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ISOTOPE EXCHANGE BEHAVIOUR OF NICKEL 
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AND ISOMERIC PICOLINES
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Iso to p e  exchange behaviour of nickel x a n th a te  was investigated in  the presence  
of aniline, IV-methylaniline, lV ,N -dim ethylaniline and three picoline isom ers a t 25 °C. 
The results showed that th e  labelled free n ick e l(II) replaces inactive n ickel(II) in  the  
com plex. H ence the com plex is  labile in presence o f all bases except ß- and y-picolines. 
The observed lability  has been attributed to an add uct formation between th e  com plex  
and the bases. The inert behaviour observed in  th e  presence of ß- and v-picolines has 
been ascribed to the steric effect o f the m ethyl groups on the adduct form ation.

Introduction

I t  has b een  s ta te d  on th e  basis of iso to p e  exchange stud ies t h a t  n ick e l 
x a n th a te  is in e r t .  H ow ever, i t  h as  been re p o r te d  b y  L lM  Y a u  Y a n  [ 1 ]  t h a t  
n ickel x a n th a te  form s ad d u c ts  w ith  bases su ch  as an ilines and  p y rid in e s  a n d  
a d d u c t fo rm a tio n  leads to  th e  tra n s it io n  from  d ia m a g n e tic  square p la n a r  te t r a -  
co o rd ina ted  n ic k e l com plex to  p a ra m a g n e tic  b is -a d d u c t. This m ay  be e x p e c te d  
to  change th e  iso to p e  exchange b eh av io u r o f  th e  com plex. Iso tope  ex ch an g e  
s tu d y  of n ick e l x a n th a te  in  th e  presence o f an ilin e  an d  pyrid ine  h as  show n 
th a t  the  com plex  is labile  [2]. H ow ever, one h as  to  s tu d y  th e  iso tope ex ch an g e  
beh av io u r o f  th e  com plex  in th e  presence o f a  n u m b e r  o f re la ted  bases b efo re  
one could a rr iv e  a t  defin ite  conclusions a b o u t in e r t  o r labile  b eh av io u r o f  th e  
com plex. H en ce  iso tope  exch an g e  b eh av io u r o f  n ick e l x a n th a te  h a s  b een  
s tu d ied  in  th e  p resence  of an iline , IV -m ethylan iline, IV ,lV -dim ethylaniline a n d  
th e  th ree  p ico line  isom ers. T he bases chosen h e re  h e lp  n o t only in  e s ta b lish in g  
th e  b eh av io u r o f  th e  com plex b u t  also in  d e te rm in in g  th e  effect o f s u b s ti tu e n t  
on th e  ra te  o f  exchange .

* In final form  accepted May 26, 1980.
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2 NAIDU, NAIDU: ISOTOPE EXCHANGE BEHAVIOUR

E xperim en ta l
M ateria ls

N ickel perchlorate (A n alaR ), picolines (B. D. H . A nalaR ) were used w ithou t further  
p u rification . Aniline, IV-m ethylaniline and iV,iV-dim ethylaniline were purified b y  th e  m ethod  
descr ib ed  b y  Sm ith  and coworkers [3]. iV-m ethylaniline and ]V,iV-dimethylaniline were d istilled  
un der vacuum  and dried over sod ium  hydroxide.

P repara tion  o f  the complex

P otassium  ethyl x a n th a te  was prepared b y  th e  m ethod  described by V o g e l  [4]. The 
c o m p lex  nickel xanthate was prepared using the m eth od  reported by D a k e t e r n e ik s  and 
G r a d d o n  [5] w ith a slight m odification. The com plex w as prepared in aqueous m edium . The 
p H  o f  n ickel solution (1 miVf) w as adjusted to the range 8.0 to 8.5. One per cen t so lution  of 
p o ta ssiu m  ethyl xanthate was added under constant stirring until the precipitation w as com 
p le te . T he resulting precip itate w as filtered, w ashed w ith  hot water and dried in  vacuum . 
E stim a tio n  of nickel b y  conventional gravim etric m eth od  showed that the com plex  had a 
m eta l to ligand ratio o f 1 : 2. This com position w as also reported by D a k e t e r n e ik s  and 
G r a d d o n  [5].

Procedure

Solution of nickel perchlorate (0.875 X l 0 _z M )  nickel xanthate (0.825 X lO -2  M ) Л'« 
m eth y lan ilin e  and N.iV-di m ethyl aniline (2 X 10 _1 Af) and picolines (2 X 10 1 M ) were prepared  
in  acetone. Reaction m ixture w as made b y  m ixing 10 cm 3 of nickel perchlorate 10 cm 3 of the 
c o m p lex  and 5 cm3 of each base. The reaction m ixture w as kept at 25 ^  1 °C in a therm ostat. 
S u ffic ien t am ount of 63N i tracer (0.2 cm 3) was added in order to follow the reaction. T he sepa
ra tio n  o f free nickel was effected  by adding 3 cm 3 o f w ater to a 2 cm3 aliquot o f th e  reaction  
m ix tu re  at different tim e in tervals. The a ctiv ity  o f  th e  separated free nickel in  so lu tion  was 
m easured  w ith  the aid o f a liqu id  scintillation counter o f type LSS 20 supplied b y  ECIL, 
H yderab ad , India. The course o f  the exchange w as follow ed by measuring the a c t iv ity  as a 
fu n ctio n  o f tim e. The experim ent was repeated w ith  other bases also. The half tim e  and the  
rate  o f  exchange were ca lcu lated  w ith the aid o f M cK a y ’s relations [6].

R esu lts

T he re la tio n , F  =
S A ,  -  S A a w as em p lo y ed  to  ca lcu la te  th e  frac tio n
S A „  -  S A 0

e x ch an g ed . In  th e  re la tio n  S A 0, S A , a n d  S A „ denote  th e  specific  a c tiv ity  
o f  A ,  nickel, s e p a ra te d  a t  tim e  o, t a n d  o© m inu tes, re sp ec tiv e ly . E r ro r  in 
p ip e t t in g  and  c o u n tin g  co n tr ib u te s  to  an  u n c e r ta in ty  o f + 0 .0 0 1  in  F  values
[7 ]. E x p e rim e n ta l d a ta  a re  given in  T ab le s  I  an d  I I .  Sem ilog p lo ts  o f  (1 — F )  
vs . t a re  rep resen ted  in  F ig s  1 to  4. T he h a lf  t im e  (iy2) of exchange w as o b ta in ed  
b o th  b y  g raph ica l a n d  leas t-sq u are  m e th o d s . The m axim um  d ifference  be
tw e e n  ty2 values o b ta in e d  b y  th e  tw o m e th o d s  w as tw ice th e  e x p e rim e n ta l error. 
T h e  tjj2 values o b ta in e d  b y  leas t-sq u are  m e th o d  are p resen ted  in  T a b le s  I  and  
I I .  F in a lly , th e  r a te  o f  exchange w as c a lc u la ted  b y  th e  re la tio n s

l o g ( l - E )
A  • В

A  +  В
R t

R  =
0.693 A  • В

hl2 A  \- В
p e rch lo ra te  an d  th e  com plex  (n ickel x a n th a te )

w here A  a n d  В  a re  th e  c o n cen tra tio n s  o f  nickel

Acta Chim. Acad. Sei. H ung. 106y 1981



NAIDU, NAIDU: ISOTOPE EXCHANGE BEHAVIOUR 3

Fig. 1. P lo tjo f (1 — F ) vs. tim e for the system  N i(xanthate)2 N i(II) at 25 °C in  presence of 
aniline. Complex =  3 .5X  1 0 _s M ;  N ickel(II) =  3.3X  10 _s M ;  Aniline =  4 .0X  10~* M

Fig. 2. P lot o f  (1 — F ) vs. tim e for the system  N i(xanthate)2-N i(II) a t 25 °C in  presence of 
IV-methylaniline. Complex =  3 .5 X 10 -8  M ;  N ickel(II) =  3 .3 X 10 - s  M ;  JV-methylaniline =

=  4 .0 X 1 0 -*  M

1 * Acta Chim* Acad. Sei. H ung. 106, 1981



4 NAIDU, NAIDU: ISOTOPE EXCHANGE BEHAVIOUR

F ig X 3 .  P lo tjo f (1— F ) vs. tim e  for  th e  system  N i(xanth ate)2— N i(II ) at 25 °C in  presence of  
iV,/V-diinethylaniline. Com plex =  3 .5 x 1 0 _3 M ;  N ick e l(II)0  =  З .З х М -3 M ;  N.TV-dimethyl-

aniline =  4 .0 X 10-2  M

F ig . 4. P lot of (1— F ) vs. t im e  for the system  N i(x a n th a te)2— N i(II) at 25 °C in presence of  
a-picoline. Complex =  3 .5 X 1 0 -3  M ; Nickel(II) =  З .З х  1 0 -3  M ; a-picoline =  4 .0X  1 0 -2  M
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Table I

Isotope exchange data o f  nickel xanthate in  the presence o f  substituted anilines at 25 °C 
Complex: 3 .5 X 10"» M  N i(II): 3 .3 X IO"3 M  Base: 4 .0X 10"* M

S. No. Time
min cpm F 1— F

l 0

Aniline

25530

2 10 23862 0.18 0.82

3 25 22910 0.29 0.71
4 35 21000 0.50 0.50

5 55 19680 0.64 0.36

6 80 19001 0.72 0.28

7 120 17911 0.84 0.16

8 150 17168 0.92 0.08

9 oo 16444 — —

Ij/2 =  43.3 m inutes, Rate =  2 .72x10"®  m oles/dm 8/min

iV-m ethylaniline

1 0 27990 — —

2 10 27120 0.15 0.85

3 20 26860 0.19 0.81

4 35 26257 0.30 0.70

5 65 25600 0.37 0.63

6 90 24950 0.52 0 .48

7 125 24300 0.63 0.37

8 O O 22100 — —

t,/2 =  95.3 m inutes, Rate =  1.24x10"®  m oles/dm 3/min

JV,JV-dimethyIaniline

1 0 29600 — —

2 10 28110 0.20 0.80

3 40 27112 0.33 0.67

4 70 26400 0.42 0.58

5 90 26210 0.45 0.55

6 110 25500 0.48 0.52

7 155 24650 0.66 0.34

8 O O 22060 — —

Ij/j =  125.6 m inutes, Rate =  0 .9 4 X 10"® m oles/dm 3/min
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Table П
Isotope exchange data o f  nickel xanlhate in the presence o f  three picoline isomers at 25 °C 

Complex: 3 . 5 x l 0 ~ 3 M  N i(II): 3.3 X lO “ 3 M  Base: 4.0 x lO "2 M

S. No. Time
min cpm F 1—F

a-picoline

l 0 23797 — —

2 30 21623 0.25 0.75

3 60 19527 0.50 0.50

4 100 18320 0.64 0.36

5 130 17520 0.73 0.27

6 165 16700 0.83 0.17

7 195 15502 0.97 0.03

8 280 15296 0.99 0.01

9 OO 15243 — —

hit =  39 m inutes, R ate  =  3.00 X 10~6 m oles/dm 3/min

D iscussion

T h e  d a ta  in  T ab les I  a n d  I I  show  t h a t  n ick e l x a n th a te  becom es la b ile  in  
th e  p re sen ce  of an iline, iV -m ethy lan iline  a n d  iV ,lV -dim ethylam line, ce-picoline. 
T h e  o b se rv e d  lab ility  m a y  be  a t t r ib u te d  to  a n  a d d u c t fo rm atio n  b e tw e e n  th e  
c o m p le x  a n d  th e  fou r b a se s , c o n seq u en tly  th is  leads to  th e  t r a n s i t io n  from  
th e  d ia m a g n e tic  square  p la n a r  n ickel co m p lex  to  p a ram ag n e tic  b is -a d d u c t 
as r e p o r te d  b y  L im  Y a u  Y a jv . I t  becam e n ecessa ry  to  re in v estig a te  th e  ex ch an g e  
b e h a v io u r  of nickel x a n th a te  in  th e  p resence  o f  an iline  as th e  ex ch an g e  d a ta  
c o lle c te d  a t  3 0  °G  b y  R a n g a m a n n a r  cou ld  n o t  be used  for th e  c o m p a ra tiv e  
s tu d y  a t te m p te d  here. H o w ev er, th e  co m p lex  ex h ib its  in e r t b e h a v io u r  in  th e  
p re se n c e  o f ß -  and  y -p ico lines. T h is show s t h a t  th e  p a ram ag n e tic  b is -a d d u c ts  
a re  n o t  fo rm ed  betw een  th e  com plex  a n d  th e se  tw o  bases. T h is m a y  be  a t t r ib 
u te d  to  th e  steric  effects o f  m e th y l g roups in  th e  tw o picolines.

F in a lly , th e  ra te s  o f  exchange  o b se rv ed  in  th e  presence o f  a n ilin e , N -  
m e th y la n ilin e  an d  iV ,iV -dim ethylan iline decrease in  th e  o rd e r a n ilin e  >  
m e th y la n ilin e  >  d im e th y la n ilin e . T his o rd e r show s th a t  th e  an iline  fo rm s  an  
a d d u c t  w hich  destab ilizes th e  m e ta l lig a n d  b o n d s  to  a g rea te r  e x te n t .

*

T he authors thank Prof. M. V. R a m a n aia h  and Dr. S. K. P a u l , R adiochem istry  
D iv is io n , BARC, India, for th e  facilities provided and valuable discussion. One o f  th e  authors 
(GRKN) gratefully acknow ledge th e  U.G.C. for th e  financial assistance given to  th is  research  
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The interaction o f a-, or ß- or y-cyclodextrin  and D-glucose in  aqueous solutions 
has been studied b y  the potentiom etric m ethod, using borate as auxiliary  com plexing  
agent. I t  has been established on th e  basis o f the m athem atical analysis o f  pH  versus 
tim e curves that the interaction betw een  cyclodextrins and D-glucose, stron g ly  hydrated 
in aqueous solution , is w ery weak, and can be neglected . Thus, there is no reason to 
assum e that drugs introduced in to  the organism  in the form  of cyclodextrin  inclusion 
com plexes will be displaced from  the com plex b y  glucose or sim ilar low-m olecular  
hydrophilic substances present in  the body fluids.

A ccord ing  to  re su lts  o b ta in e d  in  recen t y ea rs , cyclic oc-, ß - o r  y-cyclo- 
d e x tr in s  consisting  o f 6, 7 or 8 anhydro g lu co se  u n its , fo rm  inc lusion  com plexes 
o n ly  w ith  w eakly  h y d ra te d  o rgan ic  m olecules o f a p p ro p ria te  size [1]. In  
c o n tra s t  to  th is , H o f f m a n  e t al. re p o rte d  th e  p re p a ra tio n  o f th e  /5-cyclo- 
d e x tr in -g lu c o se  inc lusion  com plex  [2]. T h ey  iso la ted  from  th e  h o t  aqueous 
so lu tio n  co n ta in in g  th e  tw o  com pounds a p ro d u c t w ith  th e  co m p o sitio n  of 
a b o u t 0.6 m ol glucose/m ol c y c lo d ex trin . H o w ev er, th e  r a te  of o x id a tio n  w ith  
p e rio d a te  in  aqueous so lu tio n  w as fo u n d  to  be id e n tic a l for “ f re e ”  glucose 
a n d  glucose “ b o und  in  th e  com plex” . T h is fa c t c o n tra d ic ts  com plex  fo rm a tio n . 
T he a u th o rs  d id  n o t in v e s tig a te  w h e th e r at- o r /5-D-glucose, r a th e r  d iffe ren t 
fro m  th e  asp ec t o f com plex  fo rm a tio n  [3], e n te rs  in to  in te ra c tio n  w ith  cyclo
d e x tr in .

I t  is n o t alw ays ea sy  to  e s tab lish  w h e th e r th e  solid p ro d u c ts  o b ta in ed  
in  co m p lex a tio n  ex p e rim en ts  are inc lusion  com plexes or p h y sica l m ix tu re s , or 
w h e th e r th e  assum ed g u est m olecule is in c o rp o ra te d  on ly  a d so rp tiv e ly  or 
as a c ry s ta l inclusion in  th e  c y c lo d e x tr in -w a te r  inc lusion  com plex  [4]. A n y w ay , 
i f  we w ish  to  draw  conclusions s u b s ta n tia l  also from  th e  asp ec t o f ph y sio lo g y , 
th e  re su lts  o f so lu tion  e q u ilib riu m  in v e s tig a tio n s  w ill be decisive.

F ro m  th e  aspect o f  th e  ap p lic a tio n  of cy c lo d ex trin s  in  th e  p h a rm a c e u tic a l 
an d  food  in d u strie s  [5], i t  is im p o r ta n t  to  p ro v e  b y  d irec t in v e s tig a tio n s  th a t  
th e re  is  n o t inclusion com plex  fo rm a tio n  in  aqueous so lu tions o f c y c lo d e x tr in s
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10 PAÁL, SZEJTLI: d-GLUCOSE-CYCLODEXTRIN COMPLEXES

w ith  g lucose . W ere c y c lo d e x tr in  to  form  inc lusion  com plexes also w ith  w ell 
h y d r a te d  molecules of sm all s ize , th is  would m ak e  q u estio n ab le  th e  a p p lic a 
t io n  o f  d rugs and  fo o d stu ffs  h o u n d  as guest m o lecu le , because o th e r  su b 
s ta n c e s  p re se n t in  large q u a n t i t ie s  in  the  organism  (e.g. glucose) w ould  d isp lace 
th e m  fro m  th e  com plex a t  t h e  m om ent of in tro d u c tio n  in to  th e  o rgan ism .

W h e n  th e  in te ra c tio n  b e tw een  tw o co m p o u n d s  is d ifficu lt to  s tu d y  
d ir e c t ly ,  a well know n c o m p le x  fo rm ation  re a c tio n  o f one re a c ta n t  c an  be 
in v e s t ig a te d  in  th e  p resence  o f  th e  o ther co m p o u n d . I n  th e  given case we can  
c o n c lu d e  from  th e  m o d if ic a tio n  o f  g lu cose-bo ra te  com plex  fo rm a tio n  in  th e  
p re se n c e  o f cyclodex trin , w h e th e r  or no t a cy c lo d ex trin -g lu co se  inc lusion  
c o m p le x  o f appreciable s ta b i l i ty  is form ed in  a q u eo u s  so lu tion .

W e did no t find  d a ta  in  th e  lite ra tu re  on th e  fo rm a tio n  of c y c lo d e x tr in -  
b o r a te  com plexes.

W e found in  th e  in v e s tig a tio n  of D-glucose—b o ra te  com plex  fo rm a tio n
[6] t h a t  on adding an  e q u ilib r iu m  m ixture  o f a -  a n d  /?-D-glucose to  a  so lu tio n  
c o n ta in in g  bora te  ions th e  re a c tio n  proceeds acco rd in g  to  th e  schem e:

/SGp

oeGpB-
'j I *ов, он-  

ctG fB -

T h e  com plex [a G p B ~ ]  o f  a-D -glucopyranose (oeGp) form ed w ith  [ te tra -  
h y d ro x o b o ra te ](  —) ion  ( B ~ ) is converted  in  a  h y d ro x id e  ion  c a ta ly z ed  reac 
t io n ,  s im ilarly  as in  th e  m u ta ro ta t io n  of g lucose , in to  th e  m ore s tab le  D - 

g lu c o fu ra n o se -b o ra te  (ocGfB- ), b u t in  a c o n s id e ra b ly  m ore ra p id  reac tio n . 
T h u s , m u ta ro ta tio n  a n d  th e  p y ran o se -fu ran o se  com plex  conversion  can  be 
s tu d ie d  separa te ly  fro m  o n e  an o th e r on th e  b as is  o f p H  (or e lec tro m o tiv e  
fo rc e )  d a ta , recorded  as a  fu n c tio n  of tim e  [6].

C onsequently , th e  in te ra c tio n s  observed  in  aqueous so lu tions c o n ta in 
in g  cy c lo d ex trin  an d  b o r a te ,  th e n  cy c lo d ex trin , b o ra te  an d  D -glucose, have  
b e e n  s tu d ied  by  p o te n tio m e tr ic  m ethods d ev e lo p ed  earlie r [6, 7].

ocGp -f- В

Experim ental
R ea g en ts, method

Three times recrystallized  boric acid and D-glucose o f  analytical purity, dried at 105 °C 
to  con stan t mass, were used, a - and  /3-су clo dextrin w ere products o f Chinoin, y-cyclodextrin  
w a s a  Sigm a product, w hile th e  other materials used w ere o f analytical purity.

The ionic strength o f  th e  solutions tested w as adjusted  w ith  sodium  perchlorate to 
1 .5  • 1 0 -Л

Electrom otive force (e .m .f .)  and pH were m easured at 25 i  0-2 °C as described in our 
earlier communication [6].
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Symbols

CD, aCD, /3CD, yCD are the general sym bol o f  cyclodextrin and the sym bols o f  a-, ß- and 
y-cyclodextrin, respectively;

Cqq, Cq, Сд are the concentrations o f to ta l cyclodextrin , glucose, and o f the boron containing  
anions [6] in the solution, respectively , m ol/dm 3;

Km =  [/9Ср1и [aGp]-1 is t he  eq u ilib riu m  c o n s ta n t o f  th e  m u ta ro ta tio n  o f D -glucose;
ß ’on is th e  a p p a re n t s ta b ili ty  c o n s ta n t  o f  th e  D -g lucose-bora te  com plex (log ß'0ll — 2.74 [6]);
ßcDO — [aGpCD] [aGp] -1 [CD] -1 is the sta b ility  constant o f the cyclodextrin-a-D -glucose  

com plex;
& D B =  [C D B - ] [CD] -1 [ B - ]  -1 is the stab ility  constan t o f the cyclodextrin -b orate  com plex;
x , e, i  (subscripts) refer to the sta te  before the m ixing of the two stock  so lu tion s containing  

borate and cyclodextrin, to  the estab lishm ent o f equilibrium o f g lucose—borate com 
plex form ation and to an arbitrary tim e, respectively.
The other sym bols are the sam e as used in  our earlier com m unication [6 ].

Investigation of cyclodextrin-borate interaction

25.0 mL o f a boric acid-sodium  [tetrahydroxoborate] solution containing 24 m m ol/dm 3 
to ta l boron (pH  =  9.00) was titrated  w ith  a-, ß - or 7 -cyclodextrin stock so lu tion  according 
to  the “ zle.m .f.” m ethod [7]. The concentration  o f a-, ß- and y-cyclodextrin  w as increased  
during the experim ents up to 10.0, 9.0 and 8.1 m m ol/dm 3, respectively. The change produced  
b y  th is in the e.m .f. value m easured w ith  a glass electrode did not exceed  0.2 m V ( Zle.m.f.), 
as com pared to values measured in so lutions in the absence of cyclodextrin. O w ing to  the poor 
so lub ility  o f cyclodextrins, their concentration  cannot be further increased in experim ents of 
th is type.

N ext, solutions containing both  cyclodextrin  and borate were prepared (to ta l boron 
concentration 24 m m ol/dm 3, a-, ß - or y-cyclodextrin  concentration 23.4, 25.9 and 17.0 m m ol/dm 3 
respectively). The solutions were heated to 50 °C, and after standing for 16 hrs a t room  tem 
perature, then for 1 hour at 25 °C, the Zle.m.f. values, relative to a boric a c id -b o ra te  solution  
treated  in  an identical w ly , but containing no cyclodextrin, were m easured w ith  a glass 
electrode. /1e. m.f. values m easured in th is w ay in the case o f a-, ß-  and y-cyclodextrin  
were 0.6, 0.73 and 0.50 mV, respectively  (corresponding to a decrease in pH  o f  0 .01, 0.012 
and 0.008).

Assum ing cyclodextrin-borate com plexes o f  1 : 1 com position, the sta b ility  constants  
were calculated on the basis o f the know n zle.m .f. values and the total concentrations in the  
w ay described earlier [7]. Since the standard deviation  of e.m.f. m easurem ents w as found to  
be (on the basis o f 18 data) ± 0 .3  mV, and the va lue measured in this w ay is o f  the sam e 
order o f m agnitude as the error o f m easurem ent, the one-sided confidence lim it calculated  
from  the standard deviation was added to  the .de.m.f. values obtained, and on ly  th e  m axim al 
stab ility  constants calculated from these values are given  (Table I).

Investigation of the g luem e-cyelo lextrin  in terletinn

The pH  o f 25.00 m L boric acid -borate  so lution  o f pH  =  9.00 (20.0 m m ol/d m 3) was 
precisely measured, then 10.00 m L o f  a stock  solution  containing, in nearly equim olar quanti
ties, glucose and one of the cyclodextrins, prepared 48 hours before the experim en t, was 
rapidly added. In the solution obtained, the total concentration o f glucose and  a -, or ß- or 
y-cyclodextrin  was 5.70, 5.80, 5.57 and 3.57 m m ol/dm 3, respectively. The change in  e .m .f., 
m easured w ith the glass electrode, w as recorded at a sensitiv ity  o f 0.2 m V/m m  and a t a rate 
o f  80 m m /m in as a function o f tim e.

On the basis o f  6 parallel experim ents, the reproducibility o f the zle.m .f. versus tim e  
curves was better than  ± 0.2 mV.

It can be seen from Fig. 1 th a t after m ixing the stock solutions, zle.m .f. increases only  
along a section o f about 160 s. During th is period the equilibrium  quantity  o f  a-D-glucofura- 
nose-b orate , form ed from  the a-D-glucose present, is atta ined [6]. The Zle.m.f., m easurable  
after term ination o f the reaction in th e  presence o f cyclodextrin is som ew hat higher than in 
th e  absence o f the latter. This m ay be ind icative  o f  the formation of a cyclodextrin -a-D -  
glucose com plex, because the form ation o f th is com plex increases the total a-D -glucose conten t 
o f  th e  in itial solution, and accordingly, the addition  o f  borate, forming a more stab le  com plex, 
produces a greater change in  pH  after term ination  o f  the faster reaction.
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F ig . 1. Variation of e.m .f. w ith  t im e , measured w ith  a glass electrode in a solution containing  
b orate  (T otal boron: 14.29 m m ol/d m 3, pH  =  9.0), D-glucose (Cq =  5.70 mmol/dm3) and one 
o f  th e  cyclodextrins (tim e from  m ixing). (1) a -cyclodextrin , Cqd =  5.80 m m ol/dm 3; (2) ß- 
cyclodextrin , 5.57 m m ol/dm 3; (3) y-cyclodextrin, 3.57 m m ol/d m 3. Continuous line: in  the

absence of cyclodextrin

Table I

Stability o f  cyclodextrin-borate and cyclodextrin—D-glucose complexes

On the basis of e.m.f. changes m easured, the statem ent can be m ade at a significance level o f  
P  =  0.95 that the value o f  the stab ility  constants does n ot exceed the values given in the table

Complex S tability constant

Sym bol Com position Sym bol
Possible maximum value

otCD ß C D yCD

[C D B -] Cyclodextrin—borate 1 : 1 complex ß c D B 1.6 1.6 1.8

[aGpCD] Cyclodextrin-a-D-glucose

1 : 1 com plex* ß cD Q 16.1** 2.0 2.3

* The formation o f a com plex with ^-D-glucose can be excluded  
** Kinetic data prove th a t /?cDG 111 this case too is less than 10

In the calculation o f  th e  assum ed 1 : 1 cyclodextrin-a-D -glucose com plex the form ation  
o f  th e  cyclodextrin-borate com plex  has been neglected , because its stab ility  (Table I) is 
considerably lower than  th a t o f  th e  glucose-borate species [6].

