t  an d  second law s, th e  en tro p y  b a lan ce  e q u a 
tio n s  are  de te rm in ed . T hese  are follow ed b y  th e  to ta l  d ev elo p m en t an d  analysis o f th e  sy s tem  
o f O n sa g er ’s lin ea r law s and recip ro ca l re la tio n s .

In  C h ap ter IV  th e  p roperties o f  n o n -eq u ilib riu m  p o te n tia l fu n c tio n s (d issip a tio n  fu n c 
tio n s) are  discussed , a n d  th e  v a r ia tio n a l p rin c ip le  e q u iv a len t to  th e  On sa g er  th eo ry  ( th e  
p rin c ip le  o f th e  lea s t d issipa tion  of e n erg y ) is fo rm u la ted  fo r c o n tin u a  in a general fo rm . T he 
a lte rn a tiv e  form s o f th e  v a ria tio n a l p r in c ip le  recognized re ce n tly  b y  th e  a u th o r  a re  g iven , 
w hich  p roved  to  be v e ry  p roductive  fro m  b o th  th e  th eo re tica l a n d  p ra c tic a l p o in ts  o f view .

In  C h ap ter V th e  principle o f m in im u m  en tro p y  p ro d u c tio n  is t r e a te d  and  th e  re la tio n  
of th is  p rincip le  to  On sa g e r ’s princip le is c la rified . I t  is show n t h a t  th e  p rincip le  o f m in im um  
e n tro p y  p ro d u c tio n  is on ly  an a lte rn a tiv e  fo rm u la tio n  of On sa g e r ’s princip le  va lid  fo r s ta 
t io n a ry  s ta te s . W ith  th e  a id  of the  v a r ia tio n a l  p rincip le  v a lid  fo r s ta tio n a ry  cases, th e  general 
th e o ry  of s ta tio n a ry  s ta te s  is d iscussed, a n d  th e  c lassification  o f s ta tio n a ry  system s is g iven. 
T he general cond itions o f  s ta tio n a rity  fo r  th e  case o f h e a t  co n d u ctio n , m u ltico m p o n en t d if
fusion , chem ical reac tio n s , etc ., are d e te rm in e d , and  th e  s ta b ili ty  o f such  cases is exam in ed .

In  C hap ter V I th e  F o u rier  e q u a tio n  o f h e a t co n d uction , th e  to ta l  se t o f eq u a tio n s  o f 
m u ltico m p o n en t iso th e rm a l diffusion, a n d  th e  N a v ie r — Sto k es  e q u a tio n  of viscous flow  are  
d e riv ed  from  th e  new  rep re sen ta tio n  of th e  p rin cip le  of le a s t d issip a tio n  of energy  recognized 
by  th e  au th o r. I t  is p ro v ed  b y  th is d e r iv a tio n  of th e  specified eq u a tio n s  th a t  th e  new  re p re se n 
ta t io n  is m ore p ro d u c tiv e  th an  On sa g e r ’s o rig ina l one, fu rth e rm o re , i t  m akes possib le  th e  
fo rm u la tio n  of th e  new  in teg ral p rin c ip le  o f th erm o d y n am ics . A fte r  th e  general fo rm u la tio n  
of th e  new  in teg ral p rincip le  of th e rm o d y n am ics , i t  is show n th a t  th e  E u l e r — L agra n ge  
eq u a tio n s  are e q u iv a len t to  th e  to ta l sy s te m  o f th e  tra n sp o r t  eq u a tio n s . As th e  d irec t a p p lic a 
tio n  o f th e  in teg ra l p rin cip le  tra n sp o rt  e q u a tio n s  describ ing  d iffe re n t non -iso th erm  an d  cross 
e ffec ts a re  also d e a lt  w ith . F inally , th e  re la tio n s  betw een  th e  th e rm o d y n am ica l in teg ra l p r in 
ciple a n d  th e  fie ld -th eo re tica l re p re se n ta n t o f th e  H am ilton  p rin cip le  a re  given, and  a tte n tio n  
is called  to several s im ila rities and essen tia l differences. I t  is p ro v ed  b y  th e  d e riv a tio n  o f th e  
p ra c tic a lly  im p o r ta n t  t ra n s p o r t  e q u a tio n s  t h a t  th e  tru e  v a r ia tio n a l p rincip le  o f th e rm o d y 
n am ics is rep re sen ted  b y  th e  new in te g ra l p rincip le .