In the stock so lution  contain ing cyclodextrin and  glucose, the concentration before
m ix in g  w ith  borate were:

Ccd =  [CD]X +  /?cDg[CD]x [“Gp]x (*)
|C Q =  [aG p]x +  [ßGp]x +  /?c d g [CD ]x [aGp]x . (2)

On attaining equilibrium  after m ixing, using th e  relationships deduced earlier for 
[aGp]* and [B ~]e [6], one o b ta in s

Ccd =  [CD]* (1 +  /?cDG[aCp]e +  ^cdb № “ ]«)] (3)
Cq =  [aG p]e ( l  +  +  ftjDoICD]*) +  [/ÍGp]x. (4)
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Express [CD]e from  Eq. (3) and su b stitu te  it  into  Eq. (4), then rearrange after the sub' 
stitu tio n  o f K m for [ocGp]x, we have:

where

[aGP]x =  - i -  ( c G -  C - _______ ftcD ofcG pbC cp
1 +  A :D a[a G'P]e +  / W B - ] e

(5)

C =  [«СР]*(1 H - Ä u t B - ü ,

w hich can be calculated [6] from experim ental data . B y  a similar reduction o f  equations  
1) and (2):

C0 =  [<xGp]3
(1 + K m  +

ßcDG Cep  
1 +  /^CDo[a<3p]:-)■

(6)

I f  Cq, Ccd and Сд are known, the constants ßcDG belonging to the ApH e va lu es calcu lated  
from  equilibrium  /le .m .f. can be num erically ca lcu la ted  from Eqs. (5) and (6) [6]. T he one
sided confidence lim it belonging to 95% significance leve l was added also in th is case to  the  
A p l le values. Table I contains the m axim al ßcDG constants calculated under th e  assum ption  
o f  ßcDB  =  0.

Conclusions drawn so far have b een  based on ly  on the evaluation o f th e  saturation  
section  o f the le .m .f .  versus tim e curve. I t  has been investigated  whether th e  fu ll course of 
th e  curve supports our statem en t that the form ation  o f stable cyclodextrin-glucose com plexes

F ig. 2. Description of the /le .m .f. versus t curve, m easured w ith  a glass electrode in  a so lution  
conta in ing  a-cyclodextrin, borate and D-glucose, assum ing 1 : 1 cyclodextrin-a-D -glucose  
com plexes o f  different sta b ility  (experim ental conditions are the same as in Fig. 1 ) .  P o in ts  
(average o f 6 m easurem ents): ( 1) in the presence o f cyclodextrin , (2) in the absence o f cy c lo 
dextrin . Calculated curves: assum ing stab ility  constan ts o f  a) ß co ü  =  100; b) ßcDO  =  Ю
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can be excluded. The rate equation  of the form ation o f oc-D-glucofuranose-borate, described  
earlier [6 ], has been used  for th e  calculations w ith  th e  follow ing modifications.

T ota l a-D-glucose in  th e  solution:

[aGp]x +  [aG pC D ]x =  [aGp], +  [aGpCD], +  ([a G p B - ] +  [* G fB -])„  (7)

from  th is

[ .C p l,(l +  fcooICDU -  C4 ( l  -  num, ‘eJpH |)
[“GP1"  ----------------------- 1 +  ftoolCD],--------------------- - ' '8)

A ssum ing a given ßcDG’ th e  concentrations [aGp]x and [CD]X can be calculated on the basis 
o f  E qs (1) and (2). T he v a lu e  o f  ßcD O 's l° w (Table I), and th u s [CD]; scarcely changes during  
th e  reaction, so that th e  fo llow in g  reduction was m ade in  E q. (8):

[CD], =  0.5 ([C D ]X +  [C D ],)

(in  th e  case o f a given ßcDO’ the value of [CD], can be ob ta ined  from Eq. (3) and from  [aG p], 
calcu lated  from experim ental data [6]). On su bstitu tin g  E q. (8) into the rate equation [6], 
d e .m .f. versus tim e fu n ction s, corresponding to various ßcDG stab ility  constants can be cal
cu lated  using the other co n sta n ts, determined earlier, as described in the com m unication [6], 
and these functions can be com pared w ith the curves measured.

I t  can he seen from  F ig. 2 that even the character o f the curves calculated in  th is w ay  
is  different from the data  m easured, and approaches the la tter  only in the last third o f the  
180 s measuring period. T his difference becom es m ore and m ore pronounced on increasing th e  
va lue  o f  the ßcDO con stan t selected .

D iscussion

Cyclodextrin-borate in teraction

T he m in im al e .m .f . changes found  in  th e  ex perim en ts m ay  h a v e  b een  
d u e  to  th e  effect o f  th e  m edium  on th e  h ig h -m o lecu la r organic co m p o u n d  o r 
b y  th e  fo rm atio n  o f  acyclic  associates c o n ta in in g  H -bonds, or even  b y  th e  
m od ifica tion  of th e  cy c lo d ex trin -p e rch lo ra te  in te ra c tio n  [8]. I f  th e  d a ta  m e a s
u re d  ind ica te  th e  fo rm a tio n  of a 1 r l  b o ra te  co m p lex , th e  s ta b ility  o f th e  com 
p le x  ap p ro x im ates  t h a t  o f  th e  cyclic e th y le n e  g ly co l-b o ra te  com plex [7] o n ly  
in  th e  case of a -c y c lo d e x trin .

T his re su lt is c o n s is te n t w ith  know ledge on th e  s tru c tu re  of c y c lo d e x tr in s
[9] an d  b o ra te  co m p lex es [7, 10]. T he v ic in a l d io l group of cy c lo d ex trin s  is 
lo c a te d  nam ely  a t  th e  b o rd e r  of th e  ring , in  d ie q u a to r ia l position , u n fa v o u ra b le  
from  th e  aspec t o f  b o ra te  com plex fo rm a tio n .

Cyclodextrin-glucose interaction

The e.m .f. versus tim e curve characteristic o f D-glucose-borate com plex  
form ation [6] is s lig h tly  modified in th e  presence of cyclodextrin, and th is  
m ay indicate the form ation  of a cyclodextrin-a-D -glucose com plex. H ow ever, 
th e  stab ility  con stan t o f this com plex is low  and does not exceed th e  value  
show n in Table I ,  calcu lated  under consideration  of the m easurem ent error.
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A cco rd in g  to  th e  k in e tic  evaluation  o f  th e  cu rv e  even  these  less s ta b le  com plexes 
a re  n o t  form ed, a n d  th e  ex p e rim en ta l d a ta  can  be in te rp re te d  also  in  th is  
case b y  general m ed iu m  effects.

Im p o r ta n t  from  th e  physio log ical a sp ec t is th a t  p rac tica lly  th e  fo rm a tio n  
o f  cy c io d ex trin -g lu co se  inclusion co m p lex es in  aqueous so lu tion  m u s t  n o t  be 
ta k e n  in to  co n sid e ra tio n  even if  th e  com plexes o f  th e  s ta b ility  g iven  in  T ab le  I  
a c tu a lly  ex ist. C alcu la tions on th e  b as is  o f  th e  m ole frac tion  o f th e  com plexes 
a n d  E q s  (1) an d  (2) u n d e r th e  a s su m p tio n  ß coa  — 2.0 show t h a t  in  a  n ea rly  
s a tu ra te d  aqueous so lu tion  of 15 m m o l/d m 3 co n cen tra tio n  of th e  /3 -cyclodext
r in -g lu co se  “ inclusion  com plex”  d esc rib ed  b y  H o f f m a n  et al. [2 ]  o n ly  a b o u t 
1%  o f th e  cy c lo d ex trin  w ould be b o u n d  to  glucose. This is w h y  th e  ra te  of 
o x id a tio n  of glucose “ bound in  th e  in c lu sio n  com plex”  w as fo u n d  b y  th e  
ab o v e  a u th o rs  to  be id en tica l w ith  th e  r a te  m easu red  in  th e  absence  o f cyclo 
d e x tr in .

O u r ex p erim en ts  supports  e a r lie r  o b se rv a tio n s  [1, 9], acco rd ing  to  w hich , 
re a d ily  h y d ra te d  com pounds do n o t  fo rm  inclu sio n  com plexes as g u e s t m ole
cules. T h u s , th e re  is no  reason to  a ssu m e  t h a t  d rugs in tro d u ced  in  th e  fo rm  of 
cy c lo d e x tr in  inclusion  com plexes in to  th e  o rg an ism  will be d isp laced  b y  g lu
cose or sim ilar su b stan ces  a t the  v e ry  t im e  o f in tro d u c tio n  in to  th e  b o d y  flu ids.
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Infrared transm ission spectra of vapour-deposited  uracil thin layers w ere recorded 
before and after irradiation. U sing Csl su bstra tes, uracil thin layers show ed a great 
variety  of crystalline structures differing in  th e  range of ordering, orien tation  and 
m orphology. Uniform  layers were obtainable b y  covering the Csl substrates w ith  a 
th in  gold film . U V  photorcactivity essen tia lly  did not depend on the structure o f thin  
layers when well crystallized. UV ph otochem ical reaction produced cis-syn  dimers, 
but the form ation o f the eis-anti stereoisom er w as not excluded either. Photodim ers 
in situ  occupied different isolated and d istorted  sites o f very low or no sym m etry. 
V ery slow ordering over some weeks led to  th e  crystallization of photodim ers.

In tro d u c tio n

T he UV p h o to ch em ica l re a c tiv ity  o f  p y rim id in e  bases in  nuc le ic  acids 
is a w ell know n fa c t, an d  because of i ts  b io log ica l im portance  i t  h a s  been 
s tu d ie d  fo r a long tim e . I t  is also know n t h a t  in  th e  UV ra d ia tio n  in ju ry  of 
R N A , u rac il p lays th e  m ain  role [1, 2, 3 ]. T h e  UV p h o to ch em istry  o f  u rac il 
w as s tu d ie d  th ro u g h  th e  in v estig a tio n s o f m o d e l system s as well. U p  to  полу, 
m o stly  so lu tions [4] or frozen  aqueous so lu tio n s  [5] were used, an d  th e  p h o to 
p ro d u c ts  w ere an a ly zed  b y  d iffe ren t m e th o d s  (co lum n  and  th is  lay e r c h ro m a to 
g rap h y , UV an d  IR  spectroscopy , etc.). H o w ev e r, these  model sy s tem s h av e  
som e d isad v an tag es . In  room  te m p e ra tu re  so lu tio n s  th e  co n fo rm atio n  o f  th e  
reag en t m olecides is v e ry  d ifferen t from  t h a t  in  R N A  [6]. T he h ig h  lig h t 
s c a tte r in g  o f th e  frozen system s m akes i t  im p o ssib le  to  calcu la te  th e  ab so rb ed  
dose a n d  th e y  are  n o t su itab le  fo r d ire c t p h y s ica l m ethods to  fo llow  th e  
reac tio n s. D ried  lay e rs  o f  u rac il w ere also s tu d ie d  [7]; h u t only iso la ted  p h o to - 
p ro d u c ts  w ere in v e s tig a te d  an d  th e  sy stem s w ere  n o t applied  for th e  in v e s ti
g a tion  o f th e  reac tio n s in side  th e  m a tr ix  ( in  s i tu ) .

U sing  IR  spectro scopy , we tr ie d  to  f in d  a n  ap p ro p ria te  m e th o d  fo r th e  
in  situ  s tu d y  of th e  pho tochem ica l reac tio n  in  c rysta lline  u racil th in  lay e rs . 
T here  are  som e p ap ers  referring  to  th e  s t ru c tu re  of v ap o u r-d ep o sited  th in  
layers [8, 9, 10], m ak in g  use of th e  UV, I R  sp ec tro scop ic  or X -ray  d iffra c tio n
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m e th o d s . In  th e  case of I R  spec tro scopy , h o w ev er, only som e sp e c tra  w ere  
r e p o r te d  a n d  th e ir  d e ta iled  s tu d y  w as n o t c a rr ie d  o u t [9, 11]. B esides, w e h a v e  
fo u n d  som e co n trad ic tio n s  in  th e  in te rp re ta t io n  o f th e  pub lished  d a ta .  T h e  
I R  s p e c tru m  of ir ra d ia te d  ly o p h ilized  th in  (15 p m ) layers of u rac il w as s tu d ie d  
b y  W a i t  et al. in  1978. D esp ite  th e  fac t th a t  th e i r  s tu d y  was carried  o u t u s in g  
la rg e  doses o f ir ra d ia tio n  (1 h r  o f ir ra d ia tio n  t im e , 100 W  of m ercu ry  la m p ) 
c o m p a re d  w ith  th o se  ap p lied  in  th e  p re se n t w o rk  (see ex p erim en ta l), th e y  
o b se rv e d  a lte ra tio n s  o f th e  sp e c tra  only  in  th e  w avenum ber range o f  1550 — 
1000 c m -1  an d  re p o rte d  th e  ap p earan ce  o f n o t  m ore th a n  tw o h a n d s  (1152 
a n d  1280 c m -1) a t tr ib u ta b le  to  th e  p h o to p ro d u c ts . No k inetic  or s t r u c tu r a l  
c o n s id e ra tio n s  are  p re se n te d  fo r th e  p h o to ch em ica l process, on ly  a w eak  
su g g e s tio n  can be read  for th e  p ro d u c tio n  o f “ loose ly  coupled”  species. I n  th e  
p re s e n t  p a p e r  we re p o rt on o u r in v e s tig a tio n s  o f  u rac il th in  layers b y  t r a n s 
m iss io n  in fra re d  sp ec tro sco p y . “ T h in  la y e rs”  shou ld  orig inally  m ean  la y e rs  
w ith  a  th ick n ess  o f som e te n th s  of a pm  ju s t  as th in  as layers u sed  in  UY 
sp e c tro sc o p y . H ow ever, tran sm iss io n  in f ra re d  spectroscopy req u ires  la y e rs  
o f  th e  th ick n ess  o f 5 — 50 p m . T h u s th e  la t te r  ty p e  of th in  layers w as in v e s t i 
g a te d  a n d  th e  degree of c ry s ta ll in ity  o f th e  u rac il, its  p h o to re a c tiv ity  a n d  
th e  k in d  a n d  c ry s ta llin ity  o f  th e  in  situ  p h o to p ro d u c ts  was s tu d ied .

Experim ental

U racil was purchased from  R E A N A L  and w as used without further purification .
U racil th in  layers were produced by evaporation  and deposition of crystalline uracil 

in  th e  w a y  described before [8 ]. Evaporation conditions: temperature 135—140 °C; substrate  
at room  tem perature; pressure 0.1 Pa. As substrates, 5.5 m m  thick Csl windows w ith  a diam 
eter  o f  25.2 mm were used. Infrared spectra were taken  w ith  a Perkin—Elmer Model 225 spectro
p h o to m eter  in  the 4000 — 200 c m -1 region.

In  order to obtain the IR  spectra of polycrystalline uracil, Nujol mulls were used  for 
m o st o f  the spectral regions and halocarbon m ulls for regions where Nujol absorbs. T he irra
d ia tio n  o f  uracil th in  layers was carried out b y  a G erm icidal lamp (General E lectric, 15 W ) 
u sin g  argon gas protection. IR  spectra were recorded before and after UV irradiation.

T he covering o f the substrates w ith gold layers was performed by a Jeol J E E  type  
v a cu u m  evaporator at 2 .6 X 1 0 -3 Pa, and thin layers o f  20 nm  were produced in each  case.

D ifference spectra characteristic for the uracil photoproduct were calculated from  the  
sp ectra  o f unirradiated and irradiated layers. The transm ission  was checked from th e  spectrum  
in  step s o f 2 cm -1 . The incident in ten sity  was determ ined by fitting base lines to th e  experi
m en ta l transm ission curve, and thus the extinction  could  be calculated point b y  poin t. In  the  
case o f  spectra of irradiated state  the extinctions at 1417 c m -1 and 1238 cm -1 were considered  
as characteristic for the am ount o f unaltered uracil m olecules in the layers. I t  w as supposed  
th a t  th ese  sharp bands attributed to uracil ring m odes, were not overlapped b y  a n y  p h oto
p rod u ct vibrational band. Thus a m ean value o f th e  fractional decrease of the am ou n t of 
uracil m olecules caused by irradiation could be determ ined from the change o f th ese  very  
ex tin ctio n s . After this, the extin ctions responsible for th e  spectrum of unaltered uracil were 
m u ltip lied  b y  this value and were substracted from  those  o f irradiated uracil. T he resu lt was 
considered  as the spectrum  characteristic for the photoproduct. The calculation was perform ed  
on  a H ew lett-P ackard  9100 В typ e  Computer and th e  spectrum was plotted b y  its  X  Y  
recorder.

T he X -ray diffractogram s o f the thin layers were obtained by a Philips P W  1051 X -ray  
diffractom eter.
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Infrared spectra and structure o f  uracil thin layers

T he sp ec tra  o f  th e  th in  layers F aces I — I I I  show n in  F igs l a ,  b , c w ere 
reg is te red  on u rac il th in  layers o b ta in ed  in  d iffe ren t ev ap o ra tio n  co n d itio n s  
(ev ap o ra tio n  tim e  a n d  te m p e ra tu re  w ere v a r ie d ) .

cm'1

cm '1

F ig. 1. Spectra of different uracil layers
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T h e  sp ec tru m  o f p o ly c ry s ta llin e  u ra c il  (F ig . Id )  is id en tica l w ith  th e  
s p e c t r a  re p o rte d  earlie r in  th e  l i te ra tu re  [12]. T he sp ec tra  o f F aces  I — I I I  
o b v io u s ly  d iffer from  th a t  o f  th e  p o ly c ry s ta llin e  sam ple an d  th e y  a ll d iffe r 
f ro m  e a c h  p th e r, too .

T a b le  I  shows th e  v ib ra tio n a l freq u en c ies  co rrespond ing  to  th e  re sp e c 
t iv e  s p e c tra  in  Fig. l a ,  b , c, d. To check i f  a n y  chem ical reac tio n  to o k  p lace  
d u r in g  e v a p o ra tio n , we a n a ly z e d  th e  d isso lved  lay e rs  b y  gas c h ro m a to g ra p h y . 
W e fo u n d  th a t  th e  lay e rs  c o n ta in e d  only  u ra c il  m olecules. I t  follows t h a t  th e  
d iffe re n c es  betw een  th e  la y e rs  m u st be re la te d  o n ly  to  th e ir  physica l s tru c tu re . 
A lth o u g h  th e  sp ec tra  in  F ig s  l a —d seem to  be  q u ite  d ifferen t; T ab le  I  show s 
t h a t  a ll  th e  frequencies o f  th e  co rrespond ing  sp e c tra l bands are eq u a l a n d  on ly  
t h e i r  re la tiv e  in ten s itie s  a n d /o r  b a n d  shap es a re  d ifferen t. The id e n t i ty  o f  th e  
v ib r a t io n a l  frequencies p ro v e s  th a t  only  one a llo tro p ic  m od ifica tion  a p p e a rs  
in  th e  la y e rs . On th e  o th e r  h a n d , th e re  m a y  b e  r a th e r  g rea t d ifferences b e tw een  
th e  d eg rees  o f th e  c ry s ta l l in i ty  of th e  u ra c il la y e rs . The m ore th e  b a n d s  sp lit 
th e  m o re  ordered  u rac il is .

X - ra y  m easu rem en ts  p erfo rm ed  on th e  th in - la y e r  sam ples h a v e  show n 
th e  re la t iv e ly  th ic k  ( ~ 5 0  /tm ) lay e r to  b e  long -ran g e  ordered . In  g en e ra l, 
w e ll-d e f in e d  X -ra y  re fle c tio n s  ap p ea r o n ly  i f  th e  range of th e  o rd e rin g  (th e  
size  o f  th e  “ c ry s ta llite s” ) is  g re a te r  th a n  10 n m . Two reflections from  F a c e  I  
h a v e  b e e n  found , th o se  o f  th e  p lanes (001) a n d  (230), respective ly . T h is , m ean s 
t h a t

(i) F ace  I  co n ta in s  w ell developed  m ic ro c ry s ta llite s
(ii) F ace  I  co n ta in s  c ry s ta llite s  o f o n ly  tw o  o rien ta tio n s.
T h e  ran d o m  p o ly c ry s ta llin e  sam ple show s reflec tions of h igh  in te n s i ty  

f ro m  p la n e s  (120), (200) a n d  (100), too . I n f ra re d  sp ec tru m  of F ace I  (F ig . la )  
is  a  ty p ic a l  c ry s ta l sp e c tru m  w ith  well s p li t  b a n d s . A lthough  th e  I R  s p e c tra  
o f  F a c e  I I  an d  F ace I I I  a re  also well or ev en  b e t te r  sp lit, no X -ra y  re f le c tio n  
h a s  b e e n  found  from  th e m .

T h e  sp ec tra  o f ly o p h ilized  u rac il la y e rs  p re sen ted  in  the w ork  o f  W a i t  

et al. [11] w ere n o t an a ly zed  o r discussed. G u m e n i u k  ei al. [9] found  t h a t  u ra c il 
t h i n  la y e rs  ev ap o ra ted  a t  r a th e r  h igh te m p e ra tu re s  (190 — 200 °C) sh o w ed  a 
“ la m in a te d ”  am orphous s tru c tu re , w hich  ea s ily  tran sfo rm ed  in to  a c ry s ta l
l in e  fo rm , keep ing  th e  la y e rs  in  an  a tm o sp h e re  of 100%  w a te r c o n te n t . T he 
c ry s ta l l in e  form  w as c h a ra c te riz e d  w ith  th e  (320) an d  (310) c ry s ta llo g ra p h ic  
p la n e s . W c have to  m e n tio n , how ever, t h a t  th e re  are some d o u b ts  re g a rd in g  
th e  a b o v e  in te rp re ta tio n  o f  th e  X -ra y  d iffra c to g ram  also p u b lish ed  in  th e  
p a p e r :

1. T h e  reflection  a t t r ib u te d  to  th e  (320) p lanes ap p eared  in  th e  d if
f r a c to g ra m  of Gu m e n i u k  et al. a t  2 0  =  35.7°. T his angle, acco rd in g  to  our 
c a lc u la t io n , based  on th e  sam e  c ry s ta llo g ra p h ic  d a ta  [13] as used  b y  G u m e n i u k  
et a l., m ean s a d is tan ce  o f 0.315 n m  co rre sp o n d in g  b y  no m eans to  th e  d is ta n c e
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Table I

Vibrational frequencies o f uracil layers

N u jo l m u ll
T h in  lay e rs

F a c e  I F ace  I I F ace  I I I

3220 sh 3220 sh 3230 w 3225 w
3180 sh 3175 sh 3180 sh 3175 sh
3100 vs 3110 vs 3110 vs 3110 vs
3080 s 3088 s 3085 s 3080 s
3044 ш 3042 sh 3044 w 3044 sh
2990 sh 2979 s 2995 m 2992 m
2940 s 2938 vs 2945 vs 2942 vs
2895 sh, b 2900 sh 

2890 m
2900 w 2900 w

2860 m 2855 m 2863 m 2863 w
2820 m 2812 m  

2800 w
2928 m 2825 w

2740 sh 2731 w 2745 w 2750 vw
1790 w 1788 sh 1795 vw 1790 vw
1767 m /w 1768 m 1766 w 1768 w
1736 sh 1736 vs 1740 m 1736 m
1718 vs 1718 vs 1717 vs 1717 vs
1673 vs 1676 s 1677 s 1675 s
1645 s 1643 s 1646 s 1645 s
1610 sh 1615 sh 1612 sh 1610 sh
1525 vw 1526 vw 1525 w 1525 w
1510 m 1515 m 1513 w 1513 m

1456 s 1460 s 1458 s
1455 s 1447 sh 1447 sh 

1424 s 1424 s
1417 sh 1422 s 1420 s 1420 s
1390 m/s 1394 m 1392 w/m 1395 m
1328 s 1233 s 1240 s 1237 s
1217 sh 1215 sh 1218 sh 1218 sh
1150 vw
1099 w 1095 vw 1098 w/m 1099 w/m
1006 m/w 1005 m 1006 w 1006 m /w

994 m/w 982 m/w 995 m/w 995 m /w
920 vw
853 m 850 m 857 w 858 m/s
822 s/m 822 m/s 823 w 823 m/s
810 sh 817 w 814 m

805 sh 800 vw 802 sh 
799 sh

780 w 782 m/w 783 w 782 w
760 m  
728 sh

759 m 760 m 759 m 
734 sh

614 vw 615 w 612 w
584 m  
578 vw

584 m 586 w 586 m  
576 vw

564 m 565 m 566 m 565 m
560 sh 561 sh 561 sh 

546 s
561 sh

545 s 543 s 542 s 543 s
531 sh 533 sh 532 sh 532 sh
434 m /s 438 m 436 m 436 in
425 sh 428 sh 427 sh 428 m
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b e tw e e n  th e  (320) p lan es (0 .299  nm) b u t to  t h a t  o f  th e  (001) planes (0.314 nm ). 
T h e  (320) planes sh o u ld  p ro d u c e  very  w eak  re fle c tio n , th u s  th e  high in te n s ity  
r e f le c tio n  a t 2 0  =  35.7° c a n n o t belong to  th e  (320) p lanes because o f its  
in te n s i ty ,  either.

2. The assignm en t o f  th e  reflection  a t  2 0  =  30.6° to  th e  p lanes (310) 
m u s t  be  w rong, too . T h e  p la n e  d istance c a lc u la te d  w ith  2 0  =  30.6° is 0.367 
n m , w h ich  is very  close to  th e  d istance b e tw e e n  th e  p lan es (201) (d =  0.363 
n m ) , w hile th e  d is tan ce  b e tw e e n  th e  p lanes (320) sh o u ld  be 0.329 nm .

T h e  in fra red  s p e c tra  a re  influenced m a in ly  b y  sh o rt-ran g e  o rder a n d  are 
r a th e r  insensitive to  lo n g -ra n g e  order. L o n g -ran g e  o rd e r is reg a rd ed  as th e  
p e r fe c t  rep lica tion  o f  u n i t  cells by  tra n s la tio n  a n d  i t  is therefo re  concerned  
m a in ly  w ith  tra n s la tio n a l sy m m etry , w hile sh o rt-ra n g e  order is reg a rd ed  as 
a r ra n g e m e n ts  w ith in  th e  u n i t  cell assoc ia ted  w ith  p o in t group sy m m etry .

A ccording to  th e  a b o v e  fac ts , we conc lude  t h a t  a ll th e  sam ples are  well 
o rd e re d , b u t th e  ran g e  o f  th e i r  ordering m u s t be  q u ite  d iffe ren t. W hile  F ace  I  
is  long -ran g e  o rdered , F a c e s  I I  and I I I  a re  sh o rt-ra n g e  ordered.

T he sam ples m a y  b e  d iffe ren t no t o n ly  in  th e ir  ran g e  of o rdering  b u t  in  
t h e i r  o rien ta tio n  as w ell. T h e  o rien ta tio n  e ffec t m an ifes ts  itse lf  in  th e  re la tiv e  
in te n s it ie s  of th e  b a n d s . T h e  u racil ring  fo rm s a  d ih e d ra l angle of 6° 6 ' w ith  
c ry s ta llo g rap h ic  ab p la n e , (010), i.e. i t  is a lm o s t p a ra lle l to  it . T herefo re , in 
th e  case of perfect (001) o r ie n ta tio n  to  th e  s u b s tra te ,  th e  ou t-o f-p lane  v ib ra 
t io n s  o f th e  m olecules sh o u ld  n o t appear in  t h e i . r .  sp ec tru m , while o r ien ta tio n s  
l ik e  (hkO ) should allow  to  a p p e a r  m ax im al in te n s it ie s  o f th e  o u t-o f p lan e  v ib 
ra t io n a l  bands. P lan es (230), (120), (200), (100) o r co m b in a tio n s of all th e  above 
o r ie n ta tio n s  or (hkl) o r ie n ta tio n s  m ay p ro d u c e  a g re a t v a r ie ty  o f re la tiv e  
in te n s itie s .