In  the  A pp en d ix  a b rie f su m m ary  o f th e  used  m a th e m a tic a l a p p a ra tu s  is to  be  fou n d .

E . B e r e c z

N euere M ethoden der präparativen organischen Chemie , B an d  У. H crausgegeben  
v o n  W ilhelm  F o e r s t ) Verlag C hem ie , W e in h e im /B erg strasse , 1967. 280 S.

D er s tü rm isch en  E n tw ick lung  d e r  p rä p a ra tiv e n  organ ischen  Chemie, dem  im m er 
w ieder u n d  in rasch em  N acheinander e rfo lg en d en  A uffinden  u n d  A usb au  n eu ere r S y n th e se 
m ö g lichkeiten  u n d  de r E rforschung  n e u e r  R eak tio n sw eisen  en tsp rec h en d  folgen die e inzelnen 
B e iträge  der R eihe d e r »Neueren M ethoden« in  de r »A ngew andten  Chemie« e in an d er in  im m er 
k ü rz e re n  Z e itab s tän d en . So kom m t es, d a ß  a u ch  der fü n fte  S am m elb an d  d ieser R eihe n ic h t  
lange  a u f  sich w arten  ließ  u n d  knapp  ein h a lb e s  J a h r  nach  dem  E rsch e in en  des v ie rten  B andes*  
n u n m e h r ebenfalls vo rlieg t.

* s. A cta  C him . A cad. Sei. H u n g . 53, 422 (1967).

Acta Chim. Acad. Sei. Hung. 57, 1968
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V ier -  oder, w enn  m an  die des Schw efels a u ch  zu d ieser Y erb indungsk lasse  rech n e t, 
fü n f  —  d e r sieben, in d em  fü n fte n  B ande e n th a lte n e n  u n d  se it ih rem  u rsp rü n g lich en  E rsch ei
n en  in  d e r »A ngew andten Chemie« w ieder a u f  d e n  n e u es te n  S ta n d  g eb rac h te n  B e iträg e  befassen  
sich  m it  d e r V erw endung  bzw . Synthese  e lem en to rg an isch er V erb in d u n g en . D ies e n tsp ric h t 
völlig  d e r  im m er b e d eu ten d e re n  Rolle, die diese V erb in d u n g sk lasse  in de r o rgan isch-chem ischen  
F o rsch u n g  u n d  P ro d u k tio n  neuerd ings sp ie lt.

E s  h a n d e lt  sich u m  die folgenden B e iträ g e : »Neue R e ak tio n en  v o n  P h o sp h in a lk y len en  
u n d  ih re  p rä p a ra tiv e n  M öglichkeiten« von  H . J .  B e stm a n n  (52 S eiten) u n d  d a ra n  in  vielen 
P u n k te n  an k n ü p fen d  d ie  »Synthese n a tü r lic h  v o rk o m m en d er F e tts ä u re n  d u rc h  ste risch  
k o n tro llie r te  C arbonyl-O lefin ierung« von  L. D . B er g e l so n  u n d  M. M. S c h e m ja k in  (der e rs te  
so w je tisch e  B eitrag  zu  d ieser R eihe ! —  21 S e iten ); »Die S ily lierung  als H ilfsm itte l in  de r 
o rg an isch en  Synthese« v o n  L . B ir k o fe r  u n d  A. R it t e r  (25 Seiten ); N a tr iu m - u n d  K a liu m 
org an isch e  V erb indungen«  v o n  M. Sch losser  (64 S eiten ) u n d  sch ließ lich  »O rganische S y n th e 
sen  m it  Im id en  des Schw efeldioxyds« von G. K r e s z e  u n d  W . W u c h e r p f e n n ig  (41 Seiten).

D ie N am en der A u to re n  —  alle b e k a n n te  F o rsch e r oder sogar P io n iere  a u f  dem  von  
ih n en  zu sam m en g efaß ten  G eb iete  —  bürgen  fü r  das N iv eau  de r B e iträg e.

A u ch  die be iden  re s tlic h en  B eiträge, d ie sich  n ic h t m it e lem en to rg an isch en , sondern  
m it  »gewöhnlichen« o rg an isch en  V erb indungsk lassen  b eschäftigen , n äm lich  die »Synthesen 
m it he te ro cy c lisch en  A m id en  (Azoliden)« v o n  H . A. Staab  u n d  W . R o hr  (41 Seiten) u n d  
»Syn thesen  m it s-T riazin« v o n  Ch. Gru n d m a n n , dem  V e rtre te r  de r U SA  im  vorliegenden  B ande  
(29 S e iten ), sind  von E x p e r te n  v e rfaß t, de ren  N am en  sich eines n ic h t m in d e ren  W ohlklanges 
e rfreuen .

D ie  B ed eu tu n g  d e r  b eh an d e lten  S y n th esem e th o d en , R e ak tio n en  u n d  V erb in d u n g s
k lassen  is t  w o h lb ek an n t, so d aß  sich eine d iesbezügliche  W ü rd ig u n g  e rü b rig t. D er Ü berb lick  
ü b e r  die F ü lle  der A nw endungsm öglichkeiten  u n d  n eu eren  E n tw ic k lu n g srich tu n g en  der b e h a n 
d e lte n  M ethoden  u n d  V erb in d u n g en , die d em  L eser der einzelnen B e iträg e  gew äh rt w ird , 
v e rse tz t  ih n  jed o ch  im m er w ieder ins S tau n en , a u ch  w enn  er einen g roßen  T eil der O rig in al
a rb e ite n  u n d  ev en tu ell a u ch  frühere  Z usam m en fassu n g en  ü b e r  d ie e inzelnen  b eh an d e lten  
G eb iete  k e n n t.

D e r B an d  w ird sich  —  der R ezensen t is t  d av o n  ü b e rzeu g t —  n ich t n u r  in den  B ib lio 
th e k e n  v o n  L ehr-, F o rsch u n g s in s titu te n  u n d  chem ischen  W erken , so n d ern  a u ch  in den P r iv a t
b ib lio th ek e n  der O rg an ik er e inen  festen  u n d  w ich tig en  P la tz  sichern .

K . L e m p e r t

T eam  o f au th o rs  o f  th e  W orking C o m m ittee  for C atalysis o f  th e  H u n g a ria n  
A cad em y  of Sciences: Contact C atalysis (in H u n g a rian ). A k ad ém ia i K iadó , 
B u d a p e s t, 1966.

In  th e  rap id  d e v e lo p m en t o f th e  chem ical in d u s try  o f to d ay , a p ro m in e n t role h as been  
p lay e d  b y  th e  re su lts  a tta in e d  in  k inetic  s tu d ie s  on  c a ta ly tic  processes, in clud ing  co n tac t 
c a ta ly s is . T he im p o rta n ce  o f  k inetic  in v es tig a tio n s  has been em phasized  even  m ore so by  th e  
n ecess ity  o f m eeting  th e  re q u irem en ts  in th e  a u to m a tio n  of in d u s tr ia l processes an d  in increasing  
th e ir  efficiency.

I n  th e  field  o f c o n ta c t  catalysis, desp ite  th e  re su lts  o f in ten se  re sea rch  w ork  carried  o u t 
in re c e n t  y ears, th e re  a re  s till  a n u m b er o f k in e tic  p rob lem s to  be  so lved, m a in ly  concerning 
th e  m ech an ism  of e le m e n ta ry  processes ta k in g  p lace  on c a ta ly s t  surfaces an d  th e  p ro p erties  
o f c a ta ly s ts . T here  a re  a g re a t nu m b er o f  m o n o g rap h s in  w orld  l ite ra tu re  th a t  su rv ey  th e  
re su lts  a n d  problem s re la te d  to  one or m ore d e ta ils  o f th is  field . H ow ever, none  of th em  p u b 
lished u p  to  now  can  be re g a rd e d  as a com p reh en siv e  w ork  of th e  th eo re tic a l fu n d am en ta ls , 
g iv ing  usefu l advice’ a s 'r e g a rd s  p rac tica l ap p lica tio n s .