Considering th e  s p e c tra , Face I I  m u s t be  m o stly  of th e  o r ie n ta tio n
(001) due to  th e  r e la t iv e ly  w eak in te n s ity  o f th e  700 — 900 c m -1 N H  o u t-o f
p la n e  bending  reg ion  (F ig . lb ) . In  Face I I I ,  som e s im u ltaneous o rie n ta tio n  
w ith  u rac il ring  p lan es  p a ra lle l  and p e rp e n d ic u la r  to  th e  su b s tra te  p lan e  or 
o r ie n ta tio n  of (hkl) ty p e  (F ig . lc ) seems to  o ccu r. F ace  I  con ta ins o rie n ta tio n s  
o f  (001) and (230), r e s u lt in g  in  a sp ec tru m  (F ig . la )  w ith  re la tiv e  in te n s i
t ie s  ra th e r  sim ilar to  t h a t  of the  ra n d o m  p o ly c ry s ta llin e  m ulled  sam ple
(F ig . Id ).

I t  is qu ite  o b v io u s t h a t  the  high v a r ie ty  fo u n d  in  th e  s tru c tu re s  of th e  
v ap o u r-d ep o sited  u ra c il la y e rs  m ay be in flu e n c e d  n o t only by  th e  slig h tly  
v a ry in g  pa ram ete rs  o f  th e  ev apora tion , b u t  r a th e r  b y  th e  ac tu a l co n d itions 
o f  th e  su b stra te  su rfaces  w hich  the  u rac il h a s  been  deposited  on. Since C sl 
is  v e ry  sensitive to  m o is tu re , its  surface is n e v e r  rep ro d u c ib le . The s ta n d a rd 
iz a t io n  of the  su rface c o u ld  be achieved b y  co v erin g  C sl w ith  a th in  gold lay e r 
o f  20 n m  before d e p o s itin g  uracil. In  th is  w ay , we m an ag ed  to  get th in  layers 
w ith  a well rep ro d u c ib le  s tru c tu re  of F ace  I I .
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Spectra of photoproducts

F igure  2 i l lu s tra te s  th e  ex p an d ed  sp e c tra  o f  F ace  I I I  before  an d  a fte r  
an  UV irrad ia tio n  fo r five  m in u te s . The sp ec tra  o f  ir ra d ia te d  lay ers  co n ta in  th e  
b an d s  of tb e  p h o to p ro d u c t(s )  an d  those o f th e  rem a in in g  u rac il m onom ers. 
W e found  th e  sp ec tru m  o f  ir ra d ia te d  Face I I I  to  be  ty p ic a l in  its  c h a ra c te r  for 
th e  o th e r  faces, to o . In  T ab le  I I  we collected all th e  new  b an d s  t h a t  ap p eared  
a f te r  th e  layers h ad  been  ir ra d ia te d . T ab le  I I  in c ludes th e  p h o to p ro d u c t 
b a n d s  o f a sam ple (F ace  IY) o f th e  sam e ty p e  as F ace  I I ;  th is  ty p e  of layers 
w as fo u n d  to  form  in  m o st cases. D a ta  of T ab le  I I  on F ace  I  w ere co llected

F ig . 2. Expanded infrared spectra o f Face III. (2) before irradiation, (1) after irradiation
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f ro m  s p e c tra  recorded  a f te r  10 an d  130 m in .; th o se  o f F ace  I I  a f te r  3 m in.; 
th o s e  o f  F ace I I I  a f te r  5 m in .;  w hile tho se  o f F ace  IV  a f te r  3, 6 a n d  9 m in. 
o f  ir ra d ia t io n . (From  th e  p o in t  o f view  of ph o to ch em ica l changes, th e  abso rbed  
e n e rg y  is d e te rm in an t. T h e  a b so rb ed  dose depends on th e  tim e  o f ir ra d ia tio n , 
th e  l ig h t  sca tte rin g  an d  th e  th ick n ess  of th e  la y e r  as well. T h u s b y  app ly in g  
d if fe re n t  irrad ia tio n  tim es  w e tr ie d  to  com pensate  th e  d ifferences in  th e  layers 
s tu d ie d .)  C onsulting T ab le  I I ,  we can  say  th a t  th e  frequencies o f th e  respective  
b a n d s  ra ised  b y  ir ra d ia tio n  agree ra th e r  well. H ow ever, in  th e  ra n g e  o f the  
v e r y  s tro n g  and /o r com plex  b ro a d  b an d  system s, one can  h a rd ly  id e n tify  th e  
n ew  b a n d s . T herefore we tr ie d  to  consider th e  d ifference sp e c tra  hoping  
t h a t  th e  difference sp e c tru m  w ould  be id e n tic a l o r a lm ost s im ila r to  th a t  
o f  th e  p u re  p h o to p ro d u c t(s). T he d ifference sp ec tru m  w as co m p u ted  in  each 
ca se , a n d  a good ag reem en t could  be s ta te d  in  th e  b an d  p o sitions. T h e  d iffer
en ce  sp ec tru m  for F ace  IV  ( irrad ia tio n  tim e  6 m in .) is show n in  F ig . 3 and 
th e  frequencies of th e  p e a k s  are collected  in th e  f if th  co lum n o f T ab le  I I .

W e can see t h a t  th e  d ifference sp ec tru m  co n ta in s  all th e  frequencies 
w e co u ld  read  from  th e  o rig in a l sp ec tra  o b ta in ed  a fte r  ir ra d ia tio n . T here  are 
s e v e ra l add itional b an d s , ev en  in  th e  frequency  regions w here we could no t 
s e p a ra te  th a t  new b an d s . W e h av e  to  m en tion , how ever, t h a t  th e re  are  some 
r isk s  o f  draw ing fa r-go ing  conclusions from  th e  difference sp ec tra .

(i) The draw ing o f  th e  base lines is r a th e r  u n c e rta in  even in  th e  case of 
c o m p le x  b and  system s.

(ii) I f  the  s tru c tu re  o f  th e  lay e r (c ry s ta llin ity , m orpho logy , o rien ta tio n ) 
is  he terogeneous, th e  p h o to ch em ica l reac tio n  m a y  p refer th e  one or th e  o ther 
k in d  o f  these  s tru c tu re s  [8]. T h u s, th e  sp ec tru m  o f th e  sam ple  m a y  be a su p er
p o s itio n  of th e  sp ec tra  o f  th e  p ro d u c t and  th a t  o f  d iffe ren tly  s tru c tu re d  regions 
o f  u ra c il  m onom er, w here  th e  degree of o rd erin g  m ay  depend  on the  course 
o f  th e  reaction . T here fo re , we can n o t be sure a t  all t h a t  th e  fa c to r  used in

Fig. 3. D ifference spectrum  for Face IV (irradiation tim e =  6 m in.)
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su b s tra c tio n , w hich  h as  been  e s tim a ted  fo r th e  1417 or 1238 c m -1  bands, 
w ill be va lid  for a ll th e  o th e r  h an d s , too .

T ak in g  th e  a b o v e  considera tions in to  acco u n t, som e o f th e  difference 
b an d s  can n o t be assig n ed  w ith  c e r ta in ty  to  th e  p h o to p ro d u c ts . T hose fre
quencies w hich are  m a rk e d  b y  asterisks in  th e  f if th  co lum n o f T ab le  I I  coincide

Table II

Vibrational frequencies o f  different irradiated layers and those o f the difference spectrum

F ace I F a c e  I I F ace  I I I F ace  IV
D iffe ren ce
sp e c tru m

3300 sh 3300 sh 3300 m 3305 w
3350 sh 
3300 in

1685 sh 1686 sh 1690 sh 1692 s

3220 m  
3195 m/w* 
3120 w  
3095 m /w  
2990 w* 
2930 w* 
2895 w* 
2855 w* 
1770 sh 
1719 sh* 
1690 m

1530 -1 5 0 0  w, b 
1490 w 1485 vw 1485 w 1478 w

1663 sh* 
1635 vw

1480 m
1462 w 1460 w 1460 w 1460 w

1380 sh 1385 vw 1385 w 1385 vw

1417 w* 
1400 sh* 
1383 w

1300 sh 1295 sh
1368 sh 
1300 sh

1365 vw  
1297 sh

1368 w  
1295 sh

1280 m 1282 m/w 1285 m/w 1282 m 1277 m
1260 sh 1267 sh 1260 vw 1256 vw 1250 w

1170 m/w 1167 m/w 1168 m/w 1160 w

1243 sh* 
1230 vw  
1163 m /w

1157 sh 1155 sh 1155 sh 1151 sh 1148 sh

1116 sh 1115 sh 1115 w
1140 sh 
1110 w

690 vw  

500 m 500 w

680 vw , b 

500 w

684 vw  

498 w

860 vw*  
840 sh 
820 w* 
810 sh* 
795 w* 
772 sh 
755 w*

605 sh 
535 w* 
500 w

427 sh 422 vw 425 vw 425 m /w

* U racil b and?
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w ith  freq u en c ies  th a t  occur in  th e  sp ec tru m  of p u re  u ra c il to o . T hus th e y  m ay  
a rise  f ro m  u racil in  consequence  o f  th e  erro r in  th e  su b s tra c tio n  p rocedure . 
T h e  freq u en c ies  of th e  tw o  p ro d u c t  bands found  b y  W a it  et al. [11] a p p ro x i
m a te ly  coincide w ith  tw o  o f o u r  p ro d u c t bands (T ab le  I I ) .

I n  o rd e r to  id en tify  th e  p h o to p ro d u c ts , we co n sid e red  th e  fo u r possible 
s te re o iso m e rs  of p y rim id in e -cy c lo b u tan e  d im ers [15, 16] an d  co m p ared  our 
s p e c tr a  o f  irrad ia ted  lay e rs  (F ig . 3, Table I I )  w ith  in f ra re d  sp e c tra  of th e  
p u re  c ry s ta llin e  p h o to d im ers  re c e n tly  pub lished  b y  V a r g h e s e  [17] and  
J e n n i n g s  [18] et al. A lth o u g h  o u r  sp ec tra  show  few er b an d s  th a n  th o se  of 
th e  c ry s ta ll in e  dim ers th e re  a re  som e ch a rac te ris tic  b a n d s  th a t  allow  a p p ro x i
m a te  assig n m en ts . The s h a rp  b a n d  of th e  p h o to p ro d u c t a t  ab o u t 3300 c m -1  
(F ig . 3 , T ab le  II)  does n o t a p p e a r  in  th e  sp ec tra  o f th e  d iffe ren t c ry sta llin e

HN CO

H H

ci.s-syn I r a n s - s y n

O C  XH

F ig . 4. Structure of uracil dimers
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isom ers ex cep t in  th a t  o f th e  cis-syn  one (b o th  a  a n d  ß  m odifications). O n th e  
o th e r h a n d , th e re  is a sh a rp  an d  s tro n g  h a n d  a t  a b o u t 500 c m -1 , w h ic h  is 
c h a ra c te r is tic  for th e  sp ec tru m  o f th e  e is -an ti iso m er (F ig . 4). In  g en era l, th e  
o th e r  reg ions of our sp ec tra  su ffic ien tly  s u p p o r t th is  k in d  of p ro d u c t co m p o 
sition  an d  th e re  is no b an d  co n trad ic tin g  i t .  O f cou rse , we can exclude n e ith e r  
th e  o ccu rrence  of th e  o th e r ism ers ( trans-syn  a n d  tra n s-a n ti)  nor o th e r  ty p e s  
o f p h o to a d d itio n  p ro d u c ts  in  sm all q u a n titie s . O u r re su lts , how ever, a re  c le a rly  
c o n tra d ic tin g  th e  suggestion  o f W ait  et al. [11] t h a t  loosely coupled  species 
o f ill-d e fin ed  g eo m etry  w ere p roduced  in  ir r a d ia te d  u rac il layers.

T he w eak  in te n s ity  is n o t th e  on ly  p ro p e r ty  o f  th e  p roduc t s p e c tra  t h a t  
gives rise  to  d ifficu lties in  id en tify in g  th e  p h o to p ro d u c ts . The bands a re  r a th e r  
b ro a d  an d  th e ir  d is to rte d  a sy m m etrica l sh ap e  o fte n  in d ica tes  th a t  th e y  m u s t 
c o n ta in  m ore com ponen ts n o t sp lit. T he b ro a d n e ss  o f th e  bands e x p e c te d  to  
be sh a rp  accord ing  to  th e  p u re  c rysta lline  sp e c tra  o f  th e  pho to -d im ers, c a n  be 
re g a rd ed  as an  ev idence fo r th e  am orphous n a tu re  o f th e  p h o to d im ers  “ in  
s itu” , i.e. th e re  is no ro ta tio n a l sy m m etry  re la tin g  tw o  or more m o lecu les to  
each o th e r , e ith e r. In  sp ite  o f th e  in s ta b ility  o f th e ir  s ta te s , th ey  do n o t b ecom e 
o rdered  in  a few days. T h is p ro b ab ly  m eans t h a t  th e  dim er m olecules a re  
iso la ted  from  each  o th e r or th e y  are fix ed  b y  h y d ro g e n  bonding  in  a d is to rd e d  
s tru c tu re . A fte r  keep ing  th e  sam ples a t a b o u t 40 — 50 °C for some w eeks, th e  
b ro ad  b an d s  o f d im ers show  a q u ite  re m a rk a b le  sh a rp en in g  or even s p li t t in g , 
in d ic a tin g  th a t  th e  d im ers have  c ry sta llized  [8]. T h u s the  su g g estio n  for 
iso la te d  d im ers can  be neg lec ted .

Photoreactivity

T he p h o to re a c tiv ity  o f th e  d iffe ren t lay e rs  w as in v estig a ted  in  tw o  w ays.
1. W e considered  th e  decrease in  th e  in te n s i ty  o f a u racil b a n d  (a t  

1238 c m -1 ) no rm alized  b y  i ts  s ta r tin g  in te n s ity  as a fu n c tio n  of the  ir ra d ia t io n  
tim e . As we see in  F ig . 5, F aces I I ,  I I I  an d  IV  show  sim ilar p h o to re a c tiv ity . 
H ow ever, u rac il of F ace  I  decreases as l i t t le  as 2 5 %  during  ir ra d ia tio n  for 
130 m in ., i.e. i ts  re a c tiv ity  seem s to  be a b o u t one h u n d re d th  of th a t  o f  F aces  
I I  IV . F ace  I  is a lay e r o f long-range o rd e r, w ith  w ell developed c ry s ta ll i te s  
an d  th u s  it  show s a v e ry  h igh lig h t sc a tte r in g , w hich  m ay cause a loss of 
one o r tw o  o rders of m ag n itu d e  in  th e  dose o f  ir ra d ia tio n . T ak ing  a lso  in to  
acco u n t th e  h igh se lf-abso rp tion  of th ick  lay e rs , th e  g rea t difference in  p h o to 
conversion  c an n o t be a t tr ib u te d  to  th e  d ifferences betw een  sh o rt-ran g e  an d  
long -range o rdered  s tru c tu re s  alone.

2. W e m easu red  th e  increase  of a p ro d u c t b a n d  as well (a t 1160 c m “ 1). 
W e fo u n d  th e  p h o to re a c tiv ity  e s tim a ted  in  th is  w ay  to  be in acco rdance  w ith  
th e  re su lts  described  above.
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F ig . 5 . R ela tive  increase o f  the num ber of converted uracil molecules as a fun ction  o f irradia
tion  tim e

W e exam ined  th e  re la tio n  betw een  th e  norm alized  in te n s i ty  decrease  
o f  th e  1238 c m -1 u ra c il  b a n d ,

1 J1238

a n d  th e  norm alized  in te n s i ty  of th e  1260 cm  1 “ p ro d u c t”  b an d

•^1100

£ 0 
1238

T h e  re la tio n  betw een  th e se  q u a n titie s , as c a n  be  seen in Fig. 6, is lin e a r , how 
e v e r , w h a t is qu ite  su rp ris in g ; th e  slope o f  th e  line is ab o u t 0 .25, in s te a d  of
0.5 w h ic h  was ex p ec ted  in  a f irs t a p p ro x im a tio n  (the  p ro d u c t is su p p o sed  to  
he  fo rm e d  by  th e  a d d itio n  o f tw o u racils). T h is  m eans th a t  a 2 -fo ld  decrease 
o f  u ra c il  produces o n ly  a 1/4 increase o f  th e  p ro d u c ts  assigned to  th e  1160 
c m -1  b a n d .

F ig . 6. Increase of norm alized in tensity  of the “ product”  band at 1160 cm -1  versus d ecay  of
the uracil m olecules
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T here are  m an y  possib ilities to  in te rp re t  th e  above p h e n o m e n o n . To 
m e n tio n  th e  m o st p lausib le  one, v a rio u s  k in d s  o f  p h o to p ro d u c ts  m a y  s im u lta 
n eo u s ly  be fo rm ed , b u t  only  one o f  th e m  belongs to  th e  v ib ra tio n a l b a n d  a t 
1160 c m -1 .

A n o th e r v e ry  reasonab le  e x p la n a tio n  fo r  th e  above p h en o m en o n  m a y  be 
re la te d  to  th e  am o rp h o u s s ta te  o f  d im ers  in  s itu , w hich resu lts  in  v e ry  b road  
a n d  diffuse sp ec tra l b an d s. T hus th e  e s tim a tio n  of th e  very  in c re a se  o f  such 
b a n d s  w ould  req u ire  th e  know ledge o f  th e  in te g ra te d  in ten sities  th ro u g h  th e  
w hole b a n d  in s te a d  of th e  h e ig h t o f  th e  p e a k . B ecause of th e  low  in te n s i ty  
o f  th e  p h o to p ro d u c t sp ec tru m , th e  in te g ra te d  in tensities are  u n fo r tu n a te ly  
n o t  av ailab le .

A sim ilar phenom enon  has b een  o bserved  for th e  b and  sy s tem  a p p e a rin g  
b e tw een  1250 —1300 c m -1  too.

Conclusions

F o r in v es tig a tio n s  of v a p o u r-d e p o s ite d  u ra c il th in  layers b y  tra n sm is s io n  
in f ra re d  spectro scopy , one needs la y e rs  o f a th ick n ess  of 5 — 50 p m . U sing 
C s l w indow s as su b s tra te s , u rac il th in  lay e rs  show  a g rea t v a r ie ty  o f  s tru c 
tu re s . T he layers, f ir s t  o f all, d iffer fro m  each  o th e r  in th e ir  s ta te  o f  c ry s ta l l in 
i ty .  A ltho u g h  a ll arc  well c ry s ta llized , th e  ra n g e  of ordering, th e  o r ie n ta t io n  
an d  m orpho logy  o f th e  m ic ro c ry sta ls  are  r a th e r  d ifferen t. U n ifo rm  lay e rs  
a re  o b ta in ab le  b y  covering  th e  su rface  o f  th e  C sl su b s tra te  w ith  a th in  gold 
c o a tin g  o f ab o u t 20 nm .

T he UV p h o to reac tio n  does n o t  e sse n tia lly  depend  on th e  s t r u c tu r e  of 
th e  la y e r. E x ten s iv e  losses in  lig h t d u e  to  lig h t sc a tte rin g  and se lf-a b so rp tio n  
o ccu r in  th ic k e r ( ~ 5 0  pm ) lay ers . T h e  UV pho tochem ical re a c tio n  m a in ly  
p ro d u ces th e  cis-syn  d im er, b u t th e  fo rm a tio n  o f  th e  eis-an ti s te re o iso m e r is 
n o t  exc luded  e ith e r . P h o to d im ers  in  s itu  a re  occupy ing  d ifferen t a n d  d is to r te d  
s ite s  o f  v e ry  low or no sy m m etry . V e ry  slow7 o rd e rin g  for some w eek s leads 
to  th e  c ry s ta lliz a tio n  of p h o to d im ers .

*
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Fractions w ith  narrow m olecular w eight distribution range were prepared from  
originally polydisperse, side-group-m odificated a-poly-L-glutam ic acid derivatives by  
m eans of fractional precipitation. The m olecular w eight distribution and chem ical 
com position of the fractions were investigated . The viscosities o f the fractions were 
com pared, and the average m olecular w eight o f  som e fractions was determ ined by ligh t  
scattering m easurem ents.

Biological investigations show ed th at a ctiv ity  was greatly influenced by the  
m acrom olecular properties of the fractions.

Som e years ago we rep o rted  th e  p re p a ra tio n  of several ty p e s  o f side- 
g ro u p -m o d ified  a-po ly -L -g lu tam ic ac id  d e riv a tiv e s  [1, 2]. These po ly m ers  h a d  
d iffe re n t biological av tic ities  [3 — 6 ]; re c e n tly  th e y  w ere in v e s tig a te d  as e n 
h an ce rs  o f poly I  • po ly  C -induced v ira l re s is tan ce  [7, 8]. I t  could  he seen from  
th e  re su lts  o f these  in v estig a tio n s t h a t  th e  po ly  I  • po ly  C p o te n tia tin g  a c tiv itie s  
o f  o u r po lym eric  com pounds w ere h ig h ly  in flu en ced  by  th e ir  m acro m o lecu lar 
p a ra m e te rs  [9] (e.g. v iscosity , th e  re a c tio n  co n d itions of th e ir  p re p a ra tio n ,
etc.).  T herefo re , it  seem ed reasonab le  to  p re p a re  a group  of com pounds closely  
re la te d  in  th e ir  chem ical com position , a n d  d iffering  on ly  in  th e ir  m acro m o lec 
u la r  p ro p ertie s , such  as th e  av e rag e  m o lecu la r w eigh t, m o lecu la r w eig h t 
d is tr ib u tio n , etc.

T h e s ta r tin g  m a te ria l w as a -p o ly -L -g lu tam ic  acid y -(2 -d im eth y lam in o - 
e th y l)  am ide  (III). I t  w as p rep a red  from  a-poly -L -g lu tam ic  acid y -a lk y l-es te rs
(I) b y  m eans of side group m o d ifica tio n  w ith  2 -d im eth y lam in o e th y lam in e
(П) [1].

+  P art II: see Ref. [2]
P art I: see Ref. [I J

* To whom  correspondence should be addressed
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-N H — CH— CO- -XH  —CH—CO---------

(CH2)2 (CH2)2
1 H*N(CH.,)SN (C H ,), ICOOK CO—XH

(CH2)2

N(CH:,)2
L J n L J

1 и in

V

H: CH3 or C«HöCH2

As we h av e  show n earlier [1], th e  re su ltin g  com pounds are in  effect 
copo lym ers c o n ta in in g  m ain ly  ca tion ic  y -(2 -d im eth y lam in o e th y l) side g roups:

-NH— CH— C O -
I

( C H 2)2 
CO— XII

I
( ( ' l l *

Х(СНзЬ

-X H — CH —  CO
I

(t i l 2)2 

COOH

NH— CH— CO-

(CH3)2

COOH

I I I

I: \ I ‘ m n

One of th e  m o s t w idespread  m eth o d s o f p re p a rin g  frac tio n s from  a m ac ro 
m olecule w ith  w ide  m olecu lar w eigh t d is tr ib u tio n  is frac tio n a l p re c ip ita tio n
[10]. This m e th o d  seem ed su itab le  to  o b ta in  sev era l series w ith  sy s te m a tic a lly  
a lte rn a tin g  m acro m o lecu la r p ro p ertie s .

F irs t we p re p a re d  tw o sam ples (“ M ”  a n d  “ B ” ) o f th e  above co m p o u n d , 
d iffering  from  each  o th e r  in  th e ir  av e rag e  m o lecu la r w eight and  each  h av in g  
q u ite  a w ide m o lecu la r w eight d is tr ib u tio n  (see F igs. 1 an d  2, d o tte d  lines). 
(T he m eth o d  o f side group m o d ifica tio n  w as described  in  ou r ea rlie r p ap ers  
[1, 2]. One o f  th e  s ta r tin g  p o lym ers w as p o ly -y -m eth y l-L -g lu tam ate  w ith  
M  84500 an d  th e  o th e r  po ly -y -b en zy l-L -g lu tam ate  w ith  M  365000.)

F o r conv en ien ce , th e  h y d ro ch lo rid e  s a lts  w ere p rep a red  from  th ese  po ly- 
basic  m a te ria ls . P re lim in a ry  a n a ly tic a l ex p e rim en ts  show ed th a t  th e  so called  
“ reverse m e th o d ”  (see E x p e rim en ta l)  o f  f ra c tio n a l p rec ip ita tio n , u sing  m e th a 
n o l as so lven t a n d  i-b u ta n o l as p re c ip ita n t, w as a prom ising  p rocedure  to  o b ta in  
frac tio n s  w ith  q u ite  n a rro w  m olecu lar w eig h t d is tr ib u tio n . (Cf.  F igs. 1 an d  2.)
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U sing  th is  m e th o d , we iso la ted  fiv e  f ra c tio n s  (Мг—M5) from  th e  m a c ro 
m olecule “ M” (h av in g  low er average M )  a n d  fo u r  frac tions from  t h a t  o f 
“ B ”  (h av in g  h ig h er av erag e  M ).

T h e b es t w ay  o f con tro lling  th e  f ra c t io n a tio n  process and  to  ch eck  th e  
re su lt o f  f ra c tio n a tio n  is gel pe rm ea tio n  c h ro m a to g ra p h y  (GPC). T h u s  a  G PC  
m eth o d  w as developed  fo r th is  p u rpose . ( In  v ie w  o f th e  know n d iff icu ltie s

Fig. 1. G P chrom atogram  o f “M” and the fractions iso lated  from  it. The values were
V F V

calculated as follows: K av — ——------ — - , where Vp is the e lu tion  volum e of the fraction; V0 is
r  t — V 0

the “outer volum e” of the colum n ( i.e. the volum e am ong the gel grains); V\ is the to ta l vo lum e  
o f the colum n including the pores o f  the gel; A  absorbance at 210 nm

in  th e  G PC o f p o ly e lec tro ly tes , our m e th o d  m a y  a lso  be o f in te re s t in  a  w id e r  
circle o f  app lica tio n .)

T he ch ro m ato g ram s show  th a t  f ra c tio n a tio n  w as  successful; th e  o b ta in e d  
frac tio n s h a d  m uch n a rro w e r m olecular w eig h t d is tr ib u tio n  th a n  th e  s ta r t in g  
m ateria l.

T he “ vo lum etric  d iv isional q u o tie n t”  ( K av) w as determ ined  from  th e  
ch ro m ato g ram s (T able I) . T h is value is c h a ra c te r is tic  o f  th e  volum e o ccu p ied  
b y  th e  m acrom olecu le  in  th e  GPC so lven t. To s tu d y  th e  re la tionsh ip  o f  th e  
average m o lecu la r w eigh ts o f th e  frac tio n s re la te d  to  each  o ther, th e ir  re d u c e d

3 A c ta  Chim. Acad. Sei. Ilung. 106, 1981



34 GÁCS et al.: SYNTHESIS OF PROTEIN MODEL COMPOUNDS

0.7 0.6 0.5 0.4 0.3 0.2 0.1 V0 VE

Fig. 2. GP chrom atogram  of “ B ” and th e  fractions isolated from  it

sp ec ific  v iscosities w ere m easu red . As can  be  seen from  th e  re su lts  su m m arized  
in  T a b le  I ,  in  ag reem en t w ith  our e x p e c ta tio n s , th e  ten d en c ies  o f  th e  K av

a n d  values are  sim ilar. 
c

Table I

Characteristics o f  the fractions determined in  0.1 N  HC1 at a concentration o f  0.3%

Chem ical sy m b o l
W eight,

g * a v
^вр

C
M l s

Starting  polym er M poly-DM AG91 Glu5 Glu(5)OCH* 10.0 0.425 0.58 —

F raction Mi poly-DM AG84 Glu6 Glu(5)OCHJ° 1.9 0.263 0.89 200000

F raction M2 poly-DM AG87 G lu10 MG3 1.7 0.325 0.62 105000

F raction M3 poly-DM AG82 Glu11 MG7 1.3 0.415 0.43 —

F raction M4 poly-DM AG86 Glu14 1.4 0.500 0.30 23700

F raction M5 poly-DM AG90 Glu4 MG6 1.9 0.600 0.19 19500

Starting  polym er в poly-DM AG97 Glu3 2.7 0.200 1.76 -

F raction Bl poly-DM AG94 Glu6 0.8 0.175 2.29 218000

F raction B 2 poly-DM AG95 Glu5 0.5 0.250 2.09 —

F raction B 3 poly-DM AG94 Glu6 1.1 0.375 0.89 —

F raction B4 poly-DM AG97 Glu3 0.2 0.475 0.80 —
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O u r fu r th e r  aim  w as to  o b ta in  n u m e ric a l d a ta  ab o u t th e  av e rag e  m o lec
u la r  w eigh ts o f th e  frac tio n s . T he w e ig h t-a v e rag e  m olecular w e ig h t o f  fiv e  
o f th em  w as d e te rm in ed  u sin g  th e  lig h t s c a t te r in g  m ethod.