T h e  p re sen t w o rk  d iffers in th is sense fro m  all th e  m o nographs p u b lish ed  so fa r, an d  it  
is th e re fo re  o f a p io n eer c h a ra c te r  no t on ly  in  H u n g a rian , b u t  also in w orld  lite ra tu re , in  th a t  
i t  d iscusses th e  im p o r ta n t  basic  problem s o f  th e  e n tire  fie ld  o f c o n ta c t c a ta ly sis  and  o u tlines 
th e  possib ilities of its  u til iz a tio n  in  p ractice , a n d  th u s  offers a  com prehensive  su rv ey  for ex p erts  
w ho a re  ac tiv e  in  th is  fie ld . T he au th o rs  o f th e  w ork , b y  all m eans, deserve  c red it for th is  fa c t 
a lone. M oreover, if  one considers th e  fa c t t h a t  th is  book  —  by  s ta r tin g  w ith  fu n d a m e n ta l 
know ledge  and  gu id ing  th e  re ad e r  up  to large-scale  in d u s tr ia l ap p lica tio n s —  serves as useful 
re fe ren ce , f i r s t  and  fo rem o st, fo r those who a re  o n ly  beg inn ing  to  g e t a cq u a in te d  w ith  th is  field  
o f re sea rc h , b u t  also fo r  e x p e rts  actively  engaged  in  in d u s try , can  one re a lly  ap p rec ia te  th e  
s ig n ificance  an d  p ra c tic a l v a lu e  of it.
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T he s tru c tu re  o f th e  book , consisting  of seven c h ap te rs , well f its  th e  aim s se t  b y  th e  
a u th o rs . Since th e  c a ta ly s ts  u sed  in th is field  o f  ca ta ly sis  are  o f solid substances, th e re fo re  th e  
p r im a ry  re q u ire m e n t is to  know  th e  s tru c tu re  an d  p ro p e rtie s  o f  such  solids in o rder to  e lu c id a te  
an d  in te rp re t  th e  m echan ism  of th e  processes ta k in g  p lace  on  th e  cata ly sts . A cco rd in g ly , 
in  C h ap te r I ,  th e  e lec tro n  s tru c tu re  of m eta ls  an d  sem ico n d u cto rs  is discussed, and  th e  w ays 
o f in te rp re ta tio n  o f th e  e lectric , m agnetic  an d  su rface  p ro p e rtie s  o f ca ta ly sts  on th e  b a s is  o f 
th e ir  e lec tro n  s tru c tu re s  are  p resen ted .

C h ap te r I I  is e n tire ly  d ev o ted  to  one im p o r ta n t  e le m en ta ry  process of c o n ta c t c a ta ly s is , 
nam ely  to  ad so rp tio n . T he m o st essential fu n d a m e n ta l co n cep ts are  given along w ith  ex am p les 
se lected  from  th e  fie ld  o f p h y sical ad so rp tion . T h e ir  p re se n ta tio n  in  th is  m anner g re a tly  fa c i
l ita te s  th e  u n d e rs ta n d in g  of th e  techn iques used  in c a ta ly tic  in v estig a tio n s based on th e  p r in 
ciples o f a d so rp tio n , an d  la s tly , b u t  n o t lea s t, g ives a su m m ary  o f th e ir  ap p lic ab ility . T he 
d iscussion of th e  m ech an ism  of chem isorp tion  on  th e  basis o f m o d ern  electron  th eo ry  fu rn ish es  
v a lu ab le  in fo rm a tio n  fo r a deeper u n d e rs tan d in g  of th e  causes t h a t  re su lt in various p rocesses 
tak in g  p lace in  th e  p resence  o f cata ly sts .

C h ap te r I I I  is concerned  w ith  th e  w ays in  w hich  chem ical conversions occur, w ith  th e  
p a ram ete rs  d e te rm in in g  th em , an d  w ith  th e  re la tio n  ex is tin g  be tw een  th e  changes o c cu rrin g  
in  th e  p ro p e rtie s  o f th e  c a ta ly s t  during  use a n d  th e  c a ta ly tic  process.

C h ap te r IY s ta r ts  w ith  th e  basic concep ts concern ing  th e  ra te s  of chem ical re ac tio n s . 
T his is follow ed b y  a d iscussion  of th e  reg u la rities  o f th e  course o f c a ta ly tic  reac tio n s as co m 
pared  w ith  h e te ro g en eo u s reac tio n s. S u b seq u en tly , th e  m eth o d s app lied  for th e  e x p e rim e n ta l 
d e te rm in a tio n  of re ac tio n  ra te s , an d  th e  w ays of e x p e rim e n ta l check ing  of th eo re tica lly  d e riv ed  
ra te  eq u a tio n s  a re  p re sen ted  th ro u g h  som e w ell-selected  exam ples.

C hap ters У , V I an d  Y II  co n ta in  m ate ria l p e rh ap s  m o st re ad ily  and d irec tly  u til iz a b le  
by  ex p erts  w ork ing  in  in d u s tr ia l p lan ts . C h ap te r Y deals w ith  th e  changes occurring in  th e  p ro p 
erties o f th e  c a ta ly s ts , w ith  th e  p a ram ete rs  in flu en cin g  th e  v a rio u s effects ex erted  b y  th e  
c a ta ly s ts , a n d  also w ith  th e  desc rip tio n  of th e  ty p es  o f c a ta ly s ts . C h ap te r V I discusses, in  d e ta il,  
th e  aspects o f th e  se lection  o f su itab le  c a ta ly s ts , th e  v a rio u s possib le  w ays of p re p a rin g  th e m  
ex p erim en ta lly , an d  th e  m eth o d s of in v es tig a tio n  su itab le  fo r s tu d y in g  th e ir  various p ro p e rtie s . 
In  th e  la s t  c h ap te r . C h ap te r  V I I ,  th e  m odes of th e  p ra c tic a l ap p lic a tio n  of c o n ta c t c a ta ly t ic  
processes are  p re sen ted . A ccord ing ly , th is c h a p te r  co n ta in s usefu l in fo rm ation  re g a rd in g  th e  
m ethods fo r th e  ex p erim en ta l d e te rm in a tio n  of th e  p a ra m e te rs  o f processes tak in g  p lace  in  
c o n ta c t c a ta ly tic  re ac to rs , as well as some asp ec ts  concern ing  th e  p lann ing  and o p tim iza tio n  
of such reac to rs .

On th e  basis o f th e  language  and  sty le , b o th  being  good an d  consisten t, i t  w o u ld  be 
h a rd  to  tell t h a t  th e  book w as com piled from  w orks w r itte n  b y  va rio u s au tho rs . T h is is m a in ly  
to  th e  c red it o f th e  rev iew er an d  to  th a t  of th e  ed ito rs . T h ere  a re , how ever, som e re p e tit io n s  
to  be found  in va rio u s p a r ts  o f th e  book, th o u g h , as such , are n o t  necessarily  d isa d v an tag e o u s , 
n ev ertheless, th e y  could  h av e  been  avoided b y  m ore  carefu l ed iting . M oreover, c e r ta in  p a r ts  
of C h ap te r I do n o t  a p p ea r to  be  q u ite  in accord  —  n o t as m u ch  as regards th e ir  c o n te n t, b u t  
ra th e r  in th e ir  w ay  of w ord ing  —  w ith  th e  p r im a ry  a im  se t, a n d  successfully  a tta in e d  in  o th e r  
ch ap ters , nam ely , “ to fa c ilita te  th e  w ork of e x p e rts  in  p ra c tic e  an d  th a t  of research  w o rk e rs” .

D e tailed  re ferences to  l i te ra tu re  given a t  th e  end  of each  c h ap te r  give v a lu ab le  a id  to  
readers who desire m ore  d e ta iled  in fo rm atio n  concern ing  som e o f th e  m ore p a rticu la r  p ro b lem s. 
T here  are  ex ce llen tly  com piled  a u th o r  and su b je c t indexes. T he pub lishers are to be c o n g ra t
u la ted  for th e  a ttra c t iv e  a p p ea ran ce  of th e  book.

F .  MÁRTA
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A CTA  C H IM IC A

TOM. LV II —  В Ы П . 4

Р Е З Ю М Е

Химия смешанных комплексов, Ш.Влияниеактивностиводы на стабильность 
смешанных бис-диметил-глиоксимато-дииодных комплексов кобальта II

к. Б У Р Г Е Р , Б . П И Н Т Е Р , Э. П А П П -М О Л Н А Р н Ш. Н ЕМ ЕШ -КО Ш А

Определялась стабильность бис-диметил-глиоксимато-дииодного комплекса кобаль- 
та(П) в растворах с различными концентрациями перхлората натрия, нитрата натрия, и 
нитрата лития. Были рассчитаны активности воды в различных растворах. Было устано
влено, что стабильность смешанных комплексов возрастает с уменьшением активности 
воды растворов. Использование различных солей для получения заданной активности воды 
не сказывается на результатах.