A  c o m p u te r  p ro g ram  w as c o n s tru c te d  to  e v a lu a te  th e  re su lts , to  d raw  
th e  Z imm  d iag ram s an d  to  ca lcu la te  th e  M w v a lu e s . I t  is a p p a re n t f ro m  th e  
d a ta  o f T ab le  I  th a t  th e ir  te n d e n c y  is s im ila r to  t h a t  o f th e  tw o o th e r c h a ra c te r 

istics, a n d  K av, o f th e  m acrom olecules. 
c

In  th e  second co lum n of T ab le  I  th e  sy m b o ls  o f th e  frac tions in d ic a tin g  
th e ir  chem ical com position  are  show n. I t  can  b e  seen  from  th e  d a ta  t h a t  th e re  
are no s ig n if ican t d ifferences b e tw een  th e  ch em ica l com positions o f th e  m a c ro 
m olecules, i.e. th e  fra c tio n a tio n  to o k  p lace so le ly  according to  th e ir  av e rag e  
m olecu lar w eigh ts.

T he b io logical a c tiv ity  o f th e  frac tio n s  w as  assay ed  by  I. MÉCS ( I n s t i tu te  
of M icrobiology of th e  M edical School of S zeged). T h e  resu lts  are su m m a riz e d  
in  T able I I .  E v e n  th ese  p re lim in a ry  e x p e rim e n ts  have d e m o n s tra te d  t h a t

Table II

M inim al protective dose of p o ly  I  ■ po ly  C

(Mg/“ D)

DEA E-dextran 4.50

M, 1.12

M2 0.06

M3 to x ic
M4 0.28

Bl to x ic

в , tox ic

B 3 1.12

B. 0.56

Biological a ctiv ity  o f the fractions. The minimal protective dose of poly I • po ly  C was 
determined in L 929 cells challenged by VSV (vesicular stom atitis virus). The polycations were 
used in 25 /tg/m L concentration.

som e o f th e  fra c tio n s  e ffic ien tly  p o te n tia te  th e  in te rfe ro n -in d u cin g  e ffec t o f  
po ly  I  • p o ly  C. A ll o f th e m  are  m ore effective t h a n  th e  know n D E A E -d e x tra n . 
F ro m  th e  g re a t d ifferences b e tw een  th e  a c tiv it ie s  o f  th e  several f ra c tio n s  i t  
is ev id en t t h a t  th e  m acrom olecu lar p ro p e rtie s  o f  th e  po lycations p ro fo u n d ly  
in fluence th e ir  bio logical a c tiv ity .

3* Acta Chim. Acad. Sei. H ung. 106, 1981
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E xperim en ta l
P reparation  of the fractions

10 g from the m acrom olecule “ M” and 2.7 g from  th a t o f “ B ” were fractionated . The 
process w as the same in b o th  cases. A 7% aqueous so lu tio n  was prepared from  th e  polyb asic  
m ater ia l, and its pH  was th en  adjusted  to 6 w ith  6 N  HC1. The solution was lio p h y lized  and 
th e  ob ta ined  hydrochloride sa lt  w as used as the startin g  m aterial of the fractionation .

A  2% m ethanolic so lu tion  was prepared from  th e  polym er, followed b y  th e  drop wise 
a d d itio n  o f t-butanol until tu rb id ity  appeared. Som e m eth ano l was added to  o b ta in  a clear 
so lu tio n , and then dried air w as pum ped throught i t  u n til a m ilk-like opaque so lu tion  resulted. 
T w o m L  o f this m ixture w as centrifuged a t 6000 r.p .m . for 10 —15 min and the op tica l activ ities  
o f  th e  supernatant and th e  m ethanolic  solution o f  th e  precip itate were m easured. F rom  these  
m easurem ents the ratio b etw een  the materials in  th e  tw o  phases was calculated . T he whole 
so lu tio n  w as then warm ed to  40 °C — at this tem perature th e  solution cleared up — and cooled  
a g a in  to  room tem perature. T h e, now turbid, so lu tion  w as centrifuged in a c losed  tu b e  at  
3500  r .p .m . for l h a t 20 °C. T he supernatant was decanted  and this served as th e  startin g  solu
tio n  o f  th e  preparation o f the n e x t  fraction. The precip ita te  in  the tube was d issolved  in  m eth a
n o l, th e  solvent was evaporated and the polym er liop hylized .

GPC o f the fractions

A  Sepharose 6B -packed 2 .6 x 6 0  cm colum n prepared in 0.06M  diethanolam ine/0.334  
NaCI buffer solution (pH  8.9) w as used for GPC o f  th e  fractions. A 0.2% solution  o f  2 —3 mg 
p o ly m er  was prepared w ith  th e  above eluent. The flow -rate  was 8 mL/h. The absorbance of 
th e  post-colum n flow was m easured at 210 nm , in  5-m L  fractions.

L ight-scattering m easurem ents

Light-scattering m easurem ents were perform ed in  0.1 —1.0% m ethanolic so lutions o f  
th e  fractions. The solutions w ere filtered under pressure on an FH LP 047000 te flo n  filter. 
L ig h t scattering was m easured from  45° to 135° on 5° increm ents. The dra/dc q u o tien t was 
determ ined  by a differential refractom eter. The m easurem ents were evaluated according to 
Z im m  [11], by means o f a com puter programme constru cted  b y  Gy. P in t é r . The linear iteration  
o f  th e  curves o f the Z imm  diagram  proved to be sa tisfa c to ry  w ith  a significancy lev e l o f  0.987. 
T he average standard d ev ia tion  o f the Z imm plot w as less than 1%.

The authors’ thanks are due to Mr. Gy. I n z e l t  for his kind help in the lig h t scattering  
m easurem ents. To Mrs. M. K otroczó we are in d eb ted  for valuable technical assistance.
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STUDIES RELATED TO THE SYNTHESIS OF 
MORPHINE, II*

CO NVERSION OF Oe-D E M E T H Y L SA L U T A R ID IN E  INTO  SA L U T A R ID IN E  
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( Institu te o f  Organic Chemistry, Kossuth L ajos U n iversity , Debrecen) 
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In the b iosynthesis and biom im etic total syn thesis o f  morphine, salutaridine 
is one of the k ey  com pounds being convertible in to  th e  baine. A very sim ple, clearly  
arranged and efficient m eth o d  has been developed for th e  preparation o f salutaridine  
(II)  starting from Oe-dem ethylsalutarid ine (I): th e  reaction  path  consisting o f  steps 
1 2 3 4 gives I I  from  I  in 65.5% yield.

In  th e  b io sy n th esis  o f  m orph ine  alkalo ids [1] an  im p o r ta n t in te rm e d ia te  
is sa lu ta rid in e  (3 ,6 -d im eth o x y -4 -h y d ro x y -7 -o x o -1 7 -m eth y l-5 ,6 ,8 ,1 4 -te trah y d ro - 
m o rp h in an ; R -4 -h y d ro x y -3 ,6 -d im e th o x y m o rp h in an -d ien o n e , II) . I t  can  be 
co n v erted  in to  th e  b a in e  ch em ica lly , too  [2, 3], hen ce  i t  can  be reg a rd ed  as a 
k ey  com pound  in  b io m im e tic  m orphine sy n th eses .* *  A ccordingly , sev era l 
p rocedures h av e  been  d ev e lo p ed  fo r its  p re p a ra tio n  [2, 4 , 5, 6, 7, 8, 9]. Som e 
o f th e se  syn theses are  less im p o r ta n t  from  th e  p re p a ra t iv e  p o in t of v iew , since 
th e  y ields are  low , as th e  m e th o d s  were dev e lo p ed  fo r s tru c tu re  c o n firm a tio n  
[4], or fo r v e rifica tio n  o f th e  biochem ical re a c tio n  p a th  s ta r tin g  from  re tic u - 
line, or fo r th e  s im u la tio n  o f  th is  ro u te  in  vitro an d  chem ically  [5, 6, 7].

F o r th e  p re p a ra tio n  o f  considerab le a m o u n ts  o f sa lu ta rid in e  (II) th o se  
p rocedures can  he co n sid e red  w hich s ta r t  from  co m p o u n d s o b ta in ab le  from  
th e b a in e  [2, 8, 9]. T he re a c tio n  p a th  suggested  b y  R earick  an d  Gates [9] 
is o u ts ta n d in g  in  s im p lic ity :* * *  Oc-d e m e th y lsa lu ta rid in e  (I), o b ta in ab le  from  
th e b a in e  d irec tly  [10] or in  severa l steps [9, 11, 12], y ie lds I I  in  27%  y ie ld  
w hen  t r e a te d  w ith  a b o u t 8 m oles of d ia z o m e th an e  in  m ethano lic  so lu tio n . 
T he low  y ie ld  is due to  th e  fa c ts  th a t  I  rem ain s p a r t ly  un ch an g ed  d u rin g  th e  
reac tio n  an d  a b y -p ro d u c t, Oe-m e th y lsa lu ta rid in e  (VIHb) is also fo rm ed .

* W e consider as P art I . :  P. K e r e k e s , S. M a k k é it , R. B o g n á r : Acta Chim. Acad. 
Sei. H ung., 98, 491 (1978).

** A process, well realizable also on industrial scale, w as developed for the conversion  
o f thebaine into  codeine (S. M a k x e it , et al.: Hung. P a t., date o f application April, 1978) 

*** The authors’ thanks are due to Prof. M. Ga tes  for m aking available the experim ental 
parameters
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T h e aim  of th e  p r e s e n t  w ork  was th e  d ev e lo p m en t of a sim ple an d  effi
c ie n t  syn thesis fo r s a lu ta r id in e .

T he e lim ina tion  o f  th e  side reac tio n  I  —>- V ll lb  seem ed to  he sim ple, 
b y  m ean s of reversib le  b lo ck in g  of th e  C-4 p h en o lic  h y d ro x y l g roup , e.g., b y  
e s te rif ic a tio n .

H ow ever, a cc o rd in g  to  our ex p erim en ts , w h en  th e  W elsh  m e th o d  [13], 
w ell app licab le  in  th e  a c e ty la t io n  of m o rp h in e  a lk a lo id s  ca rry in g  a C-3 phenolic 
h y d ro x y l group, t h a t  is , t r e a tm e n t  w ith  ace tic  a n h y d rid e  in  aqueous N a H C 0 3 
w as em ployed, 0 6-d e m e th y lsa lu ta r id in e (I)  y ie ld ed  0 - 4’6-d iace ty l-(III)  and 0 6- 
a c e ty l-  Oe-d em e th y lsa lu ta rid in e (V Ia ).

W hen  I  was t r e a te d  w ith  acety l ch lo rid e  in  th e  presence o f p y rid in e  in  
d ich lo ro m eth an e , o n ly  th e  0 6-ace ty l d e riv a tiv e  (V ia) w as o b ta in ed . U n d er th e  
sa m e  reaction  co n d itio n s , Oe-benzoyl-O e-d e m e th y lsa lu ta r id in e  (VIb) and  0 6- 
to sy l-O e-d e m e th y lsa lu ta r id in e  (Vic) w ere also  p rep a red .

T he desired re s u lt  w a s  fin a lly  ach ieved , in  a  ro u n d a b o u t w ay : 0 4,G-dia- 
c e ty l-0 ° -d e m e th y ls a lu ta r id in e  (III) p rep a red  w ith  acetic  a n h y d rid e  in  p y rid ine  
a n d  iso la ted  as a so lv a te  in  75%  yield can  b e  p a r t ia l ly  d e a c e ty la te d  in  99%  
y ie ld  b y  tre a tm e n t w ith  e th a n o lic  d ie th y lam in e  to  give 0 4-a c e ty l-0 8-dem ethy l- 
s a lu ta r id in e  (IV).

S aponification  c o u ld  also be carried  o u t in  d ry  m e th an o l w ith  d ie th y l
a m in e  (yield 65.8% ) a n d  w ith  sodium  m e th o x id e  (57 .2% ).

C om pound IV  o b ta in e d  in  th is  w ay  w as a lk y la te d  w ith  3 m oles of diazo- 
m c th a n e  in ch lo ro fo rm -m e th an o l m ix tu re  to  o b ta in  0 4-ace ty lsa lu ta rid in e  (V)
[2 ]. T h is was th e n  s u b je c te d  to  alkaline h y d ro ly s is  to  give I I  in  65 .5%  y ield  
c a lc u la te d  for I.

M ethy la tion  o f V ia  w ith  d iazom ethane  re su lte d  in  0 4-m e th y l-0 6-acety l- 
Oe-d e m e th y lsa lu ta rid in e  (V II) w hich on h y d ro ly s is  gave an  isom er of II , 
O4-m e th y l-0 G-d e m e th y lsa lu ta r id in e  (V illa ) , a co m p o u n d  n o t re p o rte d  in  th e  
l i te r a tu r e  heterofore .

E xperim en ta l

M .p.’s were determ ined  on a Koffler hot stage and  are uncorrected. Specific rotation  
v a lu es  were measured w ith  a B en d ix  N PL 143 D  autom atic  polarim éter in chloroform (C) or 
eth a n o l (A) solutions (e =  0.5; l — 0.2004 dm). ‘H -N M K  spectra were recorded w ith  a JEO L  
M inim ar 100 MHz instrum ent in  CDC13 (TMS internal standard). The purity  o f the substances 
w as checked by TLC on M erck K ieselgel 60 Uj54 layer (DC-Alufolien) using chloroform: ace
to n e  : diethylam ine ( 5 : 4 : 1 )  developing m ixture; th e  detecting agent w as Dragendorff 
reagent.

0 6-Dem ethylsalutaridine (I )

This was prepared from  th e  baine, by the m eth od  described by B je l d a n e s  and R a po - 
p o r t  [10], in 64% y ield . M .p. 1 8 4 -1 8 6  °C, [a ]D +  125° (C) (lit. [10] m .p. 1 8 4 - 1 8 6  °C; 
[a ]D +  130° (c =  1.06; C)).

NMR: <5 7.52 (1H , s, H 5); 6.14 (1H , s, H8); 3.74 (3 H , s, 0 3- C H 3); 2.36 (3H , s, N - C H 3).
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О1’6- Diacetyl-O r’-dem ethylsalutaridinc (П1)

Compound I (6.267 g; 20 m m oles) was dissolved in  a m ixture o f anhydrous pyridine 
(60 m L) and acetic anhydride (15 mL). The solution was allow ed to stand at room  temperature 
for 20 h then it  was evaporated to dryness in vacuum . The syrupy residue w as dissolved in 
ice-w ater (100 m L) and 10% N a I lC 0 3 solution was added to it until fizzing ended. After 
extraction  w ith  ethyl acetate  (4 X 50 m L), the extract w as washed W'ith saturated  NaCl solu
tion, dried (M gS04) and evaporated to dryness. The residue was clarified in h ot carbon tetra
chloride filtered and crystallized to obtain 8.25 g; (74.83% ) of III, m .p. 8 2 -  84 °C, [a][? 
+  118.8° (C).

C22H 28N 0 6 • CC14 (551.234). Calcd. C 50.11; H 4.20; N  2.54; Ac 15.62. Found C 50.23; 
H 4.26; N  2.26; Ac 15.41% .

NM R: 8 7.56 (1H , s, H 6); 6.30 (1H , s, H 8); 3.76 (3H , s, 0 3- C H 3); 2.41 (3H , s, N - C H 3); 
2.36 (3H , s) and 2.26 (3H , s) (O4-  and 0 6- C O - C H 3).

0 4-A cety l-0 G-deinethylsalutaridine (IV)

Compound 1II.CC14 (8.25 g; 14.97 m m oles) was dissolved in anhydrous ethanol (70 mL). 
D iethylam ine (4 m L) was added to the solution and it w as stirred at room tem perature for 
6 h. The reaction m ixture containing crystals was evaporated to about 20 m L  in vacuum . 
F iltration , washing w ith  ether and hexane, and drying gave 5.57 g (99.67% ) o f  the product, 
m.p. 180 - 182’°C, [a]b4 + 1 5 8 .8 °  (C).

C20H 21NO5 • H ,0  (373.392). Calcd. C 64.33; H 6.21; N  3.75; Ac 11.53. F ound  C 64.17; 
H 6.21; N  3.18; Ac 11.73% .

NM R: 8 7.13 (Ш , s, H 5); 6.37 (1H , s, H8); 3.78 (3H , s, 0 3- C H 3); 2.43 (3H , s) and 
2.41 (3H , s) (N  CH3 and O4 C O -C H 3).

0 4-Acetylsalutari<line (V )

Compound IV (5.57 g; 14.91 m m oles) was d issolved in a 1 : 1 CHC13 : M eOH m ixture 
(100 m L), the solution was cooled to 0 °C, stirred w ith  a m agnetic stirrer and about 3 equiva
lents o f  ethereal diazom ethane solution was added to it  in  one portion. The solution  was stirred 
at 0 — 5 °C for 35 m in, and after the addition of acetic acid (0.5 mL) it  was stirred at room  
tem perature for further 30 m in. The reaction m ixture was filtered on silicagel (5 g), washed  
w ith chloroform  (30 m L), and evaporated. The yellow , syrupy, slow ly crystallizing residue 
was rubbed w ith  hot ether (40 m L) and filtered off to obtain  5.02 g (91.1% ) of V, m.p. 169 — 
170 °C, [<х]Ь5 + 1 5 0 .3 °  (C); + 1 2 4 °  (A). (L it. [2] m.p. 171 °C; [a]D + 1 2 0 °  (c =  1.26, A)).

NM R: 8 6.91 (1H , s, H 5); 6.32 (1H , s, H8); 3.79 (3H , s) and 3.76 (3H , s) (O3 and
Oe —CH3); 2.42 (3H , s) and 2.40 (3H , s) ( N - C H 3 and 0 4- C 0 - C H 3).

Salutaridinc (II) [2]

0 4-A cetylsalutaridine (V) (5.0 g; 13.5 m m oles) w as dissolved in a m ixture of ethanol 
(70 mL), and 10% N aO H  (25 m L), and the reaction m ixture was allow ed to stand  overnight 
at room  tem perature. After d iluting w ith  water (50 mL), the ethanol was evaporated in  vacuum , 
the alkaline solution w as extracted  w ith  ether (50 m L) and then saturated w ith  C 02 gas. 
The crystalline product was w ashed w ith  water and dried. According to TLC it  w as chroma- 
tographically pure II (3.79 g), m .p. 192 194 °C.

T he m other liquor was extracted  w ith  dichlorom ethane (3 X 30 m L) and dried (N a2S 0 4). 
Evaporation o f the so lvent and crystallization of the residue from  ethyl acetate gave an addi
tional 0.5 g o f the product.

Y ield: 4.29 g (96.2% ), which is 65.5%  referred to I. [a]jj + 9 1 .5 °  (C); + 1 1 2 °  (A). (Lit. 
[2] m.p. 196 198 °C, [a ]D + 1 1 1 °  (c =  1.69; A); lit. [9] m .p. 1 9 6 -1 9 6 .5  °C).

NM R: <5 7.27 (1H , s, II6); 6.11 (1H , s, H8); 3.80 (3H , s) and 3.66 (3H , s) (O3-  and 
0 « - C H 3); 2.38 (3H , s, N - C H 3).

-  --A cety l-0G-demethylsalutaridine (V ia )

Oe-D em ethylsalutarid ine (I) (6.276 g; 20 m m oles) was dissolved in a m ixture o f anhy
drous dichlorom ethane (60 m L ) and anhydrous pyridine (2.1 m L; about 24 m m oles). The solu
tion  w as cooled to 0 °C and acetyl chloride (1.85 mL, ~ 2 4  m m ole) dissolved in CH2C12 (10 m L) 
was added to it  dropwise, w ith  stirring. The solution was allow ed to stand at 0 °C for 1 h
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and a t room  temperature overn ight, th en  it  was washed w ith  w ater (50 m L) containing NaHCOa 
(3 .8  g ) in  a shaking funnel. A fter  drying (M gS04), the so lution  was evaporated to  dryness. 
T he resid ue was crystallized from  a m ixture of dichlorom ethane and hexane to  obtain 5.72 g 
(80 .4 5 % ) of Via, m.p.: prolonged m elting  from 172 °C; [a]b6 + 1 1 2 °  (C).

C20H 21NO5 (355.376). Calcd. C 67.59; H 5.96; N  3.94; Ac 12.11. Found C 67.54; H  6.12; 
N  3.74- A c 12.08°/.

NM R: 8 8.24 (1H , s, H 5); 6.31 (1H , s, H 8); 3.78 (3H , s, O3 OCH3); 2.41 (3H , s, N - C H 3); 
2.29 (3 H , s, Oe -C O  CH3).

U nder the same reaction conditions, but when using benzoyl chloride as the acylating  
a g en t, I  was converted into Oe-b en zo y l-0 6-dem ethylsalutaridine (Vlh) in 64.1%  yield , m.p. 
194 -1 9 5  °C (from EtOAc hexane); [a]f> —{-95° (C).

N M R  <5 7.97 (1H , s, H5).
0 G-T osyl-06-dem ethylsalutarid ine (Vic) was obtained sim ilarly in  77.07%  yield  when 

th e  a cy la tin g  agent was p -to lu en esu lfon y l chloride; m .p. 154 —156 °C (EtO Ac).
NM R: <5 7.98 (1H , s, H 5).

0 1-M eth y l-0 e-a c e ty l-0 8-dem ethylsaiuiarnline (V II)

Compound Via (1.066 g; 3 m m oles) was dissolved in  m ethanol (75 m L), cooled to 
0 °C, stirred w ith a m agnetic stirrer, and about 5 equivalents o f  ethereal diazom ethane solu
tio n  w as added to it. After 50 m in  acetic  acid (0.1 mL) was added by drops and the m ixture 
w as th e n  allowed to stand at room  tem perature for 30 m in and evaporated to dryness in  vacuum . 
T he brow n residue was d issolved in  benzene (100 mL), w ashed w ith  10% N a H C 0 3 solution  
a n d  w ith  water, dried over N a2S 0 4, evaporated to dryness, d issolved in  hot e th y l acetate (40 
m L ) and  clarified w ith carbon. E vap oration  of the so lvent gave non-crystallizing, chrom ato- 
graph ica lly  pure VII (0.913 g; 82 .38% ).

NM R: 8 7.87 (1H , s, H 5); 6 .83 (2H , s, IIX 2); 6.31 (1H , s, H8); 3.83 (3H , s) and 3.81 
(3 H , s) (O3-  and 0 4- C H 3); 2.41 (3H , s, N - C H 3); 2.26 (3H , s, 0 6- C 0 - C H 3).

0 '-M e th y l-0 6-demethylsalutaridme (V illa )

A  solution of the above p rodu ct (VII) (2.47 m m oles) in ethanol (25 m L) was allowed 
to  sta n d  w ith  10% NaO H  so lu tion  (5 m L) at room tem perature overnight. After evaporation  
in  vacu u m , the residue was d ilu ted  w ith  water (50 mL) and  extracted  w ith  ether (30 mL). 
T he aqueous solution was sa tu rated  w ith  C02, extracted w ith  chloroform (3 X 30 m L), filtered  
o n  A120 3, dried (M gS04), then  evaporated  to dryness and crystallized from eth y l acetate to 
o b ta in  0.32 g (40%) of V illa , m .p . 198 —201 °C, [a]b5 + 1 0 8 °  (C). M ixed m.p. w ith  II: 193 °C.

C19H 21N 0 4 (327.366). Calcd. C 69.7; H 6.5; N  4.3. Found C 69.65; H  6.45; N  4.08% .
NM R: 8 7.45 (1H , s, H 5); 6 .83 (2H , s, H12); 6.38 (Ш , s, H 8); 3.88 (3H , s) and 3.84 (3H , 

s) (O 3 -  and 0 J —CH3); 2.43 (3H , s, N  CH3). ’

R E F E R E N C E S ] Щ ]

[1] A rt in Biosynthesis (E d. D a r sh a n  and Su bram a nia  R a n g a n a th a n ) Vol. I , pp. 115—
117. Academic Press, N ew  York, San Francisco, London, 1976

[2] B a r to n , D. H. R., K ir b y , G. W ., Steg lic h , W ., T h om a s , G. M .: J. Chem. Soc., 1965, 2423
[3] S o h á r , P. W ., Sc h o e n e w a l d t , E. F.: Ger. Offen, 25, 18 519 (1976)
[4] K a m e t a n i, Т., I h a ra , M ., F u k u m o t o , K ., Ya g i, H .: J. Chem. Soc., 1969, 2030
[5] B a r to n , D. H. R ., B h a k u n i , D . S., J am es, R., K ir b y , G. W .: J. Chem. Soc. (C), 1967, 128
[6] S ch o e n e w a ld t , E. F ., I h n e n , E. D.: U. S. Pat. 3,785, 927 (1974)
[7] S ch w a rtz , M. A., Ma m i, I . S .: J. Am. Chem. Soc., 97, 1239 (1975)
[8] T a k e d a , M., I n o u e , H ., K u g it a , H.: Tetrahedron, 25, 1839 (1969)
[9] R e a r ic k , D. E ., Ga t e s , М .: Tetrahedron Letters, 1970, 502

[10] B je l d a n e s , L. F., R a p o p o r t , H .: J. Org. Chem., 37, 1453 (1972)
[11] F l e isc h h a c k er , W ., V ie b ö c k , F., Ze id l e r , F.: M onatsh. Chem. 101, 1215 (1970)
[1 2 ] F l e isc h h a c k er , W .: M onatsh . Chem., 102, 643 (1973)
[13] W e l s h , L. H.: J. Am . Chem . Soc., 74, 4967 (1952); J. Org. Chem., 19, 1409 (1954)

G é z a  H orváth 
S á n d o r  Makleit

H -4010  D ebrecen , P .O .B . 20.

A c ta  Chim. Acad. Sei. Hung. 106, 1981



Acta Chimica Academiae Scientiarum Hungaricae, Tomus 106 (1), pp. 43—49 (1981)

THERMOCHEMICAL ASPECTS OF ANION EXCHANGE
REACTIONS, II

EXCHANGE REACTIONS INVOLVING POLYVALENT ORTHOPHOSPHATES 

A. Ma r to n ,1* J .  I n c z é d y ,1 M. H . Abraham , 2 R . J .  I r v in g 2 and  J .  E . Sa l m o n 2

[(' Departm ent o f  A nalytica l Chemistry, U n iversity  o f  Veszprém, Veszprém,
2 Departm ent o f Chem istry, U niversity  o f  Surrey, G uildford, Surrey GU2 5 X H , England)

R eceived January 14, 1980 

A ccepted for publication F ebruary 21, 1980

HPOi”/Cl-  and POf“/Cl_ exchange reactions were studied on D ow ex 1x8  
anion exchange resin at 25 °C at various total norm alities. The therm odynam ic equilib
rium constants, calculated  b y  the Salmon  equation  [3], decrease w ith  increasing ionic 
charge indicating th a t in  this case the B jerrum -type electrostatic ion pairing w ith  
the resin cation cannot be a significant interaction from  the selectiv ity  point o f view .

The standard enthalpies o f ion exchange w ere obtained through calorim etric  
m easurem ents and com bined w ith  the standard free energies to yield the standard entro
pies o f  exchange. These entropy values also show  th a t electrostatic effects are less 
im portant than hydration processes.

In troduction

W e h av e  p rev io u sly  s tu d ied  the H 2P 04~/C1~ an d  O H _/C l_ ex ch an g e  
reac tio n s a n d  have o b ta in e d  th e  th e rm o d y n am ic  p a ra m e te rs , AG°, A H °  a n d  
A S 0 fo r th e  tw o exchange  processes [1]. W e fo u n d  th a t  th e  C l- -form  D ow ex  
1 x 8  resin  show ed l i t t le  a f f in ity  fo r e ith e r O H  -  o r  H 2P O ^ , and  th a t  in  each  case 
th e  u n fav o u rab le  s ta n d a rd  free energy  change re s u lte d  from  a v e ry  u n fav o u rab le  
e n th a lp y  te rm ; th e  e n tro p y  te rm s , a lthough  n o t  v e ry  la rge , w ere fav o u rab le . 
Since th e  ion ic  ch arg e  o f  th e  p h o sp h a te  an io n  c a n  co n v en ien tly  be ch an g ed  
b y  d e p ro to n a tio n , i t  is possib le  to  s tu d y  th e  e ffec t o f  anionic charge on  th e  
th e rm o d y n a m ic  p a ra m e te rs  fo r ion exchange a lo n g  th e  series H 2PO^"/Cl_ , 
H P O ^ /C l-  an d  PO Ü -/C 1-, an d  in  th e  p resen t p a p e r  we re p o rt re su lts  o f  o u r 
equ ilib riu m  an d  ca lo rim e tric  m easurem ents t h a t  y ie ld  these  th e rm o d y n a m ic  
p a ram e te rs .

E xperim ental

The m eth od  o f resin preparation and the details o f  th e  experim ental procedure were 
basically the sam e as described previously [1]. Here on ly  som e additional details relevant to  
the present w ork are given. The H P O |“ form resin w as prepared b y  washing the Cl “ -form

* To w hom  correspondence should be addressed
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resin  w ith  1 m ol d m -3 N a 2H P 0 4 solution  until th e  acid ified effluent w as chloride free. The 
resin  w as th en  washed w ith  slig h tly  alkaline carbon dioxide free water.

T he volum e capacities o f  th e  sw ollen Cl—-form  resins in 0.1, 0.01 and 0.005 m ol dm -3  
N aC l so lu tion s were determ ined b y  the m ethod described in  ref [2], and the fo llow in g  values 
w ere ob ta in ed  2.19; 2.32 and 2.43 m equiv  cm -3 , respectively. The mass capacity  o f  th e  con
d itio n ed  H P O |~-form  resin (w ater conten t 25 per cen t) was 2.47 m equiv g -1  ca lcu lated  either 
b y  th e  q u a n tity  o f the desorbed IIF O j -  or the q u a n tity  o f the adsorbed Cl-  ions.

T he 0.1 N  stock solutions were prepared from  reagent grade NaCl, Na„IIPO. ■ 12 11,0 
and N a 3P 0 4 • 12 H20 .

R esu lts  and  D iscussion

F o r  th e  general ion  ex ch an g e  re a c tio n  (1),

n R C l-  +  Y n-  ^  R nY n_ +  n C l-  (1)

w h e re  Y n -  =  H 2P O ^ , H P 0 4-  or P 0 4~ , th e  co rrec ted  ra tio n a l se le c tiv ity  
c o e ff ic ien t is defined b y  eq. (2):

r i Y n - , r H  * (Y "-) • * (С Г )"  / (C l“ )-
(2)

w h e re  x  an d  x  are th e  e q u iv a le n t frac tio n s  in  so lu tio n  and  in  th e  re s in  p h ase , 
re sp e c tiv e ly , and  /  is th e  a c t iv i ty  coeffic ien t in  th e  so lu tion  p h ase . T h e  ra tio  
f ( C l ~ ) nI f ( Y n~) was e s tim a te d  th ro u g h  th e  D a vies  eq u a tio n  [2].

T h e  th e rm o d y n am ic  e q u ilib riu m  c o n s ta n t fo r th e  g enera l exchange 
re a c t io n  o f ty p e  (1) can  be  o b ta in e d  [3] th ro u g h  eq. (3):

l n i t ' ( Y n- /C l- )  =  In K T( Y n~jCl~) +  In
C I"“ 1

T iV
® * (Y " -)  (3)

R T

H e re  K ' ( Y n~ICl~) an d  K T( Y n~ICl~) arc  th e  co rrec ted  se lec tiv ity  coeffic ien t 
a n d  th e  th e rm o d y n am ic  e q u ilib riu m  c o n s ta n t, respective ly , C is th e  vo lum e 
c a p a c i ty  of th e  swollen re s in  (m equ iv  c m -3 ), T N  is th e  to ta l  n o rm a li ty  of th e  
so lu tio n  (m equiv  c m -3 ), R T  =  2479.2 J  e q u iv -1  a t  298.2 K , n  is th e  charge 
o f  th e  Y n - ion, 5 (X ”- ) is th e  e q u iv a le n t fra c tio n  in  th e  resin  p h a se , and  u> 
is  th e  en e rg y  of in te ra c tio n  be tw een  tw o  e n te r in g  Y n— ions in  th e  re s in  phase 
(k J  e q u iv -1 ). E q . (3) is q u ite  analogous to  th e  Salamon e q u a tio n  fo r u n i
u n iv a le n t  exchange [1], a n d  sim ila rly  p re d ic ts  th a t  a p lo t o f In K ’(Y " - /C1- ) 
a g a in s t  x (Y "~ )  should  be a  s tra ig h t  line.

I n  F ig . 1 are show n th e  io n  exchange iso th erm s for th e  Н Р 0 4- /С1-  and  
P 0 4- /C1-  processes, an d  in  F igs 2 an d  3 a re  g iven th e  p lo ts o f In K ' ( Y n~/ C l—) 
a g a in s t  Ä(Yn - ). As re q u ire d  b y  eq. (3), s tra ig h t lines are  o b ta in e d . F rom  
th e  in te rc e p t  an d  slope o f  th e se  p lo ts , X 7(Y n - /C l_ ) an d  a> w ere  ca lcu la ted  
th r o u g h  th e  follow ing e q u a tio n s :
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ln  K 1 ( Y n 1 Cl ) =  in te rc e p t — In
С Г “ 1 

T N )
(4)

n R T
co =  — slope • ---------.

2 (5)

T he s ta n d a rd  free en e rg y  change w as th e  ca lcu la ted  th ro u g h  eq . (6):

AG° =  R T  In K T(Y "-/C 1-) (6)

th e  o b ta in e d  K r (Y n_/C l~), AG° and  O) v a lu es  are  sum m arized  in  T a b le  I .

Fig. 1. Ion-exchange isotherm s on D ow ex 1 x 8  at 25 °C at various total norm alities and pH  
values; a) 8.70 <  pH  <  9.00, b) 11.00 <  pH  <  11.80
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Fig. 3. P lo t o f  ln  K'(POj}- /C l- ) as a function  of ж(РО|~)

Tabic I
Thermodynamic data at 25 °C fo r  the phosphate {chloride exchange reactions on D ovex 1 x 8

Ion exchanged 
against chloride, 

Y*-
K T (  Y "-/C 1 -)

AG ° A H ° a> A S °
J  K -1 eq u iv -1

k J  equ iv -1

Н ,РО Г 1.6 • 1 0 - 1* 4.5 7.0 - 1 .3 6 8

H PO J- 7.0 ■ 1 0 - 2 3.3 9.7 + 4 .4 1 21

POJ- 2.3 • 1 0 - 3** 4.8 7.5 +  9.96 9

* Taken from Reference [1]
** See also remarks in  th e  tex t
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The enthalpy change of the ion exchange reaction, A H e, can be calcu
lated from eq. (7), where ()t is the measured total heat of exchange, C  is the 
mass capacity of the resin, to the mass of the resin and x ( X n~) is the mole 
fraction of ion Y"— in the resin phase.

Qt =  A H eC w x ( X n~)  +  A H , C w .  (7)

The heat of immersion, A H X, of the HPO^-form  resin in water and in 0.1 N  
Na2H P 04 solution was found to he —3.8 and —3.1 kJ equiv-1, respectively.

Plots of A H e against x ( Y n~) are shown in Figs 4 and 5; the enthalpy 
change corresponding to the complete x ( Y n~) =  1 conversion of the resin 
was obtained by extrapolation. The calculated standard enthalpy and entropy 
changes are given in Table I.

From the equilibrium constants in Table I, it can be seen that the resin 
shows an extremely low affinity for the bi- and tervalent orthophosphate 
ions as compared with the monovalent ion. Indeed, the affinity actually de
creases with increasing ion charge. When the data are compared it must be 
born in mind that in the case of the P O ^/C l-  exchange the concentration of 
the OH" ions in the solution is between 10- 2 and 10-3  mol dm-3. In addition,

Fig. 4. Variation o f A H e as a function of the resin com position for the ПРО;;—/ Cl~ and
C l~ /H P O |_ exchange
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F ig. 5. V ariation o f ЛH e as a function of the resin com position  for the P O |- /C l_ exchange in
the pH range from 11.00 to 11.80

the low value of ,KT(P0 4 _/C1_) compared with the value [1] of K r(OH- /Cl~) 
indicates that the OH- /Cl~ exchange could take place simultaneously with 
the main PO^- /С1-  reaction. Since no correction has beenmade for theOH _/Cl~ 
side reaction the data for the PO ^/Cl-  system must be regarded as less reliable 
than for the other systems. Any contribution by the OH”/Cl~ exchange would 
result in the actual value for K T(P0 4 - /C1~) being somewhat less than the 
quoted value in Table I.

Several models of the ion-exchange selectivity emphasize the importance 
of the Coulomb forces that govern the ion pairing between the resin-fixed 
ion and the counter-ion. This Bjerrum-type interaction is the explanation of 
the general rule often quoted for cation exchangers [4—6] that the selectivity 
increases with increasing ion charge. It is known, however, that the above 
electrostatic model is inadequate for the interpretation of anion exchange 
selectivity, and recent works [7 — 8 ] have emphasized, instead, the strength 
of the anion-water interactions in the bulk solvent.

The higher charged ion is more hydrated and since the dilute external 
aqueous phase offers more possibility for hydration than the concentrated 
resin phase, consequently the higher charged ion will prefer the aqueous 
phase. The degree of protonation of the anion or the strength of the base is 
an indication of the strength of the ion-water interaction. The more strongly 
an anion takes up a proton, PO]~ >  HPOj]-  >  H2PO^, the more strongly 
the anion bonds to the water molecule and the more strongly it prefers the 
aqueous phase, К 1 (PO^- /С1 ) <[ .КГ(НР0 4 ~/С1—) -КГ(Н2Р 0 4 /С1 ), which
is indeed the observed selectivity order.
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The thermodynamic data in Table I show that the unfavourable standard 
free energy changes are all due to very unfavourable enthalpies of exchange; 
the corresponding entropy values are positive i.e. favour the exchange. From 
the standard entropies of ions in aqueous solution [9], it is evident that the 
entropy of hydration of the gaseous anions must be increasingly negative 
along the series H2PO ~̂, HPO^-  and POj|". Thus if dehydration of the anion 
on transfer from the aqueous phase to the resin phase was the only factor 
involved, the corresponding entropies of exchange should be progressively 
more positive as the charge on the anion increases. That the entropy value for 
the phosphate anion is less positive than expected may be due to factors other 
than anion dehydration. It should be noted, however, that results for the phos
phate anion may notably be affected by interference from OH- , as mentioned 
above, and also by the so-called site sharing phenomenon [1 0 ].

*

W e are grateful to Professor G. Gu io ch o n  of the Ecole P olytechnique (Paris) for 
providing A. M. w ith a grant from  the Scientific Exchange Agreem ent in support o f  th is work.
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For the description o f the m utual orientation  o f m olecules in the case o f three 
orientation degrees o f freedom , the angles betw een the corresponding principal polariz
ab ility  axes have been suggested. It has been show n th a t for independent m olecules 
the jo in t probability den sity  o f these angles is sym m etrical, unlike the jo int probability  
density  o f Euler angles, w hich can also be used to  characterize m utual orientation. 
I t  has been shown on th is basis that these angles can  be regarded as the natural param 
eters for the description o f m utual orientation and as a convenient tool in  th e  investi
gations concerned w ith  the m utual orientation o f  m olecules.

In addition to the polarizability of a molecule, the anisotropic compo
nent of molecular light scattering depends on the time average of the mutual 
relative orientation of the principal polarizabilities of molecule pairs. In order 
to calculate the intensity contributions of these molecule pairs, the probability 
distribution of the angles between the principal polarizabilities must be known. 
This also allows the parameters characteristic of mutual orientation to be 
calculated from experimental data.

We pointed out [1] that in the analysis of light scattering results it is 
not absolutely necessary to assume molecular associates of definite shape when 
the intensity of scattered light cannot be described sufficiently by a model in 
which molecules are oriented independently in space. It may well occur that 
the only effect is a certain preference in the mutual orientations of the actual 
neighbour molecules, without these neighbours being associated more strongly 
with one another than with other molecules, and, of course, without staying 
together as an associate.

Such cases can be treated practically by regarding the parameters 
which describe mutual orientation as random variables, and by determining 
their density functions. This function will reflect the interactions which influ
ence mutual orientation.

This paper deals with the probability treatment of the mutual orientation 
of molecules in liquids. In this treatment, in order to describe the interactions
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between the molecules orienting one another, a new set of parameters will be 
introduced which, unlike the usually applied Euler angles, is more convenient 
to use in the given physical problem.

It will be shown that in terms of these parameters, for independent spa
tial orientation, the probability density function characteristic of mutual 
orientation is symmetrical.

Description o f m utual orientation by Euler angles

The mutual orientation of two molecules can be described by three 
data, and the various orientations can be represented by points in a three- 
dimensional parameter space.

A well known and convenient method for describing mutual orientation 
is to give the Euler angles (see Fig. 1, which shows the coordinate systems 
spanned by the principal polarizabilities of two molecules).

Let us assume that initially the two coordinate systems coincide, and 
move the molecule with the primed axes. In the first step it is rotated around 
axis z  by angle oc. Thereafter it is rotated by angle ß  about the OP line, i.e. 
around the actual position of axis x '. Finally it is rotated by angle у  around 
axis z '  which is already in its final position. If a, ß  and у  are given in a Carte
sian coordinate system, the rotation is unambiguous in the rectangular domain
D  =  [0 ,2 « ]X [0 ,» ]X [0 ,2 » ].

Assume now that the two molecules are neighbours, and they are inci
dentally in a position shown in the figure. The interaction between them tends 
to  change this orientation. Since mutual orientation is determined by three 
data, the actual values of all three parameters may change. Let us denote the 
effects tending to change these parameters by F a, Fß and F y. These forces,

2

A cta  Chim. Acad. Sei. Hung. 106, 1981



ВЕКЕ et «I.: PROBABILITY DISTRIBUTION OF NATURAL PARAMETERS 53

as components form an orienting force field, F(rE), where rE is the position 
vector defined in the a, ß ,  у  space of the Euler angles. By means of the identity 
F(rE) =  —grad t/(rE) an orienting potential field may also he defined.

If the forces tending to change angles a, ß  and у  i.e. the components 
of —grad U(rE) were known, one could give the orientation effect resulting 
from the interaction between the two molecules in the given position. Con
versely, by taking into account the orientation effect of the other molecules too, 
from any experiment measuring the time average of mutual orientation (e.g. 
light scattering) one could obtain a parameter of the orientation potential acting 
between the molecules.

Neglecting specific parameters, what might be the shape of the potential 
of the forces which tend to change the mutual orientation of molecules? How 
can this force be decomposed into components?

Without being able to answer these questions, one fact seems to be evi
dent: the a, ß , у  space of Euler angles is inappropriate for the analysis of the 
mutual orientation effect of molecules. It is stressed that the above statement 
refers not to the way of describing mutual orientation, for which Euler angles 
are excellent, hut to the description of the mutual orientation effect in a natural 
way. This will be discussed in detail, but first we return to the above questions. 
It may be added that even if it is possible to describe the mutual orientation 
effect of two molecules in a general form, instead of using the Euler angles, 
this can be done more conveniently in terms of another set of parameters which 
is closer to the physical essence of the problem.

Let us regard now the case of mutual orientation effect. The problem 
is whether the mutual orientation changes as a consequence of the interaction 
between two molecules, and if so in which way. In other terms the kind of 
interaction that may cause a given change in orientation must be understood.

Assume that a mutual orientation characterized by points r £ D  changes 
in a way that none of its parameters remain the same. It can be stated 
that the displacement of point г is now not parallel with any of the coordinate 
axes. The displacement can be regarded as caused by a force acting in the 
appropriate direction, general in the x ,  ß ,  у  space. The displacement as well 
as the force can be decomposed into components parallel with the axes. These 
force components, when investigated in different r points, constitute the 
force field F(rE).

To what effect the changes in parameters can be attributed? Let us 
regard in this respect again the rotation in terms of Euler angles, and study 
the physical contents and reasons of the individual steps. It is evident at first 
that the role of the axes during rotation is not symmetrical. However, it is 
hardly probable that the real cause of rotation is also asymmetric, thereby 
matching the asymmetric description of rotation. The first and third steps 
are both rotations around the z '  axis, the second is a rotation around x ' . In
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this respect the role of axis labelled arbitrarily as y '  appears to be irrelevant. 
In another notation this axis may receive the major role. The displacement 
described in terms of Euler angles contains, therefore, arbitrariness, which 
seems to be desirable to eliminate.

The natural param eters of m utual orientation

In order to solve the above problem, it appears convenient to define 
mutual orientation e.g. by the angles between the corresponding positive half
axes of the two molecules. In Fig. 2 the angle between x  and x '  is denoted by 
X , and Y  and Z  have similar meaning. The symmetric role of these angles 
as the parameters of mutual orientation follows from their definition. It can 
be expected therefore that these parameters allow the problem of mutual 
orientation effect to be treated symmetrically with regard to the three degrees 
of freedom.

Let us assume that the mutual effect of the two molecules manifests 
itself, in part, in a tendency of one of the molecules to move a given axis of 
the other (say x ’) away from its own (x) axis by a certain angle. This interac
tion, after the two molecules become neighbours, obviously causes a change 
in the value of X .  With regard to this interaction the individual generatrices 
of the cone corresponding to the given X  angle are indistinguishable. If the 
orientation effect is not exhausted in the above, and the у  and y '  axes also 
have an energetically more favourable position, the Y  parameter of mutual 
orientation may also change after the encounter of the two molecules. Finally, 
it can also be conceived that the value of Z  also changes in a direction approach
ing the position corresponding to a potential minimum.

Take now a Cartesian system with axes X , Y  and Z .  The mutual orien
tation is defined óver a domain D  of this system, symmetric in the variables.

z
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Let us denote the individual points of this domain by г =  (X , Y ,  Z ) .  Owing 
to the interaction, the two molecules will depart from the given r £ D  point. 
Let us characterize by F x, F y and F z the force which tends to change the 
parameters X ,  Y  and Z, actually giving the mutual orientation of the two 
molecules. Relation F(r) =  —grad U(r) defines an orienting potential field 
U (t)  in the X ,  Y ,  Z  space. One may well expect that the individual 
variables in the orientating potential field ( U ( X ,  Y ,  Z) have such a role 
that the functions expressing the interactions between the various pairs of 
axes will have the same form in the actual variables (X, U  or Z), apart from 
specific parameters (geometric, polarizability, e tc .) .  This is the feature we 
wanted to have, and will utilize in the further discussion of mutual orien
tation.

First we will take the case when the two molecules are oriented independ
ently of one another with respect to an external coordinate system. In this 
case the neighbours have no orientation effect on one another. Interactions 
will be regarded as a perturbation on the probability disribution correspond
ing to the above case, i.e. the results obtained here will be used as a starting 
point in the discussion of various mutual orientation effects.

The rest of the paper deals with the mathematical description of the 
mutual orientation of independent molecules in terms of coordinates X ,  
Y  and Z.

The probability density of the natural param eters of mutual orientation

Take a rectangular spherical triangle x , y ,  2 on a sphere of unit radius. 
Rotate this sphere around its centre randomly so as to produce an even distri
bution for the rotations in the following sense: if x ' y ' z '  denotes the rotated 
spherical triangle, ft is the 22' arc, <p is the z ' z y  angle and £ is the z z 'y  angle, then

d x x Px2 d x 3
P(&  <  xv  cp <  x2, C <  X3)

sin X) 

8 л 'а
( 1 )

0  <  x t <  л ;  0 <  x 2 <  2 л ;  0 <  x 3 <  2 л .

(It can be seen from the density function that ft,  (p and f  are independent 
random variables.)

Let us denote the x x '  arc by a, the y y '  arc by b and the zz  arc by c =  ft, 
and regard them as random variables. The aim is to determine the joint proba
bility density of random variables a, b and c. For this purpose some simple 
auxiliary theorems will be proved.
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A u x i l i a r y  theorem  1

— COS (p cos f  -f- sin 90 sin C COS # (2 .1 )

sin 9? sin £ — cos <p cos £ cos # . (2 .2 )

P ro o f :  From the cosine theorem pertaining to the sides of spherical triangles 
and the sine theorem of spherical triangles one obtains, with the notation 
of Fig. 3:

sm ( y  z) =  —  — ------ (3)
sin (o -f- <f)

0 =  cos (z ' y ' )  =  cos c ■ cos ( у '  г) sin c sin ( y '  z) • cos (d -j- (p), (4)

cos ( y 1 z) —  sin c • cos C (5)
since

cos b =  sin ( y '  z)  cos <5 =  sin ( y '  z)  cos ([d +  9?] — <f>), (6 )

by expanding cos ([d + 9?] — <p) and substituting (3), (4) and (5) into the 
resulting identity (2 .1 ) can be obtained.

Equation (2.2) can be proved in a similar manner, only the role of y ’z 
is played by x 'z .
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A u x i l ia r y  theorem  2

T he jo in t p ro b a b ility  d e n s ity  o f ra n d o m  variab les

r =  COS {I

g  =  cos (ep +  £) (7)

h =  cos (<p — £)

c o n s tru c te d  from  th e  ran d o m  v ariab les , D, ep, £ charac terized  b y  jo in t  p ro b a 
b ili ty  d e n s ity  (1) is

Э3
f(*i, *з) =  „ ^ 0 P (g  < x v h <  x 2, r < x 3) =

Зх^  СД̂ 2

1

M i i  ^ í T i  -  ^ n ) i/2 ’
if  0 < | * 1| , | * * | , | * з | < 1 . ( 8)

Proof:  D ue to  (1) r is in d ep en d en t o f g  an d  h , th u s  its  p ro b a b ility  d e n s ity  can 
be ca lc u la ted  sep a ra te ly  an d  m u ltip lied  b y  th e  jo in t p ro b a b ility  d e n s ity  of 
g  an d  h  to  o b ta in  th e  jo in t p ro b a b ility  d e n s ity  of th e  th ree  v a riab le s . 

T herefo re , from  (1)

—  P (r <  х з) Зх.

3  3
P (cos #  <  x 3) = ------ P(& £> arc cos дс3) =

<x..

3  .. 3
[1 — P (d  <£ arc  cos ха)]

Эле, Эл:з L
1 _   ̂ х з 

2 ( 9)

Э

<'x..
1 +  X,

In  o rd e r to  ca lcu la te  th e  jo in t p ro b a b ili ty  d e n s ity  of g  and  h, le t us reg a rd  
F ig . 4 . In s ide  th e  t i l te d  sq u are  w ith  a d iagona l o f 4jr th e  jo in t p ro b a b ili ty

d e n s ity  o f  (p -f- £ an d  ep — £ is ———, w h ereas  outside th is  square  i t  is 0.

T h e  v a lu e  o f P (cos [ер +  s] <C * i, cos Vp — I]  <T ß2) is g iven  b y  th e  
in te g ra l o f th e  shaded  areas acco rd ing  to  th e  above d en sity  fu n c tio n , i.e.

P{cos [ep +  £] <  cos [ep — £] <  x2) =

=  P(ep -)- £ £ [arc cos x v  2jr — arc  cos x] U
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U  [2 л: +  a rc  cos x v  4л; — arc cos a^]; <p — C £ 

£ [ -)- a rc  cos x 2 — 2 л  — arc cos x 2] U  

U  [arc cos x2, 2л  — arc cos x 2]) =

=  - j— — (2 л  — 2 arc cos л;1) • (2 л 2 a rc  cos x2) ,

u tiliz in g  th e  a rea  h a lv in g  p ro p e rty  of s tr a ig h t  lines passing th e  cen tres  of 
rec tan g le s . F rom  th is  exp ression  (8) can  be d e riv e d  b y  d iffe ren tia tio n  an d  th e  
u se  o f  (9).

A u x il ia ry  theorem  3

L e t p  =  cos a , q =  cos b, r =  cos c. T h en

-Q f 3 а p (P < y v 4 <  Уъ r <  Уз) =  (10)
эУ 19 У 2ЭУз

1

^ [ ( i  +  Ji У2 Уз) (1 У1+У2“ Уз) (1 “ У 1-У2+У3Н 1 +Ух +Уг +Уз)]1/а ’

w h ere  th e  exp ression  u n d e r  th e  square  ro o t is p o s itiv e , and

0 <  ly j ,  |y2|, |y 3! ^  l ,
o th e rw ise  zero.
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P ro o f : F o llow ing  from  (2.1) an d  (2.2),

„ =  _  Р  +  Ч
* 1 + r

r -  1

( И )

T h e  follow ing th e o re m  p e rta in in g  to  th e  tra n s fo rm a tio n  of d e n s ity  fu n c tio n s  
is  app lied :

I f  f ( x v  x 2, x 3) is th e  jo in t p ro b a b ili ty  d e n s ity  of random  v a ria b le s  X x, 
X 2, X 3, and  Y x, Y 2, Y3 are ran d o m  v a ria b le s  fo r w hich

X 1 =  g (Y 15 Y2, Y 3)

X 2 =  A( Y x, Y 2, Y 3) (12)

X 3 =  r (Y lf Y 2, Y 3)

a n d  th e  fu n c tio n s  g, r and  A are d iffe re n tia b le  th ro u g h o u t, th e n  th e  jo in t  
p ro b a b ili ty  d e n s ity  o f ran d o m  v ariab les  Y x, Y2, Y3 is

Ь& пУз-Уз) = f [ g ( y ^ y ^ y 3h  Ч У м У ъ У з)-  г(У1,У*Уз)] ■ Л .

w here Л is th e  a b so lu te  value of th e  J a c o b ia n  d e te rm in an t. (The th e o re m  is 
m en tio n ed  in  R ef. [2] on p. 66 of Vol. 2).