О параметрической форме матрицы силовых постоянных, VII. Наиболее 
близкая ассигнация матрицы силовых постоянных

П. ПУЛАМ

Определялось разумное измерение близости ассигнаций между внутренними и нор
мальными координатами колеблющихся молекул. Было показано, что матрица силовых 
постоянных F0 =  G~I/2 ЛО-1/! соответствует наиболее близкой ассигнации. Рассматри
валось вл(и яние обмера нормальных координат с помощью численных факторов, и предла
галась единая нормализация для случаев, когда диагональные элементы матрицы кинети
ческой энергии G равны 1. Полагалось, что место матрицы действительных силовых посто
янных в параметровом пространстве является точной мерой ассигнаций.

Изучение процессов, протекающих при известковой обработке красного
шлама

И. Н А РА И -СА БО , И . М А Д Ь А РО Ш И , T . К О Ч И Ш  и И . Ф Е Х Е Р

Красный шлам, образующийся при разработке бокситов по Байеру, при смешивании 
с известковым молоком затвердевает и достигает значительной твердости. На основе хими
ческих и дифрактометрических исследований было установлено, что реакция продуктов, 
образующихся при обработке каолина щелочью Байера при температуре 250 °С, с из
вестковым Молоком не приводит к затвердеванию. Однако, при разработке каолин, находя
щийся в бокситах, образуется и коллоидная кремневая кислота и гидрокись алюминия, 
которые, реагируя с Са(ОН)2, дают продукты подобные тобермориту и, теряя воду, за
твердевают так же как, и цементовое тесто.
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Определение порядка реакции и констант скоростей на 
основе приблизительной оценки параметров дифференциальных

уравнений
Л . Ф А Й  н  А. Б А Л О Г

В области физической химии часто возникает проблема доказательства правиль
ности составленного дифференциального уравнения на основе результатов измерений, а 
также оценки параметров этого дифференциального уравнения. Если аналитическое 
решение дифференциального уравнения не известно, то резрешение этой проблемы стал
кивается с трудностями.

В настоящей работе представляется прием, основанный на методе наименьших квад
ратов и позволяющий разрешить вышеупомянутую проблему. Из условия наименьшего 
расхождения расчетных и измеренных величин, параметры могут быть определены как с 
помощью решения системы уравнений, полученной дифференциированием в частных про
изводных по переменным, так и с помощью непосредственного определения граничных зна
чений функции.

В настоящей работе решение системы уравнений проводилось с помощью счетной 
машины. Использование метода иллюстрировано на примере расчета по реакционной 
кинетики. Определение константы скорости в уравнении скорости для каталитического 
окисления этилена и порядка реакции на основе данных измерений производилось с по
мощью описанного метода. Если полагать, что порядок реакции не известен, то уравнение 
скорости представляет собой дифференциальное уравнение, не имеющее аналитического 
решения. С помощью нашего метода из хода кривых изменения концентрации этилена во 
времени определялись порядок реакции и константы скорости. На основе рассчитанных 
данных решалось дифференциальное уравнение, и решение сравнивалось с результатами 
измерений.

Электронографическое секторно-микрофотометрическое исследование 
строения молекулы S02C12

И. Х А РГ И Т Т А И

Было исследовано строение молекулы S 02C12 электронографическим секторно- 
микрофотометрическим методом. Следующие длины связи и валентные углы были опреде
лены с помощью метода наименьших квадратов: 1(S—О) 1,409 +  0,005 Á, 1(S—Cl) 
2,011 +  0,006 Á <  OSO 123 +  2° и <£ OSCI 107,6 ±  0,6°.