I f  in  th is  th e o re m  g, A and  r p la y  th e  ro le o f X x, X 2, X 3, a n d  p ,  q a n d  r 
th e  ro le  o f Y x, Y 2, Y3, we o b ta in  from  (8) a n d  (11):

A(ji> Уг, Уз) =  — ■ P (P  < У н 9 <  У» т <  Уз) =  
0J i  дУз дУз

=  /
У1 + У 2 У1 — Уг 

Уз 1
Уз)-

flg Qg 0g
0Jl 3 j 2 £со

ал ЗА ЗА

дУ1 дУ-2 дУз
Э т 3 г дг

0j i 0У2 0Уз

(13)
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w h ere , because of (11),

8  =
Уг + У 2  

1 +  Уз ’

У1 ~ У г

Уз 1

г =  Уз

a n d  f  is th e  d e n s ity  fu n c tio n  defined by  (8).
U sing  th e  ab o v e  a u x ilia ry  theorem s, one c a n  ca lcu la te  th e  p ro b a b ili ty  

d e n s ity  fu n c tio n  w h ich  ch a rac te rizes  th e  m u tu a l  o r ie n ta tio n  of in d e p e n d e n tly  
o r ie n te d  m olecules in  th e  X ,  Y ,  Z  space.
Theorem : T he jo in t  p ro b a b ili ty  density  o f  a, b , c is

Э3

d X ,  9Y ,  dZ
P ( a < X , b < Y , c < Z )  =

sin X  sin V  s in  Z
я 2[(1 +  cos X  +  cos У  +  cos Z) (1 +  cos X  — cos Y  cos Z )]1/2

[(1 — cos X  +  cos Y  +  cos Z) (1 — cos X  — cos У  - cos Z )]1/2

X

(14)

i f  0 <  X ,  У , Z  <[ я ,  a n d  th e  expression u n d e r  th e  square roo t is p o s itiv e . 
O therw ise  i t  is zero.
P ro o f : i t  follows fro m  (10) an d  th e  tra n s fo rm a tio n  theorem .

a3
i t  can  be seen th a t  th e  p ro b ab ility  d e n s ity  ----  --------=  f ( X ,  У , Z ) is

д Х  9У  9Z
sy m m etrica l as ex p ec ted . T h is p ro p e rty  can  be u tiliz e d  to  ad van tage  in  s tu d y 
in g  th e  m u tu a l o r ie n ta tio n  effect of m olecu les.
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C-NUCLEOSIDES, III*
SYNTHESIS OF C-(2-DEOXY-/?-d-RIBOFURANOSYL) 

BENZOTHIAZOLE AND -TETRAZOLE AND 
5-(/?-d-ARABINOFURANOSYL) TETRAZOLE

T R A N SFO R M A T IO N  OF C-GLYCOSYL-TETRAZOLES INTO  
1,3 ,4-O X A D IA Z O L E  D ER IV A TIV E S

I . F .  S z a b ó , I .  F a r k a s ,* *  L. S o m s a k  and R . B o g n á r **

(In stitu te  o f Organic Chem istry and Research Group fo r  A ntibiotics o f  the H ungarian  Academ y  
o f  Sciences, Kossuth Lajos University, Debrecen)

R eceived July 13, 1979

In  revised form October 18, 1979

A ccepted  for publication March 3, 1980

2-l)f'(ixy-/i-])-riboi'uranosyI cyanide was converted into the corresponding 2- 
substituted benzothiazole derivative (II) w ith  2-am inothiophenol and in to  5-[2-deoxy- 
3,5-di-0-(p-toluoyl)-/?-D-ribofuranosyl] tetrazole (III) w ith  sodium  azide and am m onium  
chloride. 5-[2-Deoxy-3,5-di-0-(p-toluoyl)-/?-D -ribofuranosyl |-2 -m ethyl-1 ,3 ,4-oxadi azole 
(IV) was obtained from  III w ith  boiling acetic anhydride. I ll and the form erly synthesiz
ed C-glycosyl-tetrazoles were transform ed into 5-glycosyl-2-tr ifluorom ethyl-l,3 ,4- 
oxadiazole derivatives (V VIII) w ith trifluoroacetic anhydride.

Crystalline 5-(2,3,5-tri-0-benzoyl-/?-D -arabinofuranosyl)-2-m ethyl- (XII) and -2- 
tr ifluorom ethyl-l,3 ,4-oxadiazole (XIII) were obtained from syrupy 2,3,5-tri-O -benzyl- 
/?-D-arabinofuranosyl cyanide in several steps via  the tetrazole derivative. The confi
gurations o f the com pounds were established on the basis o f their NM R spectra and by  
comparing them  w ith  the a-anom ers (XIV, XV).

I t  has been show n th a t  /?-glycosyl cyan ides re a c t w ith  az ide  ions in  a 
cy c lo ad d itio n  reac tio n  to  give 5-/?-glycosyl-tetrazoles, w hereas w ith  2 -am in o 
th io p h e n o l th e y  u n d erg o  co n d en sa tio n  to  2-/?-glycosyl-benzothiazoles [1, 2]. 
R e c e n tly  sim ilar in v e s tig a tio n s  [3, 4] have  been re p o rte d  b y  Y u g o s lav  in v e s ti
g a to rs . As expec ted  [5], th e  C -g lycosy l-te trazo les are  n itril- im in e  p recu rso rs ; 
so th e y  can be tra n sfo rm e d  in to  5 -g ly co sy l-2 -su b stitu ted -l,3 ,4 -o x ad iazo les  b y  
a c y la tio n  [1 — 3].

O ur in v es tig a tio n s  h av e  been ex ten d ed  to  o th e r  g lycosyl c y a n id e s , and  
n o v e l tran sfo rm a tio n s  o f  C -g lycosy l-te trazo les h av e  been  ach iev ed . 2 -D eoxy-
3 ,5-d i-0 -(p -to luoy l)-/3 -D -ribofuranosy l cyan ide  [6] (I) could  be c o n v e rte d  in  
a n  exce llen t y ield  in to  III, a n d  sa tis fac to rily  in to  th e  II b en zo th iazo le  d e riv a 
t iv e ,  using  th e  earlie r m e th o d  [1, 2].

* Part II, see Ref. [2]
* To whom  correspondence should be addressed
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В/. О OBz

On the analogy of I I I ,  we synthesized 5-(2,3,4,6-tetra-0-acetyl-/?-D- 
galactopyranosyl)-2-trifluoromethyl-l,3,4-oxadiazole (VI), 5-(2,3,4-tri-0-ace- 
tyl-/?-D-xylopyranosyl)-2-trifluoromethyl-l,3,4-oxadiazole (VII), and 5-(2,3,5- 
tri-0-benzoyl-ß-D-ribofuranosyl)-2-trifluoromethyl-l,3,4-oxadiazole (V III) in 
excellent yields, starting from the formerly prepared 5(-per-0-acyl-/?-glycosyl) 
tetrazoles [1, 2], by allowing them to react with trifluoroacetic anhydride.

I t  seemed interesting to synthesize the corresponding /J-D-arabino- 
furanosyl derivatives, also in view of their potential biological effects. 2,3,5-
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tri-O-benzyl-D-arabinofuranosyl cyanide [7] (IX), purified by column chro
matography, was transformed into the corresponding tetrazole derivative 
(X) by means of an analogous reaction. We did not succeed in isolating either 
X or XI in the crystalline state. Therefore XI was O-acylated in the usual 
manner and then heated with the appropriate acid anhydride to give the cor
responding 2-methyl-(XII) and 2-trifluoromethyl-l,3,4-oxadiazole derivative 
(XIII), respectively. These compounds were obtained as crystalline substances 
after purification by column chromatography.

By means of the above method, we also prepared 5-(2,3,5-tri-0-benzoyl- 
a-D-arabinofuranosyl)-2-methyl-(XrV) and -2-trifIuoromethyl-l,3,4-oxadiazole 
(XV) from the known 5-(2,3,5-tri-0-benzoyl-a-D-arabinofuranosyl)tetrazole 
[4] (XVI). The characteristic data of the compounds are listed in Table I.

We deduced the configuration of the anomeric carbon atom from the 
NMR spectra of the compounds (Table II). It is known that the H -l signal of 
the /9-anomers of 2-deoxyribofuranosyl derivatives is of pseudotriplett charac
ter [8] and the sum of the coupling constants belonging to it (about 15 Hz) 
is larger than in the a-series [9, 10]. On this basis II, IV and V are regarded as 
compounds of /З-configuration. This is also supported by our earlier observation 
that the C-l configuration of glycosyl cyanides remains unchanged during 
identical transformations [1, 2].

The NMR spectrum gives no information on the anomeric configuration 
of III. However, its conversion into the oxadiazole derivatives IV and V of
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Table I 2

Characteristic data o f the compounds

[  C om pound
Y ield ,

%
M.p.,
°c [<*1d

(so lven t) F o rm u la

i i 48 1 3 0 -1 3 1 +  32.8° 

(pyridine)

c12h 13n o 3s

h i 95 163 164 +  1.4° 
(CIIC13)

c22h 22n 4o5

IV 92 102 103 - 29.0°
(сна,)

C2.H2.N20,,

V 91 106 107 22 7° 
(CHC13)

C21H21N2 0 tF3

Mol.
w eigh t

A nalysis
»H -N M R (d [p p m ]; J  [H z]) 

aCDCls; bpyrid in e-d 5; 
°acetone-de; </d 20C alcd .,

0//0
F o u n d ,

%

251.3 N  5.57 5.60 b 2.36 2.84 (m, 2H. H -2,2')

S 12.76 12.68
4.03 (t, 2H, H -5,5')
4.58 (m, 1H, H-4)
4.90 (m , 1H, H-3)
5.87 (dd, 1H, H -l, J .  2 =  6, J 12, =  9)

422.4 N  13.26 13.28

436.4 N  6.42 6.63

2.38 (2s, 6H, CH3)
2 .7 2 -2 .9 0  (m, 2H, H -2,2') 
4 .4 8 -4 .7 2  (m, 3H, H -4,5,5') 
5 .6 4 -5 .8 4  (m, 2H, H-3, H -l)  
7.20 — 7.44 (m, 4H , aromatic) 
7.80 — 8.12 (m, 4H , aromatic)

! 2.36 (3s, 9H, CH3)
2 .5 2 -3 .0 0  (m, 2H, H -2,2') 
4.48 — 4.60 (m , 3H, H -4,5,5')
5.46 (dd, 1H, H -l, J , 2 =  6, J .  2, =  9) 
5.84 lm, 1H, H-3) ’
7.24 (m, 4H , aromatic)
8.00 (m, 4H , aromatic)

490.4
N 5.71 
F 11.62

« 2.38 (2s, 6H , CH3)
5.95 2 .7 0 -3 .1 0  (m, 2H, H-2,2')

11.27 4 .5 2 -4 .7 0  (m, 3H , H -4,5,5')
5,68 (dd, 1H, H -l, J 1 2 =  6 .5 ,J 12, =  9) 
5.75 (m, 1H, H-3) ’
7.24 — 7.36 (m, 4H , aromatic)
7.92 — 8.08 (m, 4H, aromatic)
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СЛ
VI 84 1 2 5 -1 2 6 + 1 2 .5 °

(CHC13)
^17Hi9N2O10F

VII 90 1 1 2 -1 1 3 - 3 2 .9 °
(CHClj)

Ci4H15N 20 8F 3

v n i 95 1 1 7 -1 1 8 -6 7 .6 °
(CHClj)

CjaHoiNjOgFa

XII
ba
f*
О

£
3'

18 1 2 1 -1 2 2 -6 0 .1 °
(CHClj)

C29H24N20 8

%
ÍP
'tu XIII
В

°?
О
Ov

Км'CCO

28 1 0 9 -1 1 0 -4 1 .5 °
(CHClj)

C ^ H ^ O s F  3

468.3
N 5.98 
F 12.17

5.78
12.14

• 1 .9 3 -2 .1 9  (4s, 12H, CH3) 
4.19 (s, 3H, H -5,6,6')
4.92 (d, 1H, H -l, J , 2 =  9) 
5 .1 8 -5 .6 4  (m, 3H , H -2,3,4)

396.3
N  7.07 
F 14.38

7.09
13.65

‘ 1.90 — 2.10 (3s, 9H , CH3)
3.52 (dd, 1H, H-5a*)
4.32 (dd, 1H, H-5e?, J 5ax ua =  11.5) 
4.84 (d, 1H, H -l,  J j 2 =  8:5)
5.12 (о ,1 Н , H-4, J 4;MX=  10,

•Л.5 eq — 5-5)
5.24 (t, 1H, H -3, J 3 j =  8.5)
5.42 (t, 1H, H-2, J 2i3 =  8.5)

582.5
N 4.81  
F 9.78

4.69
9.48

* 4 .5 0 -4 .9 2  (m, 3H , H -4,5,5') 
5.60 (d, 1H, H -l, J ,  j =  5.5) 
5.97 (dd, 1H, H-3, J3 j =  4.0) 
6.12 (t, 1H, H-2, J 2,3 =  5.7) 
7.20—7.70 (m, 10H, aromatic) 
7.80—8.20 (m, 5H, aromatic)

528.5 N 5 .30 5.70

* 2.30 (s, 3H, CH3)
4 .6 0 -4 .9 6  (m, 3H , H -4,5,5') 
5.78 (d, 1H, H - l,  J , .  =  4.7) 
5.84 (dd, 1H, H-3, J s 4 =  3) 
6.02 (dd, 1H, H -2, J 2’3 =  2) 
7.20—7.70 (m, 10H, aromatic) 
7.88—8.20 (m, 5H, aromatic)

582.5
N 4.81  
F 9.78

5.12
9.75

* 4.64 (m, 1H, H-4)
4 .8 0 -4 .9 2  (m, 2H , H -5,5') 
5.82 (m, 1H, H-3)
5.90 (d, 1H, H -l, J j.j =  4.7) 
6.04 (dd, 1H, H -2, a = 2 )  
7.20—7.70 (m , 10H, aromatic) 
8.04—8.20 (m, 5H, aromatic)
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Table I (continued)

Compound
Yield,

0//0 M£ ’ [“In
(solvent) Form ula

Mol.
weight

Analysis
1H-NMR (<5[ppm]; J  [Hz]) 

aCDCl,; bpyridine-d6; 
cacetone-d0; d j^ oCalcd.,

%
Found

%

XIV 72 syrup +  6 .8° 
(CHC13)

^28^-24^2^8 528.5 N 5 .3 0 5.31

* 2.50 (s, 3H, CH3)
4.78 (s, broad, 3H, H -4,5,5') 
5.59 (d, 1H, H -l,  J , 2 =  2.5) 
5.86 (m, 1H, H-3) ’
6.14 (t, 1H, H-2, J 2>3 == 2.5) 
7.20 — 7.66 (m, 10H, aromatic) 
8.04—8.24 (m, 5H, aromatic)

xvn 64 1 4 8 -1 4 9 + 4 8 .6 °
(H 20 )

c8h 12n 20 6 216.2 N 12.96 12.62

d 2.56 (s, 3H, CH3)
3.80 (m, 2H, H -5,5')
4.18 (m, 2H , H -3,4)
4.56 (t, 1H, H-2)
5.13 (d, 1H, H -l, J 1>2=  5.1)

XV 74 syrup - 1.2°
(CHCI3)

C29H21N 2O8F  3 582.5
N 4.81  
F 9.78

5.09
9.64

» 4.79 (s, broad, 3H, H -4,5,5') 
5.67 (d, 1H, H -l, 2 =  2.5) 
5.89 (m, 1H, H-3) ’
6.10 (t. 1H, H-2, J 2 3 =  2.5)
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T a b l e  П

C hem ical sh ift  ( 6 ,  p p m )  a n d  c o u p lin g  constan t ( H z )  o f  the H - 1  p ro to n s

Compound H - l Л ,- J i,t  “H Ji Sugar

1» 4 .90  ( t ) 7 .7 7.7 15.4
i p 5.87 (d d ) 6.0 9.0 15.0 2-deoxy-D-ribofuranose
IV« 5.46 (d d ) 6.0 9.0 15.0
V« 5 .68  (d d ) 6.5 9.0 15.5

XII* 5.78 (d ) 4.7 — —

XIII* 5 .90  (d ) 4.7 — — D-arahinofuranose
XIV* 5 .59  (d ) 2.5 — —

XV* 5.67 (d ) 2.5 — —

Y in * 5 .6 0  (d ) 5.5 - — D-rihofuranose

VI» 4 .92  (d ) 9.0 - — D -galactopyranose

VII“ 4 .8 2  (d ) 8.5 - — D-xylopyranose

*CDC13; bpyridine-d6; °acetone-de.

/^-configuration , being id en tica l w ith  th e  s ta r t in g  cyan ide  I , verifies th e  ß-con-  
f ig u ra tio n . O n th e  sam e hasis  also th e  V III  rib o fu ran o sy l d e r iv a tiv e  c a n  be 
re g a rd e d  as a /8-anom er.

T he co n fig u ra tio n  o f th e  a rab in o fu ran o sy l d e riv a tiv es  is v e rif ie d  b y  th e  
know n  d ifference [10—12] in  th e  chem ical sh if ts  an d  th e  coupling c o n s ta n ts  o f 
th e  H - l  p ro to n s . I t  is to  be n o te d  th a t  th e  co u p ling  co n stan t { J li2 =  5.1 H z) 
o f th e  H - l  p ro to n  of X V II, o b ta in e d  b y  d ea c y la tio n  o f XIV, increased  c o m p a re d  
w ith  th e  a c y la te d  com pound . T h is effect is s im ila r to  th e  case o f th e  te tra z o le  
XVI w here  i t  w as u n am b ig u o u sly  verified  t h a t  th e  anom eric c o n fig u ra tio n  o f 
XVI rem a in ed  u n ch an g ed  a f te r  d eacy la tio n  [4].

T he C -glycosides V I an d  V II h av in g  a p y ran o se  ring  u n a m b ig u o u s ly  
possess ^ -c o n fig u ra tio n , in  acco rdance  w ith  th e  d a ta  in  T able I I .

I

E xp erim en ta l

O ptical rotations o f the com pounds were m easured w ith  a Perkin-Elmer 241 polari
m éter; the NM R spectra were recorded w ith a JE O L  M inimar M H-100 spectrom eter. M elting  
points are uncorrected. The solutions were dried over anhydrous M gS04 and concen trated

5 * Acta Chim. Acad. Sei. Hung. 106, 1981
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under dim inished pressure on a w ater  bath at 40 — 50 °C. TLC w as performed on alum inium  
rolls pre-coated w ith silica gel 60 ® 254 (Merck). Chrom atogram s w ere developed w ith  th e  sam e  
so lv en t system s as used for co lu m n chromatography. D etec tio n  w as effected by iodine vapour  
a t room  temperature.

2-(2-D eaxy-,9-o-ribaFurau!)iy l) b e n za lh ia za le  ( I I )

Compound I [6] (1 g) an d  2-am inothiophenol (4 m L ) w ere dissolved in 10 m L  o f abs. 
ethanol and  boiled for 4 h  under nitrogen. The solution w as th en  evaporated to dryness and  
an ethanolic  solution of the resid ue (10 mL) was allow ed to  sta n d  w ith  0.4 mL o f 1 IV sodium  
m eth ox id e  solution for 24 h  a t 20 °C. After neutralization  w ith  cation exchange resin, the  
so lu tion  w as concentrated a n d  th e  residue recrystallized from  chloroform-ligroin and then  
from  ethanol-ether.

5-[2-D aaxy-3 ,5-di-0-(p-to luoyl)-/l-D -rib»furano3yl] -tetrazole (III)

Compound I (3 g) w as d issolved  in IV,lV-dimethylformamide (15 mL). N H 4C1 (0.54 g) 
and^N aN 3 (0.66 g) were added  an d  the m ixture was h eated  on  a boiling water bath  for 3 h. 
The solution  was then evap o ra ted  to  dryness, the residue shaken  w ith  water and extracted  
w ith  e th y l acetate. After drying, th e  organic layer was concen trated  and the residue recrystal

liz e d  from  ether-ligroin and th en  from  aqueous alcohol.

Preparation of 5-(per-0 -aey l-D -g ly co sy l)-2 -m eth y l-d ,3 ,4 -o x ad iazo les (IV. XIV)

The tetrazole (III, X V I [4 ]) (1 g) was allow ed to  react w ith  acetic anhydride (2 m l) 
o n  a boiling water bath  for 1 h.

In  the case o f  IV th e  so lu tio n  was evaporated, th e  residue taken up in  m ethanol and  
th e  so lv en t evaporated. T he resulting syrup was d isso lved  in  chloroform, neutralized w ith  
sa tu rated  N aH C 03 solution  and , after drying, the so lv en t w as evaporated. The residue was 
recrystallized from aqueous alcohol.

Isolation o f  X IV: th e  reaction  m ixture was trea ted  w ith  ice-water, then extracted  w ith  
chloroform . The neutralized chloroform  solution w as dried, evaporated to dryness and the  
sy ru p y  residue purified b y  co lu m n chromatography (K ieselgel 40, elution w ith CHCI3 : ether =  
10 : 1, Rf: 0.43).

5 -(a -D -A rab in o fu ran o sy l)-2 -m e th y l-l,3 ,4 -o x ad iazo le  (XVII)

Compound XIV (0 .90  g) was dissolved in  10 m L  o f  dry methanol. The solution  was 
m ade slightly alkaline ( p H 8)  w ith 1 N  sodium  m eth ox id e  and allowed to stand for 24 h  
a t  20 °C. It was then neutra lized  w ith cation exchange resin , evaporated to dryness and the  
residue recrystallized from  m ethanol.

P reparation  of 5 -(p e r-0 -acy l-D -g ly co sy l)-2 -triflu o ro m e th y l-l,3 ,4 -o x ad iazo les
(V—VIII, XV)

The tetrazole deriva tive  [1, 2] (1 g) was d issolved in  chloroform (1.5 mL). Trifluoro- 
a cetic  anhydride (1 — 1.5 m L ) w as added and the m ixture w as warmed on a water bath  (50 °C) 
u n til the evolution o f gas had  stopped (about 30 m in). T he solution was evaporated and the  
residue worked up as follow s:

(i) The syrupy residue w as recrystallized from  ethano l to obtain V.
(ii) Methanol w as add ed  to  and evaporated from  th e  syrup several tim es; it  w as then  

dissolved  in chloroform, neutralized  w ith saturated N a H C 0 3 solution, dried, and the so lvent 
evaporated. The residue w as recrystallized from aqueous alcohol (VI, VIII) or ethanol (VII). 
T he syrupy XV was purified  b y  column chrom atography (K ieselgel 40, elution w ith  benzene- 
eth er  (10 : 1), Rf : 0.52).

5 -(2 ,3 ,5 -T ri-0 -b en zo y l-/S -D -arab inofu ranosy l)-2 -m ethy l-l,3 ,4 -oxad iazo le  (X II)

2,3,5-Tri-O-benzyl-D-arabinofuranosyl cyanide [7] w as purified by colum n chrom ato
graphy on K ieselgel 40; th e  eluting solvent was benzene-ether (19 : 1); the fractions o f Rf 
0.60 —0.65 gave a m ixture containing m ainly the (3-anomer. The purified com pound (1.85 g)
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w as dissolved in JV,lV-dimethylformamide (10 m L). N H 4C1 (0.36 g) and N a N 3 (0 .4 4  g) were 
added, and the m ixture was heated  for 5 h on a boiling w ater bath. After filtration , th e  solution  
was evaporated, the residue triturated w ith  w ater, acidified w ith acetic acid, th en  extracted  
w ith  chloroform. The syrupy tetrazole (X) obtained on evaporating the so lvent w as dissolved  
in  m ethanol (25 m L) then hydrogenated at atm ospheric pressure at 20 °C in th e  presence of  
palladium  catalyst, prepared from  1.2 g o f PdCl2 b y  hydrogenation. The residue obtained  on 
evaporating the filtrate was w ashed w ith  ether and the syrup (XI; 1.1 g), w h ich  w as insoluble 
in  ether, was acetylated w ith  a 1 : 1 m ixture o f acetic  anhydride and pyridine (10  m L , 18 h* 
20 °C). T he m ixture was poured into ice-w ater, the solution extracted w ith  chloroform , then  
dried and the solvent evaporated. The syrupy residue was refluxed w ith 2 m L  o f  acetic  anhy
dride for 45 m in and fina lly  worked up as described in the case o f XIV. The crude syrup was 
deacety lated  w ith  sodium  m ethoxide as described above, then benzoylated w ith  a m ixture 
o f  1 m L o f pyridine and 1.5 m L o f benzoyl chloride. The m ixture was poured in to  ice-water, 
th e  product extracted w ith  chloroform, dried, and the solution was evaporated to  dryness. 
The syrup was crystallizable from  ether-ligroin after purification by colum n chrom atography  
(K ieselgel 40, elution w ith  benzene-ether (9 : 1), Rfi 0.21).

5-(2,3,5-Tri-0-benzoyI-/?-D-arabinofuranosyl)-2-trifIuoroinethyl-l,3,4-oxadiazole (Х 1П )

Crude, syrupy 5-/S-D-arabinofuranosyl-tetrazole (see XI) (0.55 g) w as trea ted  w ith a 
m ixture o f 2 m L of pyridine and 0.94 m L o f benzoyl chloride for 18 h at 0 °C. W ork-up of  
th e  acylating m ixture in the usual m anner gave 0.8 g o f tri-O-benzoate w h ich  w as allowed  
to  react w ith  0.8 mL of trifluoroacetic anhydride and then  worked up according to  m ethod  
(ii) given above. The syrup w as purified as described for XII (Rt: 0.78, in th e  sam e solvent) 
and crystallized from ether-ligroin.
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The k inetics o f the D-glucose—borate com plex ing  reaction have been in v estig a ted  
at 25 °C, in solutions o f 1.5 • 10” 2 ionic strength . Glucose solution, contain ing an  
equilibrium  m ixture o f the a- and /9-anomers, w as added to dilute boric acid -b orate  
solution , and the change in  e.m .f. was m easured b y  m eans o f a glass electrode and  record
ed as a function o f  tim e. According to the m athem atical evaluation o f the data , the  
logarithm  o f the m easured stab ility  constant o f  the D-glucose-borate co m p lex  is 
2.74 i  0.05. The individual stabilities o f the glucopyranose-borate and glucofuranose- 
borate com plexes and the rate constants o f their interconversion have been determ ined. 
The stab ility  constan t o f  the carbohydrate-borate com plexes can be correctly ob ta ined  
b y  pH -m etry on ly  w hen all the equilibria (m utarotational included) are taken  into  
consideration, on th e  basis o f a kinetical analysis o f  the data. The factors stab ilizing  
D-glucose-borate com plexes are discussed.

T he D -g lucose-bo ra te  com plexing re a c tio n  h as  been know n fo r a lo n g  
tim e  [1, 2] an d  used  in  th e  analysis of g lucose [3]. T he s ta b ility  of th e  b o ra te  
com plex  fo rm ed  w ith  th e  oc-anomer is closer to  th e  s ta b ility  of c is -l,2 -cy c lo - 
p e n ta n e d io l-b o ra te , th a n  to  th a t  o f c is-l,2 -cy c lo h ex an ed io l-b o ra te  [4], th e r e 
fore, som e of th e  a u th o rs  h ad  assum ed [1, 2, 4] t h a t  glucose, o rig inally  p re se n t 
in  th e  p y ranose  fo rm  [3, 5], is converted  in to  fu ran o se  in  th e  course o f  th e  
com plex ing  reac tio n . O n th e  o th e r h an d , o th e r  a u th o rs  described g lu c o p y ra 
n o se -b o ra te  [6]. Ma z u r e k  an d  P e r l in  [7] a t t r ib u te d  furanose s tru c tu re  to  
th e  com plex  on th e  basis  of H I-N M R  in v e s tig a tio n s , while K e n n e d y  a n d  
H o w  [8], as a re su lt o f  11B -N M R  sp ec tra l s tu d ie s , d id  n o t exclude th e  co
ex istence  o f b o th  g lucopyranose  and  g lu co fu ran o se  com plexes. T he a u th o rs  
[7, 8] assum ed  linkage o f  th e  1,2-, and  F o st e r  [9] th a t  of th e  2 ,4-diol g ro u p  
to  b o ra te , w hile o th e rs  p resum ed  th e  0 3—0 5- [10] or th e  0 3- - 0 5—Oe b o ra te  
com plex  [5].

R ecently , on the basis o f 1H -N M R  m easurem ents, Aronoff et al. [11] 
satisfactorily  proved the a-D -glucofuranose-borate structure of the com p lex , 
where the 1,2-oxygens are involved in the linkage.