Полоса валентных колебаний NH в области волновых чисел, меньших 
3000 см~‘, V. Циклические димеры, V. Производные хиназолона

П. Ш О Х А Р и И . К О Ш А

4(ЗН)-хиназолинон и его производные ассоциируются в форме циклического димера. 
Условия сопряжения, и вместе с этим и мезомерия внутри амидной группы изменяются 
интересно по сравнению с дигидрофталазоном, являющимся структуральным изомером
4-хиназолона. Было установлено, что общее для амидов смещение электрона от атома азота 
в направлении атома кислорода, вследствие эффекта-1 связи —С =  N в положении 2, за
трудняется в 4(ЗН)-хиназолиноне, в то время как в дигидрофталазоне эффект +  Т  атома 
азота группы — N = С компенсирует эффект-1, и в результате мезомерия амидной группы 
осуществляется свободно.

Структура ацильных производных и их химические свойства находятся в согласии с 
заключениями, сделанными на основе изменений в условиях сопряжения, поскольку в 
случае дигидрофталазона могут быть получены как О- так и N-ацилаты, в то время как 
из 4(ЗН)-хиназолинона получаются лишь очень неустойчивые N-ацилпроизводные. 3-
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гидрокси-4(ЗН)-хиназолиноны, вероятно, обладают структурой внутренней соли, что 
подтверждается и спектрами их солянокислых солей. Следует отметить исключительно 
высокую эфирнокарбонильную частоту (около 1820 и 1790 см-1) их О-ацильных производ
ных.

Полоса валентных колебаний группы NH в области волновых чисел, 
меньших 3000 см-1, VI. Циклические димеры, VI. Производные хидантоина

П. Ш О Х А Р

Исследовались ик-спектры 5,5-идфенил-хидантоина, а также его тио- и N-метил- 
производных. Выло установлено, что все соединения находятся в диоксо- (или оксотиоксо- и 
дитиоксо-)форме; таутомеры, содержащие иминогидринные (тиоиминогидриНные) группы, 
не образуются. В случае диоксосоединений колебания карбонильной группы накладыва
ются друг к другу. Условия ассоциации влияют на свойства полос наложенных колебаний. 
В случае тиопроизводных тиоамидные, тиокарбамидные и тиоимидные группы обладают 
характерными полосами колебаний, структура которых весьма разнообразна. В спектре 
2-тио-соединения наблюдаются три полосы, характерные для группы N(H)C(S)N(H), и 
находящиеся в интервалах 1550—1480, 1350—1250 и 1200—1100 см -1. Для 4-тиосоедине- 
ний наблюдаются две тиоамидные полосы в интервалах 1450—1350 и 1350—1250 см-1. 
В спектре 2,4-дитио-хидантоина в интервале 1550— 1500 см-1 имеется интенсивная полоса. 
В случае тех двух соединений, которые обладают группой NH в 3-ем положении также 
появляется интенсивный максимум и в области около 1450 см -1. Для этих двух соединений 
были обнаружены также и три дополнительные полосы в интервалах 1435—1400, 1270— 
1230 и 1165—1150 см -1 за счет тиоамидной группы. В спектрах двух 3-метил-производных 
обнаружены две полосы в области около 1300—1100 см -1.

Условия ассоциации многообразны. В первую очередь, образуют карбонильная 
группа в положении 2 и NH-группа в положении 3 сильные водородные связи. В случае 
некоторых соединений возможна также ассоциация циклических димеров. Поэтому, если 
для двух соединений 4-тио-З-незамещенных производных, это единственная форма ассоциа
ции, то у соответствующих 2-тио-производных она существует лишь для некоторой доли 
молекул, а для остальной доли молекул возможные различны простые интермолекулярные 
ассоциации между группами в положениях 1 и 4.

Использование высокомолекулярных олефинов бензина крекинга в качестве 
исходного вещества для оксо-синтеза

Л . М А РКО  и М. Ф Р А Й Н Д

Среди исходных веществ для оксо-синтеза мало изучались до сих пор олефины с 
более высокими молекулярными весами, являющиеся продуктами термического кре
кинга.

Исходя из этих олефинов, с помощью гомогенного каталитического гидрирования 
образующихся олефинов удалось разработать непрерывный одноступенчатый промыш
ленный процесс оксо-синтеза, приводящий непосредственно к образованию спирта. Яды 
катализаторов, как, например, серные соединениия, не оказывают влияния на процесс, что 
является очень важным с точки зрения возможности использования олефинов, легко 
получаемых при крекинге нефти для целей оксо-синтеза.

Acta Chim. Acad. Sei. Hung. 57, 1968
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