F or th e  lo g a r ith m  o f  th e  s ta b ility  c o n s ta n t  o f  th e  1 : 1 co m p lex , th e  
va lu es o f  1 .90 [12], 2 .1 3  [4 ], 2 .37  [13] and 2 .3 7 6  [14] h ave been rep orted . I t  
sh ou ld  be n o ted  th a t  A r o n o ff  el al. [11], on a d d in g  b ora te  to  D -glucose d is so lv 
ed  in  d eu teriu m  o x id e , ob served  th e form ation  o f  a larger q u a n tity  o f  fu ra n o se  
th a n  ca lcu la ted  on th e  b asis o f  th e  s ta b ility  c o n s ta n ts  w ith  th e  a ssu m p tio n
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o f  fu ra n o se -b o ra te . T h is in d ic a te s  th a t  th e  c o rre c t value is h igher th a n  th o se  
p u b lish e d .

N o  d a ta  seem  to  be  availab le  on th e  r a te  of th e  p y ran o se—fu ran o se  
c o n v e rs io n  caused b y  th e  a t ta c h m e n t o f th e  b o ra te  ion.

O n ev a lu a tin g  th e  e x p e rim e n ta l m e th o d s  p u b lished  in  th e  l i te r a tu r e ,  i t  
b e c a m e  ev id en t th a t  m o st o f th e  au th o rs  u sed  a-D-glucose stock  so lu tio n , an d  
d id  n o t  ta k e  in to  co n sid e ra tio n  th e  m o d ifica tio n  o f th e  m u ta ro ta tio n a l e q u ilib 
r iu m  o f  glucose d u rin g  th e  period  of tim e  o f d e te rm in in g  th e  s ta b ili ty  c o n s ta n t 
o f  th e  com plex  [4]. I t  c a n  be seen, h o w ev er, fro m  th e  d a ta  in  T ab le  I  th a t  
o w in g  to  h y d rox ide  ion  c a ta ly s is , th e  in te rc o n v e rs io n  of th e  glucose an o m ers  
is  f a i r ly  ra p id  reac tio n  in  th e  reg ion  of a b o u t p H  9, w hich is su ita b le  fo r  th e  
in v e s t ig a tio n  of th e  b o ra te  com plexes, p a r t ic u la r ly  if  th e  in itia l so lu tio n  con
ta in s  o n ly  one o f th e  an o m ers . C a lcu la tions m ad e  on th e  basis o f th e  ra te  
e q u a tio n  of m u ta ro ta tio n  [17] an d  of th e  d a ta  in  T ab le  I , have  show n t h a t  in  
a  so lu tio n  of ab o u t p H  9, h a lf  o f th e  a-D -glucose orig inally  p resen t is c o n v e rte d  
in to  th e  ^ -m o d ifica tio n  in  ab o u t 10 m in u te s . H ence  th e  d a ta  in  th e  l i te ra tu re  
o n  th e  g lu co se -b o ra te  sy s tem  can  only  be  co n sid e red  as ap p a re n t co m p lex  s ta 
b i l i ty  co n stan ts .

I n  view  of th e  a fo resa id , we w orked  w ith  so lu tions co n ta in in g  a n  e q u ilib 
r iu m  m ix tu re  of a- an d  /?-D-glucose, th e  « -a n o m e r co n ten t of w h ich  w as ca l
c u la te d  from  th e  d a ta  in  T ab le  I .  Since th e  r a te  o f  m u ta ro ta tio n  is p H -d e p e n d -

Table I

Equilibrium  and rate constants o f the mutarotation of a-D-glucose 
(literature data)

K m  =  1.762 [3]

k —m  =  *=-m,0 +  k —m ,H + [H + ] +  k — m ,O H ~ [OH Is 1

10<fc_m,0 10s fc_ m ,H + k - m .O H — T e m p era tu re

0.638* 1.914* 170.1* 20 °C [3]

1.60 4.30 162.5 [15]

2.72 ±  0.009 6.672 ±  0.192 25 °C [16]

* Value calculated from the m utarotation coefficient w ith K m.

e n t ,  w e also used  p H -m e try  fo r our in v e s tig a tio n s , m aking  use o f  a  v a r ia n t  
o f  th e  d iffe ren ce-p o ten tio m etric  m e th o d  dev e lo p ed  earlier [18]. In  o u r p re se n t 
c o m m u n ic a tio n  we re p o r t  on th e  d e te rm in a tio n  of th e  s ta b il i ty  c o n s ta n t 
o f  th e  1 : 1 D -g lucose-bo ra te  com plex a n d  o f  th e  ra te  co n stan t o f th e  p y ra n o s e -  
fu ra n o se  conversion o f  glucose w hen lin k e d  to  bo ra te .
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Experimental

M aterials

Boric acid was recrystallized three tim es from  water. D-Glucose was o f analytical 
purity, dried to constant m ass a t 105 °C; reagents o f  analytical purity were used.

The glucose stock solutions were allowed to stand at room  tem perature for 48 h before 
use. In  this w ay the solutions contained an equilibrium  m ixture o f the a- and /?-anomers.

• M easuring technique

M easurements were m ade at 25 i  0-1 °C. The pH  was m easured w ith  a R adiom eter  
pH m 4 instrum ent, b y  m eans o f  a Radiom eter G 200B glass electrode and an Ag/AgCl/15 
m m ol/dm 3 NaCl reference electrode, connected by a 15 m m ol/dm 3 sodium  perchlorate salt 
junction . The change w ith  tim e o f the electrom otive force (e.m .f.) was recorded w ith  a potentio- 
graph Model Metrohm E 536, to  which a Metrohm E A 109 glass electrode and the reference 
electrode described above were connected. During m easurem ents a nitrogen stream , free o f 
acid and base traces, was passed through the solution.

In  the k inetic experim ents the pH  of a boric acid -borate  solution o f about pH  9, 
containing 20 m m ol/dm 3 to ta l boron, was accurately m easured. N ext, to 25.0 m L o f this 
solution there was added 10.00 m L  of glucose stock solution  in  one portion; in the resulting  
solution which contained 5.70 m m ol/dm 3 of total glucose, the change in e.m .f. was recorded 
at a sensitiv ity  o f 0.2 m V/m m  and a speed of 80 m m /m in w ith  the glass electrode.

During the parallel experim ents the initial pH  values varied betw een 9.21 and 8.15. 
Ionic strength  was adjusted in each case w ith sodium  perchlorate to 1.5 • 10 ~2. The results of 
one o f these experim ents are show n in Fig. 1.

The response tim e o f  th e  measuring chain was checked by adding, under identical 
conditions, instead o f the glucose solution, 10.00 m L  of boric acid solution o f 30 m m ol/dm 3 
concentration, or D-sorbitol solution  of 6.2 m m ol/dm 3 concentration (the borate com plex of 
the la tter  is formed instantaneously) to the initial boric acid-borate solution. I t  can be seen from  
Fig. 1 th at 2 3 s  after the add ition  the measurable e .m .f. did not change anym ore under such 
conditions.

In  the case o f higher e.m .f. changes, the settling tim e o f  the electrode potentia l rapidly  
increased even w hen boric acid w as added. M oreover, the concentration of boric acid could  
not be increased in  order to  prevent the formation o f polyborate ions [19]. H igher glucose

Fig. 1. Change o f the e lectrom otive force as a function o f tim e m easured w ith  a glass electrode  
in  25 m L  of boric acid-borate so lution  o f pH  9, on the addition  of 10 m L o f one of the following  

reagents: (a) 20 m m ol/dm 3 D-glucose solution; (6) 6.2 m m ol/dm 3 D-sorbitol solution;
(c) 30 m m ol/dm 3 boric acid solution
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con cen tra tion s could not be em ployed  either, because w e w ished to work under conditions 
p erm ittin g  only the form ation o f th e  1 : 1 com plex [11]. Thus all the experim ents were carried 
o u t u n d er  th e  conditions described above.

S in ce  small e.m .f. changes w ere m easured, particular atten tion  was paid to  reproduc
ib ility . O n the basis o f six  parallel experim ents it  was found th a t the deviation o f  th e  de.m .f. 
v a lu es belonging to the several p o in ts o f  tim e was at t >  5 s less than 0.2 mV.

T he e.m .f. changes were converted  b y  means o f N ernst’s equation to pH  changes (zlpH).
T h e  pH  of the starting boric acid -borate solution w as measured w ith  an accuracy of 

± 0.01  p H  un it (calculated from  9 m easurem ents). I t  should be m entioned th a t th e  buffer 
so lu tio n s used  for the calibration o f  th e  pH -m eter were also stirred in  the course o f  adjusting  
th e  in strum ent, because a difference o f p H  0.01 was found betw een the stirred and unstirred  
boric acid -b orate  solution. A sim ilar effect has been reported and explained in the literature [20].

F o r  the determ ination o f  the protonation constan t o f boric acid in  a so lution  of 
1.5 • 1 0 - 2  ionic strength, the so lu tion  containing 5.00 m m ol d m “3 of boric acid and 15 m m ol 
d m -3  o f  sodium  perchlorate w as titra ted  w ith  15.0 m m ol/dm 3 sodium  hydroxide solution , 
proceed ing  further as described in  an  earlier com m unication [21]. As a result a value o f  log  ß no~  
— 9 .18  ±  0.03 was obtained.

T he values of standard dev ia tion  given  in the present work (w ith indication o f  th e  num 
ber o f  m easuring data), and the reliab ility  o f the single num erical results refer to  a signifi
cance lev e l o f 1 — p  =  0.95.

Sym bols

H B , B -  
ocGp, ß G p ,
ß l l O

é u
Рои

boric acid and the [tetrahydroxoborate]-ion; 
aG f a- and /S-glucopyranose and a-glucofuranose;

[H B] [В - ] -1 [H + ]“ 1 protonation  constant o f boric acid; 
stability constant o f th e  a-D -glucopyranose-borate com plex (Table II); 
apparent stab ility  con stan t o f  the a-D-glucose—borate com plex (Table II); 
equilibrium constant o f  the m utarotation of glucose (Table I); 
equilibrium constant o f  the form ation o f the tw o kinds o f a-D -glucose-borate  
com plex (Table II);
f ir s t  order ra te  c o n s ta n t  o f th e  m u ta ro ta tio n  o f a- an d  /З-D-glucose, re sp ec tiv e ly ; 
ra te  co n stan t o f th e  co n v ersio n  of a -D -glucopyranose—b o ra te  in to  a-D -glucofura- 
n o se -b o ra te ;
apparent rate constan t o f  the preceding reaction (cf. Eq. (18)); 
reaction, tim e, s;
refer as subscripts to: th e  equilibrium  state before the m ixing of the glucose and 
borate solutions; the m om ent o f m ixing; the new  equilibrium  established on term i
nation of m V-change; and finally , to the solution containing all th e  existing  
forms in equilibrium  concentration, respectively; 

i  subscript referring to  an arbitrary m om ent o f tim e (t0 <  (,• <  te);
CB, Cq , Ca the total concentration  o f boron, glucose and sodium  hydroxide, respectively, 

measured in the solution ; (under the given pH  conditions, the N aO H  concentra
tion is identical w ith  the tota l concentration o f the anions containing boron).

« . . .
« G B

k —m
^GB

k *

t
*, o , e, o o

Table II

Constants describing the ot-H-glucose-borate complexing reaction at 25 °C 
and 1.5 • 10“ 2 ionic strength, measured in solutions between p H  8.0 and  9.2

S ym bol a n d  d e fin itio n C o n stan t

ßPn  =  [aGPB - ] [ a G p ] - 4 B - ] - ' logjSPn =  1.62 ± 0 .0 9

« G B  =  [a G fB -]„ [a G PB “] - i log K Q B  =  1.09 ±  0.15

ß'on —  +  « G ß ) l o g # ,n  =  2.74 ± 0 .0 5

^gb =  ^ о в ,о н ~ [О Н - ] ^GB, OH~ == -J- 410 s - 1
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E v a lu a tio n  o f  the m ea su red  data

F i g .  2 .  s h o w s  t h e  r e a c t i o n  e q u i l i b r i a  w h i c h  m a y  a f f o r d  a n  e x p l a n a t i o n  o f  t h e  e x p e r i 
m e n t a l  d a t a  i n  F i g .  1 .

D e p e n d i n g  o n  t h e  w a y  o f  i n t e r p r e t i n g  t h e  e q u i l i b r i a  a t t a i n e d  i n  a b o u t  1 8 0  s  i n  a  s o l u t i o n  
c o n t a i n i n g  g l u c o s e  a n d  b o r a t e ,  v a r i o u s  v a l u e s  o f  t h e  s t a b i l i t y  c o n s t a n t  o f  t h e  c o m p l e x  c a n  b e  
d e r i v e d  f r o m  t h e  e q u i l i b r i u m  e . m . f .  c h a n g e  b e l o n g i n g  t o  t i m e  te.

PG p

o G p  -f- B" « G p B ~

Am =

A GB = f«Qfn~U
[KGpR-]^

«G fB -

F ig . 2 .  E q u il ib r ia  e s ta b l is h e d  in  d ilu te  so lu tio n s  c o n ta in in g  D -glucose a n d  b o r a t e  io n  ( B _)

W i t h  t h e  a s s u m p t i o n  t h a t  i n  1 8 0  s  a l l  t h e  r e a c u u n »  s n o w n  i n  F i g .  2  h a v e  a t t a i n e d
e q u i l i b r i u m  s t a t e  ( t h u s ,  a c c o r d i n g  t o  t h e  s y m b o l s  u s e d  t e =  t „ ) :

C r  =  [ B - ] e ( l  +  A , 0 [ H + ] ,  +  f t , ,  [ a G p ] , )  ( 1 )

Ca  =  [ « G P J « (1  +  K m +  & „ [ B - ] e) ,  ( 2 )

a c c o r d i n g  t o  t h e  t h e o r e m  o f  e l e c t r o n e u t r a l i t y ,  i n  t h e  p H  r a n g e  i n v e s t i g a t e d  w e  h a v e :

C A =  [ B - ] e ( l + & ,  J a G p l e ) .  ( 3 )

S i n c e  t h e  c h a n g e  i n  p H  i s  s m a l l ,

C B - C A =  [ H B ] , =  [ H B ] e ,  ( 4 )

a n d  d i v i d i n g  E q .  ( 3 )  b y  С д  w e  o b t a i n  [ 1 8 ] :

n u m  l o g  J p H ,  =  1 - ) -  f t n I « G p ] , .  ( 5 )

S o l v i n g  o f  t h e  r e l a t i o n s  ( 1 ) — ( 5 )  r e s u l t s  i n  l o g  f t u  =  2 . 3 8 ,  t h i s  v a l u e  b e i n g  i n  a g r e e m e n t  w i t h  
d a t a  c i t e d  i n  t h e  l i t e r a t u r e  [ 1 3 ,  1 4 ] .

A  d i f f e r e n t  r e s u l t  i s  o b t a i n e d  i f  i t  i s  a s s u m e d  t h a t  i n  t h e  g l u c o s e  s o l u t i o n  c o n t a i n i n g  a n  
e q u i l i b r i u m  m i x t u r e  o f  t h e  a -  a n d f t a n o m e r e s ,  u p o n  t h e  a d d i t i o n  o f  t h e  b o r a t e  i o n  t h e  p y r a n o s e -  
f u r a n o s e  c o n v e r s i o n  o f  t h e  c o m p l e x  p r o c e e d s  a t  a  c o n s i d e r a b l y  h i g h e r  r a t e  t h a n  m u t a r o t a t i o n ,  
w h i c h  i s  s l o w e d  d o w n  u n d e r  s u c h  c o n d i t i o n s  s o  t h a t  i t s  c h a n g e  i s  n e g l i g i b l e .  T h u s ,  t h e  c e a s i n g  
o f  t h e  e . m . f .  c h a n g e  s h o w n  i n  F i g .  1  h a s  n o t  b e e n  c a u s e d  b y  t h e  a t t a i n m e n t  o f  t h e  f i n a l  e q u i l i b 
r i u m  s t a t e ,  b u t  o n l y  b y  t h e  t e r m i n a t i o n  o f  t h e  m o r e  r a p i d  r e a c t i o n  ( t ,  <  » „ ) .  N o w

Cq  -  [ y S G p ] ,  =  [ a G p ] ,  =  [ a G P ] e ( l  +  f t „ [ B - ] t ) ,  ( 6 )

a n d  u s i n g  E q .  ( 6 )  i n s t e a d  o f  E q .  ( 2 ) ,  t h e  a b o v e  c a l c u l a t i o n  r e s u l t s  i n  l o g  ß'all —  2 . 7 4 .
T h i s  l a t t e r  r e s u l t  i s  s u p p o r t e d  b y  t h e  f o l l o w i n g  c o n s i d e r a t i o n :  i f  t h e  t o t a l  q u a n t i t y  o f  

b o u n d  g l u c o s e  i s  c a l c u l a t e d  f o r  t h e  p o i n t  o f  t i m e  fe :

[ a G P B - ] e  +  [ a G f B - ] e  =  & u [ B - ] e  [ a G p ] ,  ( 7 )
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and w e  calculate as if  the q u an tity  o f  [aG p]t  at the poin t o f  tim e i 0 were to dim inish b y  this 
q u a n tity , the change of [/?Gp] during 180 s in a solution o f  9 p H  would am ount to a to ta l of 
14%  on  th e  basis o f the rate eq u ation  [17] o f the m utarotation  o f glucose. Since the increase 
in  q u a n tity  o f hound glucose is n o t  instantaneous, bu t a tim e reaction taking place during the  
sam e 180 s period, m utarotation can  actually  be neglected under th e  given experim ental con
d ition s, as compared w ith  the rate  o f  the pyranose-furanose conversion in the com plex.

T his was further supported b y  a m ore detailed k inetical investigation  o f the reaction. 
P resu m in g  that, notw ithstanding th e  aforesaid, the rates o f  th e  tw o reactions show n in Fig. 
2 are com parable, and of the tw o  k inds o f glucose-borate com plexes that o f the furanose  
ty p e  is considerably more stab le th en  the other, the follow ing schem e can be w ritten:

/Cm /сов
ß G p  ^ = t  ocG pB ------> ocGfB-

/Cm

k' —
m _  f l u ! » - ]  ’
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(8)

(9)

A t co n sta n t borate concentration E qs. (8) and (9) hold true. T hough the borate concentration  
is changin g  w ith tim e under our experim ental conditions, th e  curve can be partitioned into  
sh ort section s, within which th e  concentration can be considered constant. A pplying the  
B od en stein  principle separately to  each of these sections, w e have:

-d[0t^ B ~ ] =  km[ßG V] -  k l m[a G p B -] -  kCB[a G f B - ] . (10)

T he v a r io u s m om entary concentrations can be calculated b y  the repeated use o f B odenstein’s 
princip le; thus reducing Eq. (10) in  the usual way [17] w e obtain:

= * --------~г7 [/?Gp] =  fc'[/?Gp] . (11)
си i- 1 I K — m

T he num erical solution o f Eq. (1 1 ) y ields the individual к' constants, the values o f which  
dep en d  on  the m om entary borate concentration. In  the pH  range investigated  Сд [В - ]* 
and hence:

[В " ],
CA _

[num log
(12)

U sin g  E q s (9), (11) and (12), Uqq can be calculated on th e  basis o f the k\ — [B _ ](- function , 
i f  th e  m odel used for the descrip tion  o f the reaction has been  correct. H owever, a negative  
v a lu e  w as obtained for the rate co n sta n t calculated in th is w ay, which is inconsistent w ith  
E q. (10), and hence indicates th a t  the reaction proceeds according to  another schem e than  
th e  se lec ted  one.

N e x t, the model was in v estig a ted  according to w hich on ly  the pyranose-furanose con
versio n  o f  the com plex proceeds during the tim e te under th e  given reaction conditions, while 
th e  concentration  of /1-D-glucose practica lly  remains unchanged.

In  the case o f a first order reaction  leading to equilibrium , the conversion o f any o f the 
com p on en ts (X ) can he described b y  th e  relationship:

In X 0 -  X e 
X , - X e

k t , (13)

w here X 0 is the total concentration  o f  th e  substance, since it  has been assum ed in the deduction  
o f  E q . (13) that the pure X  m odification  is present in  the so lution  at the m om ent te [17]. The 
to ta l concentration of the g lu cose-b orate  com plexes changes from  second to second, and the  
v a lu e  g iven  in Eq. (7) is only a tta in ed  on term ination of the reaction . Before th is, on the basis 
o f  E q s (3) and (12):

<I„GPB -] +  I““ » '» -  -  C* (‘ - •
(14)
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In Eq. (13) the m om entaneous values of [aG pB - ] are su bstitu ted  for X,-. The [aGp]^ values  
needed for this are, from  E qs (6) and (14), the follow ing:

[aG p], =  [aG p], — CA ( l  —
nu m  log <dpHf )• (15)

As the equilibrium  concen tration  X e can be expressed w ith  the help of the total concentration  
and the equilibrium  con sta n t, in the case o f g lu cose-b orate  com plexes К ов, it  can be w ritten  
on the analogy of E q. (13):

Since

In I +  K gb
_______ [<*GpB-]f_______
( [« G p B -]  +  [« G fB -]),

1
1 +  K tOB

(16)

1 +  K aB = ßon

by substitu tion  of E qs (14) and (15) and by d ividing b y  /ЗР,, E q_ (16) can be w r itten  in  the  
follow ing form:

In

where the term

[aG p], +  CA ^ -■)num  log АрЩ  ~ I ____ 1 _  _  , ( _ 1 _______ 1__\ _
num  log  rlpH; — 1 ß'0ll “ U p,, ß'0 I I )

ßouк* =  fc
ß'on ß%n

(17)

(18)

is o f constant value, determ ined  by the rate and sta b ility  constants, and can be regarded as 
the apparent rate con stan t.

\

Fig. 3. D eterm ination o f  the constants characterizing th e  D-glucose-boratc reaction b y  changes 
in the e.m .f. data, о  M easured data. Calculated curves: (a) log /?P,, =  1.62; кон -  =  4120 s - 1 ; 

(6 ) lo g £ P ,, =  1.30, k $ H- =  5000 s - ‘; (cJ lo g /lP ,, =  1.55, fcGB =  3.18 ■ 10~* s - ‘
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On p lotting the m easured data according to E q. (17), k* and /?РИ can be calcu lated . 
T he k* values obtained changed slightly as a fu n ction  o f the reaction tim e, and  thu s  

o f  th e  p H . W e have assum ed th a t th is is caused b y  th e  pH -dependence of feQB. T he m easured  
data  co u ld  be w ell interpreted b y  hydroxide ion  ca ta lysis

к* =  Ь б н -[О Н -]

in th e  8 .0  —9.2 pH  range in v e stig a ted /
T ab le  II  contains the constants determ ined, and F ig . 3 shows the agreem ent o f  func

tio n s ca lcu lated  w ith  th e  assum ption of various constan ts.

D iscussion

O u r re su lts  h ig h lig h t th e  fa c t th a t  in  th e  p H -m e tr ic  d e te rm in a tio n  o f  th e  
s ta b i l i ty  c o n s ta n ts  o f c a rb o h y d ra te -b o ra te  co m p lex es i t  is only  th e  c o n s id e r
a t io n  o f  a ll th e  eq u ilib ria  a n d  th e  k in e tic a l e v a lu a tio n  of th e  m easu red  d a ta  
t h a t  c a n  y ie ld  u n eq u iv o ca l re su lts . I t  can  be seen  fro m  Fig. 1 th a t  a f te r  th e  m ix 
in g  th e  so lu tio n s  o f D-glucose an d  b o ra te , th e  p H  change, w hich is p ro p o r tio n a l 
to  th e  e .m .f. change m easu red , is ra p id  in  th e  beg inn ing , and  d u rin g  a b o u t  
180 s th e  reac tio n  is a p p a re n tly  te rm in a te d . A c tu a lly , only th e  m o re  ra p id  
a -D -g lu co p y ran o se—b o ra te  —»- a-D -g lucofuranose—b o ra te  conversion ta k e s  p lace  
d u r in g  th is  tim e . A fte r th is , th e  reac tio n  c o n tin u e s  a t  th e  ra te  of th e  m u ta ro ta -  
tio n  o f  g lucose, u n til  th e  f in a l equ ilib riu m  s ta te  h a s  been a tta in e d . A cco rd in g  
to  o u r  ca lcu la tio n s , in  th e  system  show n in  F ig . 1 th e  e.m .f. c o n tin u e s  to  
c h a n g e  b y  ab o u t 6 mV, b u t  th is  reac tio n  re q u ire s  a lready  m ore th a n  1 h o u r .

O u r d a ta  su p p o rt th e  assu m p tio n  o f K e n n e d y  and H ow , m ad e  o n  th e  
b a s is  o f  ^B -N M R  in v e s tig a tio n s  [8], a cco rd in g  to  w hich th e  p resen ce  o f  a 
sm a lle r  q u a n t i ty  o f g lu co p y ra n o se -b o ra te  co m p lex  besides th e  co m p lex  o f  
fu ra n o se  co n fo rm atio n  c a n n o t be exc luded ; th e y  also su p p o rt th e  JH -N M R  
m e a su re m e n ts  of A r o n o ff  et al. [11], in d ic a tin g  th a t  th e  s ta b il i ty  o f  th e  
D -glucose—b o ra te  com plex  is h igher th a n  th e  v a lu e  pub lished  so fa r  in  th e  l i te r 
a tu r e .

F ig . 4 show s th e  m echan ism  assum ed  b y  us fo r th e  p y ran o se—fu ra n o se  
c o n v e rs io n  in  th e  a-D -g lu co se-b o ra te  co m p lex , w here  use was m ad e , b esides 
th e  k in e tic  d a ta  described  above, also of th e  f in d in g s  of D ale  [22] co n ce rn in g  
th e  s te re o c h e m is try  o f b o ra te  com plexes a n d  th e  resu lts  of A r o n o f f  et al.
[11]. T h e  d riv in g  force o f th e  conversion is th e  considerab ly  m ore fa v o u ra b le  
s p a t ia l  a rra n g e m en t o f th e  fu ranose  com plex  (in  th e  pyranose form  one В  — O H  
a n d  th e  C3—H  groups g e t v e ry  close to  one a n o th e r) . The re a c tio n  c a n n o t 
p ro c e e d  th ro u g h  th e  open  a ldehyde  fo rm , as is  th e  case in  m u ta ro ta t io n  ( th is  
is e x c lu d e d  also b y  th e  d iffe ren t values o f  th e  ca ta ly sis  c o n stan ts), b ecau se  
th e  C j-anom eric  oxygen  o f glucose is lin k e d  to  b o ron . The occurrence o f  th e  
h e te ro ly s is  o f th e  Cx—0 (C 5) bo n d  in  th e  m o m e n t o f reaction  is m ore  lik e ly ; 
th e  p o s itiv e  charge re m a in in g  on carbon  Cx is com pensated  b y  th e  n e g a tiv e
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Fig. 4 . Suggested m echanism  o f the p y ranose-fu ranose  conversion  o f th e  a-D -g lucose-borate  com plex
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c h a rg e  o f boron. I t  h a s  b e e n  show n in our ea rlie r w o rk  [23] th a t  in  p o ly a lco h o l- 
b o r a te  com plexes th e  f ie ld  effect of th e  n e g a tiv e  charge  of bo ron  in h ib its  
th e  h y d ro x id e -ca ta ly sed  re a c tio n s  of alcoholic h y d ro x y l g roups over a d istance  
o f  a b o u t  0.4 — 0.5 nm . In  th e  glucose co m p lex  th e  d is tan ce  be tw een  boron  
a n d  th e  C4-oxygen is a b o u t  0.6 nm , how ever, th is  h y d ro x y l group is lo ca ted  
in  a  sh ie lded  position , on  th e  opposite  side o f  th e  g lucose ring , hence th e  form  
o f  h y d ro x id e  ion c a ta ly s is  sh o w n  in Fig. 4 a n d  m a d e  ve ris im ila r b y  th e  k in e tic  
d a ta ,  m a y  tak e  p lace. A f te r  th e  d isso tia tion  o f  th e  C4—O H  p ro to n  th e  fu ranose  
fo rm  can  be co n s tru c te d  b y  sim ple ro ta tio n  also  on a S tu a rt-B rieg leb  m odel.

I t  has been in d ic a te d  in  th e  in tro d u c tio n  t h a t  ea rlie r researchers [1, 2, 4] 
c o n c lu d e d  th e  fu ranose  co n fo rm atio n  of th e  D -glucose—b o ra te  com plex  from  
th e  fa c ts  th a t  its  e le c tro p h o re tic  m obility  a n d  m easu rab le  s ta b ili ty  c o n s ta n t 
w e re  closer to  th e  re sp e c tiv e  d a ta  of th e  b o ra te  com plex  o f cy c lo p en tan e-1 ,2- 
d io l (log ß on =  1.41, 25 °C [4]), th a n  to  t h a t  o f c is-l,2 -cyc lohexaned io l 
( l° g  ß o n  =  0.0, 25 °C [4]; 0 .28 , 33 °C [24]). T h is  conclusion  on th e  s tru c tu re  
o f  th e  com plex p roved  to  b e  co rrec t. I t  is in te re s tin g  th a t  a c tu a lly  th e  s ta b ili ty  
c o n s ta n ts  of the  a -D -g lu co p y ran o se-b o ra te  co m p lex  (/?ош T ab le  I I )  lies closer 
to  t h a t  of cy c lo p en tan ed io l—bo ra te .

B o ra te  com plexes o f  five-m em bered  cyclic  diols h av e  h igher s ta b ili ty , 
i f  th e r e  is an oxygen a to m  in  th e  ring  in s te a d  o f  ca rb o n , a d ja c e n t to  th e  diol 
g ro u p . T his conclusion is e v id e n t from  a co m p ariso n  of th e  s ta b ility  of p e n to se -  
b o r a te  com plexes [12, 15] w ith  th a t  of c is-cy c lo h ex an e-l,2 -d io l. T he s ta b ili ty  
o f  th e  a-D -glucopyranose—b o ra te  com plex in d ic a te s  th a t  th is  ru le  is even 
m o re  pronounced  in  th e  case  o f six-m em bered  cyclic  diols. In  our op in ion  th is  
p h en o m en o n  is p a r t ly  c a u se d  b y  the  anom eric d ipo le  effect [3, 5], w h ich  s ta b i
lizes  th e  axial position  o f  th e  C4 oxygen in  D -glucose, as com pared  w ith  cyclo- 
h ex an ed io l. This effect is s t i l l  m ore p ronounced  in  th e  b o ra te  com plex, because 
a  n e g a tiv e ly  charged  s u b s t i tu e n t  is a tta c h e d  to  th e  Cx — О group . O n th e  o th e r 
h a n d ,  th e  oxygen h e te ro a to m  is more fa v o u ra b le  also from  th e  asp ec t of 
1 ,3 -in te rac tio n , as i t  h in d e rs  less the  axial  p o s itio n  o f one of th e  n o n -bond ing  
В  — O H  groups w ith  re sp e c t to  th e  ring, th a n  th e  m e th y len e  group o f id en tica l 
p o s it io n  in a cy c lo p ara ffin  ring .

»

The author’s thanks are due to Professor J. Sz e jt l i  for directing his atten tion  to the 
problem  studied, and for p o in tin g  out the practical aspects o f th is research.
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Earlier in the course o f a stu d y  of the reactiv ity  o f th e  4-m ethylene group  
o f l,4 -d ih yd ro-3(2 ii)-isoq u in olin on es we found [1] for the 1-aryl derivative th a t  
it  reacted w ith  arom atic aldehydes in the presence o f sodium  hydride or th e  
likew ise strongly alkaline AvRAMOFF-reagent [2], to  be converted, possib ly b y  
hydride ion m igration and v ia  the 4-benzylidene d erivative , in to  4-aryl-m ethyl- 
3-isoquinolinol. The 4-benzylidene derivative could he isolated  under proper 
experim ental conditions. Sodium  ethoxide was found unsuitab le for effecting  
th is  reaction. A role played b y  the hydrogen attached  to  the lactam -nitrogen  
w as suggested by the fact th a t th is reaction failed to  occur w ith  the iV-m ethyl 
d erivative o f the parent com pound.

A well known m ethod o f preparing a-dioxo com pounds consists in  con
vertin g  the m ethylene adjacent to  the keto group in to  oxim e by m eans o f in 
troducing a hydroxyim ino group, from the oxim e th e  oxo group is then  readily  
form ed. This reaction w as utilized  by D ecombe [3] for th e  transform ation of 
th e  m ethylene group in  position  4 o f 1 ,3-dioxo-tetrahydroisoquinoline.

W e stu d ied  w h e th e r  th e  m eth y len e  a t  p o s itio n  4 o f  l-p h e n y l- l,4 -d ih y d ro -  
x y -3 (2 Ji)-iso q u in o lin o n e  can  be  m ade to  re a c t w ith  b u ty l  n i t r i te  in  th e  p resence 
o f  p o ta ss iu m  t-b u to x id e , a n d  fo u n d  th a t  th e  4 -h y d ro x y im in o  d e riv a tiv e  cou ld  
be  iso la te d  in  good y ie ld s . T h is  p ro d u c t w as a m ix tu re  o f  th e  Z  and  E  isom ers, 
w h ich  could  be s e p a ra te d  b y  ad so rp tio n  c h ro m a to g ra p h y .

T h e  q u estio n  w as ra ise d  w h e th e r th e  h y d ro g e n  a t ta c h e d  to  th e  la c ta m - 
n itro g e n  w as indeed  n ecessa ry  fo r th is  reac tio n  to  occu r. W e fo u n d  th a t  th e  
re a c tio n  also p roceeded  w ith  th e  JV-methyl d e r iv a tiv e  a n d  in  th is  in s tan ce , to o , 
a m ix tu re  o f th e  Z  a n d  E  isom ers w as o b ta in ed . S u ch  m ix tu re s  o f th e  s te reo 
iso m ers  w ere also o b ta in a b le  from  deriv a tiv es  t h a t  h a d  a n itro g ro u p  or a ha lo -

* To whom  correspondence should be addressed.
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Table 1

4-H ydroxyim in o-l,4 -d ih ydro-

R. R. R» R. R. R. E m p ir ic a la fo rm ula

1

2
H CßH; H H H H ^ 1 5 ^ 1 2 ^ 2 ^ 2

3

4
CH3 CaII5 H H H H C16H 14N 20 2

5 H CeH 6 H H H CH3 c 13h 14n 2o

6

7
CH3 H H H H H C io H 10N 20 2

8

9
CH3 3’-N 0 2-C6H 4 H H H H C !.h 13n 3o 4

10 H 2’, 6’-dichlo- 
ro —CeH 3 H H H H c 16h 10n 2o 2c i2

11

12
H CeH 5 C H = C H - C H  =  CH H H CieH14N 20 2

13 H CeH 6 H H C H =C H CH =  CH Ci9H14N 20 2

“ A ll compounds were analyzed  for C, H , N  w ith  results o f at least 0.4%  accuracy.
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R" NOH

r 5xA
R 1"lyjl\  г

R 3 R 2

3 (2 1 1 )-isoquinolinones

Iso m e r M . p. (°C)b I R °  (K B r )  c m - 1 ■H— N M R 4 (p p m )

OH chelat., 1660 - C O - N H - , C , - H 5.91 (d); C6- H 7.90 (m)
z 1 6 7 -1 6 8 1058, 1028, 963 N  — 0 (H ) N - H 9.75 (d); OH 15.65 (s)

E 1 9 4 -1 9 5 OH: broad, 1620 - C O - N H - , C j - H 5.80 (d); C6- H 8.42 (m)
1595 arom at., 1028, 998 N - O ( H ) N - H 9.00 (d); OH 12.47 (s)

OH chelat., 1620 - C O - N H - , Cj— II 5.50 (s); C5- H 8.06 (m)
Z 118 119 1040, 972, 963 N - O ( H ) N - M e 2.97 (s); OH 16.00 (s)

E 1 7 3 -1 7 6 OH: broad, 1655 — C O - N H - , Ci — H 5.48 (s); C5- H 8.95 (m)
1598 arom at., 1020 —N —O(H) N  — Me 3.06 (s)

E 2 1 4 -2 1 5
O il: broad., 1670 - C O - N H - , Ct—II 6.57 (s);

OH 9.05
1600 arom at., 1030, 992 N O(H) A r—Me 2.29 (s);

OH chelat., 1642 CO N11 , Cj II 3.63 (s); C5- I I 8.02 (in)
Z 1 4 8 -1 5 1 1055, 965 N — O(H) N - M e 3.16 (s);

E 1 7 1 -1 7 3 OH broad, 1670 CO N 1 1 - , C, H 4.55 (s); C5 H 8.65 (m)
1592 arom at., 1022 N - O ( H ) N —Me 3.16 (s)

OH chelat., 1630 - C O - N H  ,
Z 189 193 1055, 960 N - O ( H )

E 2 2 1 -2 2 2 OH broad., 1678 - C O - N H  - ,

1600 arom at., 1024 N —O(II)

2 3 8 -2 3 9
OH broad, 1690 - C O  N H —,
1595 arom at., 1028, 996 N -O (H )

OH chelat., 1650 CO N H  , C ! - H 6.50 (d);
OH 15.79 (s)Z 2 3 8 -2 3 9 1047, 1040, 984 N - O ( I I ) N II 10.07 (d)

E 2 0 6 -2 0 8 OH broad, 1660 —CO—N H —, 
1070, 995 N - O ( H )

Z 1 9 6 -1 9 8
OH chelat., 1662 - C O - N H - ,  
1100,1025, 960, 930 N - O ( H )

C , - H
N - H

5.75 (s); 
9.55 (d)

OH 15.42 (s)

b Uncorrected m elting poin ts, capillary-tube m ethod.
0 The IR  spectra were recorded w ith a Perkin—Elm er 377 spectrom eter; sam ples in  K Br

pellets.
d The NM R spectra were recorded w ith a Jeol F X -100 spectrom eter.
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g en  a to m  on th e  1 -ary l g ro u p , an d  also w hen  n o  s u b s ti tu e n t  w as p re se n t a t  
p o s i t io n  1. Processing o f  th e  c ru d e  p ro d u c t o b ta in e d  from  th e  re a c tio n  w ith
l - ( 3 ’-n itro p h en y l)-l,4 -d ih y d ro -3 (2 IT )-iso q u m o lin o n e  y ie lded  b o th  isom ers as 
p u re  com pounds. A cco rd in g  to  TLC, also th e  re a c tio n  o f th e  l- (2 ’, 6’-d ichloro- 
p h e n y l)  deriv a tiv e  gave tw o  p ro d u c ts , b u t here  o n ly  th e  E  isom er w as iso la te d  
in  p u re  s ta te . The re a c tio n  o f  b u ty l  n itr ite  w ith  l,4 -d ihydro -3 (2 IT )-isoqu ino li- 
n o n e  n o t  su b s titu te d  a t  p o s i t io n  1 gave a p ro d u c t, th e  c ry s ta lliz a tio n  o f  w hich  
y ie ld e d  th e  E  isom er. T r e a tm e n t  of th e  c ru d e  p ro d u c t  w ith  d iazo m e th an e  
r e s u l te d  in  th e  m e th y la tio n  o f  th is  isom er a n d  th e  Z  isom er could  th e n  be  se
p a r a te d  b y  c ry s ta lliza tio n .

M olecular m odels c le a r ly  show  th a t  s ta r t in g  f ro m  a 5 -su b s titu te d  iso q u i
n o lin e , s te ric  h ind rance  sh o u ld  lead  to  th e  ex c lusive  fo rm a tio n  of o n ly  one, o f th e  
iso m e rs  (Z). In  spite  o f th i s ,  in  th e  reaction  p ro d u c t  o f l-p h e n y l-5 -m e th y l- l,4 -  
d ih y d ro -3 (2 if)- iso q u in o lin o n e  on ly  th e  E  iso m er cou ld  b e  d e tec ted  a n d  w as 
is o la te d  in  pure s ta te . T h is  su g g ests  th a t  th e  m e th y l  g roup  is n o t a s ig n ifican t 
o b s ta c le . H ow ever, th e  e x p e c te d  steric  h in d ran ce  w as m an ifest in  th e  case o f  th e  
l-p h en y l-l,4 -d ih y d ro -3 (2 1 T )-b en £ o  [/] iso q u in o lin o n e ; in  its  reac tio n  on ly  one: 
th e  Z  isom er was p ro d u ced . W h en , in  c o n tra s t, th e  iso n itro sa tio n  re a c tio n  was 
p e rfo rm e d  w ith  benzo [ft] isoqu ino linone , also th e  o x im e isom er E  w as reco v e ra 
b le  b esides th e  Z  isom er.

T h e  s tru c tu res  g iv en  fo r  these  com pounds a re  su p p o rte d  b y  re su lts  of 
e le m e n ta l analysis, in f ra re d  a n d  N M R sp ec tra ; se v e ra l c h a ra c te ris tic  d a ta  are 
l is te d  in  Table I.
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Advances in  Chemistry, Vol. 44 

E d ito r : B éla  C s á k v á r i  

A kadém iai K iadó, B udapest 1979, 300 pages

Volum e 44 of the series Advances in  Chem istry contains two studies b y  J ó zse f DÉVAY 
one o f the m ost em inent scientists in the field  o f corrosion in  H ungary, w hich are o f  great inter
e st also from the practical point o f  view . The them e o f these studies has been scarcely  discussed  
in  Hungarian technical literature, but even in foreign languages similar com prehensive mono
graphic reviews are rather rare.

The first study o f about 140 pages carries the title  “ P assivity, crevice corrosion, p itting”. 
A ll three sections discuss both  from the theoretical and practical aspect in  a w a y  and at a 
depth w orthy of atten tion  the chem istry o f the relevant processes, causes and  products, the 
m echanism  o f their form ation, their kinds and the m odes of influencing them . In  th is chapter, 
the interpretation of the concept and the phenom ena o f crevice corrosion, m uch  discussed  
earlier, is o f particular interest, as well as the theoretical and practical bases o f  protection  
against this kind o f corrosion. Of similar interest is the investigation o f p ittin g , a subject 
discussed more extensively . H owever, the author discusses very precisely, su cc in etly  and very 
clearly the theory and practice o f pitting, causing m uch damage. As a characterization  o f the 
exten t o f literature covered by the author, 437 references are cited for p assiv ity , 248 for pitting, 
w hile 36 works are cited  for crevice corrosion, which is a relatively high num ber, in  v iew  of 
the fact that crevice corrosion has been scarcely interpreted and investigated  so far.

The title  o f the second part o f  about l6 0  pages o f the volum e is “ Stress corrosion of 
m etals” . The investigation of this kind of corrosion becomes more and more im portant, and 
the study  of its theory and practice com es into prom inence. Such a modern and com prehensive  
review  on the subject did not appear up to the present in Hungarian. The author discusses 
anodic and adsorptive stress corrosion m echanism s, problems of hydrogen em brittlem ent, 
com pares and evaluates stress corrosion theories, discusses system s w ith  a trend to  stress 
corrosion, various types o f stress corrosion tests and the possibilities o f stress corrosion preven
tion. The extensive bibliography m ust also be pointed  out in the case o f th is stu d y : the biblio
graphy at the end of the chapter contains 582 references.

In summary, the two com prehensive studies on corrosion, published in  V ol. 44 of the 
series Advances in Chemistry can be considered as covering a gap both from  theoretical and 
practical aspects, and not only for chem ists, bu t also for researchers and practica l experts 
working in other fields where corrosion m ust be prevented. In the review er’s opinion, these 
studies m erit publication in foreign languages, because both w ith respect to their h igh standard  
and good selection of them e, as well as the com prehensive covering of the su bject, the book 
is thought to be of world-wide interest.

The book is a great asset to H ungarian corrosion literature.
E . B erecz

F rancis A. D o m i n o : Plating o f  Plastics Recent Developments  

Noyer Data Corp., Park Ridge, N .J ., USA, 1979, 385 pages

Already the predecessor of the book (P lating o f Plastics w ith M etals, 1974) has been 
a surprise w itb respect to both  its literary form and the rapidity o f its appearance. T he system 
atic review  o f the patent literature o f a given them e is an immense help for engineers active  
in the field  of applied research. This volum e, follow ing its predecessor after 5 years, character-
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íze s  w ell the acceleration o f tech n ica l developm ent, its e x ten t exceeding by a third that o f 
it s  forerunner.

The plating of p lastics w ith  m etals has been used a few  years before m ainly for decora
t iv e  purposes. Today its field  o f  application is primarily electronics. D evelopm ent is reflected  
b y  th e  increase in the num ber o f  p latable plastics, b y  the au tom atab ility  of the processes 
develop ed  and by the search for m ore economic solutions, sa tisfy in g  at the same tim e increas
in g  technical demands. T hus, a lready the first chapter deals w ith  a very im portant problem , 
w ith  m agnetic coatings. I t  d iscusses ferromagnetic coating a lloys w hich can be used for m eta l
liza tion , and the key problem  o f  th e  plating of plastics, the surface pretreatm ent. Of electro- 
p la tab le  plastics, it  was A B S polym ers that first w ide-spread application, and these were 
fo llow ed  by the polyolefins. T he second chapter treats th e  problem s of plating of these sub
stan ces. Various pretreatm ent m eth ods are discussed again, togeth er  w ith some m odifications  
for th e  electroplating of these  p lastics.

The third chapter sum m arizes the methods of deposition  of aluminium, nickel and  
cob a lt, and of noble m etals as an adhesion aid.

Im portant steps of surface pretreatm ent, sensib ilization  and activation, are discussed  
in  th is  chapter.

The sensibilization and a ctiva tion  of plastics surfaces is the process producing m etal 
cry sta l nuclei at the surface o f ih e  plastics as basis for th e  form ation o f further m etal layers. 
T his group of problems is trea ted  in the fourth chapter. I t  is interesting to note th a t more 
and  m ore processes based on non-nob le metals are developed .

The fifth  chapter discusses electroplatable plastics varieties. In addition to A B S p o ly 
m ers and polyolefins, p o lystyren e , polyamide and -im ide, polyoxym ethylene plastics and  
therm osetting  resins appear. T he electroplating of pretreated plastics surfaces raises several 
tech n ica l problems because o f th e  low  density, heat and so lv en t sensitiv ity  etc., o f plastics. 
T h e s ix th  chapter deals w ith  som e, o f these difficulties. Som e special electroplating problem s, 
as e.g. the  coating of fibres, th e  form ation of composite coatings and the production of print
ed circuits are covered in th is chapter.

The seventh chapter sum m arizes the methods of e lectroless m etal deposition as a pretreat
m en t step . The chapter show s th a t  even today processes based on noble m etals and tin  com 
pounds are m ost often used. T he practical application o f th e  results o f  theoretical research, 
carried out in the last ten  years in  th is field, can be readily  follow ed.

The eight chapter, dealing w ith  electroless copper b ath s, is o f the greatest im portance 
in  th e  electroplating of p lastics. T he other electroless m eta llizing  processes are sum m arized  
in  th e  ninth chapter. The la st chapter contains the p a ten t o f  a few  nonelectrochem ical 
co a tin g  processes.

A t the end of the book o f  385 pages the com panies th a t field  the patents, the nam es of 
th e  inventors and patent num bers cited  in the book are sum m arized.

The volum e gives deta iled  abstracts of patent specifications w ith  the intention of inform 
ing  prim arily researchers, and n o t  p a ten t attorneys, flu en t in p a ten t jargon. After giving the  
t it le  o f  the patent, the nam es o f  th e  applicant and inventors, and the number of the patent, 
i t  sum m arizes the essence of th e  p a ten t and gives exam ples on th e  m ode of application.

In summary, “ P lating o f  P la stics” will he o f great help  o f researchers engaged in the  
d evelop m en t of new plastics p la tin g  processes.

F. H askó

B en d a  W . H i l l : Chemindustry E xper im en ts  

F ra n k l in  In s ti tu te  P re ss , 1979 

V ol. I; 213 pages, Vol. II: 144 pages

The book describes m easurem ents and exercises for th e  laboratory practice o f students in 
chem ical engineering; Vol. I is in ten d ed  for the students, w h ile  V ol. II is a manual for teachers.

A  great merit o f the com pila tion  is the assem bling o f m easuring tasks simple to realize, 
th e  attem p t to link m easurem ents to  industrial problem s, g iv in g  at the same tim e suitable  
practica l background for general theoretical chemical know ledge. The first chapter describes 
laboratory  devices and the m o st sim ple laboratory operations. The organization of the fo llow 
ing  18 chapters is identical. E a ch  chapter begins w ith  a few  exercises, which are to be solved  
b y  th e  students as preparatory w ork for the laboratory (sim ple  calculations, the w riting of
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formulas and chem ical equations, etc.), th is is follow ed b y  the statem ent of the ob ject o f  the  
experim ent, theoretical introduction, listing of the devices and  m aterials needed for the m easure
m ent, labour sa fety  prescriptions, the detailed description o f the experim ent, eva lu ation  of  
results, description o f the relevant calculations, instructions for the preparation o f laboratory  
records, and fina lly , a list o f literature.

A knowledge o f industrial background is alw ays an im portant aspect. T hus, the book  
gives information on chem icals prepared and used in  the largest quantities in Am erican chem 
ical plants, on the industrial processes o f the m easurem ents, discusses associated industrial 
problem s and their possible solution, and econom ical problem s. The m ost im portant m easuring  
tasks (forming each a chapter of the book) are the follow ing: m easurem ent of density; prepa
ration and purification of im portant inorganic com pounds; determ ination o f the fluorine, 
chlorine, bromine, iodine, sulfur and nitrogen content o f  organic compounds b y  com bustion  
m ethod; exercise in gas laws and stoichiom etry by the stu d y  of the reaction betw een calcium  
carbonate and nitric acid; acid — base titrations (citric acid , the acid com ponent o f  hair spray  
and lithium  carbonate serving as m odel com pounds); redox titration  for the analysis o f  drugs 
(according to m onographs o f the U .S. Pharm acopoeia); m easurem ent of the heat o f neutrali
zation of am m onium  hydroxide w ith various acids; determ ination of the order of reaction  and 
reaction rate constant (for the dyeing process of cellulose fibres); determ ination of the equilib
rium constant in esterification; m easurem ent of so lu b ility  product; pH m easurem ent (in 
conjunction w ith a process aimed at the more econom ical m anufacture of citric acid); electro
lysis o f sodium chloride; preparation and analysis o f syn thesis detergents; decom position o f  
chalcopyrite ore (for the recovery of sulfur, copper and iron); identification o f elem ents on 
the basis of their em ission spectra; radiochem ical experim ents (application of a chem ical dosi
m eter); removal o f  toxic trace elem ents from  waste w ater.

In Yol. II the author gives for the teachers the so lution  of the exercises serving as prep
aration for the laboratory, calls the atten tion  to the m istakes made m ots often by the stu 
dents, describes in detail typical laboratory records o f th e  students to facilitate evaluation , 
discusses the preparation of chem icals, devices and instrum ents needed for the laboratory  
exercises.

Owing to the novel industrial concept, the book w ill be a useful aid for educational sta ff  
teaching chem istry at universities. Apparatuses in tu itiv e ly  assembled from sim ple devices 
are very instructive. The sole negative feature of the book published in 1979 is th at it  does 
not use the SI system  of units.

J. N agy

K. H öll: Wasser 

Sechste, neubearbeitete Auflage 

W alter der Gruyter Verlag, Berlin, 1979. 515 Seiten

Die U m w eltverschm utzung birgt eine stets w achsende Gefahr für das gesam te System  
der W asserversorgung in sich. Die Aufbereitung von T rinkwasser in befriedigender Q ualität 
und ausreichender Menge sowie eine Abwasserreinigung, w elche der immer strenger w erden
den Anforderungen entspricht, stehen sowohl m it chem ischen als auch m it biologischen  
und m ikrobiologischen Problemen in engstem  Zusam m enhang. Diese Anschauung spiegelt 
sich im  vorliegenden B uch in dem alle die U ntersuchung und Charakterisierung des W assers 
betreffenden, untrennbar zusam m enhängenden K enntn isse  gemeinsam behandelt werden.

In Teil 1 (363 Seiten , Verfasser K. I I ö ll) des aus v ier Teilen bestehenden W erkes wird 
die Chemie des W assers in 10 K apiteln behandelt. N ach der Beschreibung der verschiedenen  
M ethoden der W asserprüfung und W asserbewertung sind  je ein Kapitel den W ässern von  
Schwim m bädern und B austellen sowie den R ezipienten für Oberflächenwässer und den K essel
wässern gewidm et. E in weiteres K apitel behandelt M ineral- und Thermalwässer. In den 
letzten  K apiteln werden 35 bei den Trinkwasserprüfungen übliche Reagenzien angegeben und  
die w ichtigsten Fragen der Probeentnahm e erörtert.

Teil 2 (44 Seiten , Verfasser II. R ü f f e r ) befaßt sich m it der Prüfung und B ew ertung von  
Abwässern: Grundlagen der Abwasserprüfung, P robeentnahm e, Sinkstoffgehalt, Schw eb
stoffgehalt, gelöste Stoffe (chemischer und biologischer Sauerstoffbedarf), Eutrophierung för
dernde Stoffe (Phosphor- und Stickstoffverbindungen). D ie  Kriterien der B ew ertung von  
Industrieabwässern werden gesondert behandelt.
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T eil 3 (62 Seiten, V erfasser S. Ca rlson ) erörtert die bakteriologischen und virologischen  
F ragen  des Wassers: a llgem eine m ikrobiologische U ntersuchungen, einzelne B estim m ungs
verfah ren , virologische P rüfungen. E in besonderes K ap itel ist den V irenproblem en von  
Schw im m badwässern gew idm et.

Teil 4 (35 Seiten, V erfasser D . L ü d e m a n n ) behandelt das Thema »Biologie des W assers«. 
N a c h  den allgemeinen P rü fm ethod en  werden die b iologischen Trinkwasserprüfungen beschrie
b en , ein ige im  Wasser lebende M ikroorganism en in A bbildungen gezeigt und die M öglichkeiten  
zur B ekäm pfung der M ikroorganism en dargelegt.

D as Sachverzeichnis (17 Seiten) erleichtert die H andhabung des Buches.
D as vielseitige, un m itte lbar  nutzbare K enntnisse verm ittelnde W erk ist für F achleute  

m anningfaltiger Gebiete v o n  N utzen: für die W asserforschung, für den Betrieb v o n  W asser
w erk en , für Probleme des G esundheitswesens und der B iotechnik  sowie für den U n terricht in 
den  ob igen  Gebieten.

O. L ib o r

E . V é r t e s , L. K o r e c z  u n d  K . B u r g e r : M ößbauer Spectroscopy  

Akadém iai Kiadó B udapest — E lsevier Scientific Publish ing Co. A m sterdam , 1979

D ie verhältnism äßig ju n ge, auf eine V ergangenheit von kaum 15 Jahren zurück
b lick en d e M ößbauer-Spektroskopie hat sich bereits in  v ielen  Zweigen der Chem ie als ein 
w irksam es Mittel zur B estim m ung verschiedener Strukturparam eter erwiesen.

y-Strahlen werden durch ein  oder mehrere Isotope von  etwa 40 natürlichen E lem enten  
e m ittier t. Die K ernniveaus, w elche die M öglichkeit der Absorption bestim m en, hängen auf 
ä u ß erst empfindliche W eise v o n  den Eigenschaften der Elektronenum gebung des K erns ab. 
D ie  E lektronendichte b eein flu ßt die N iveauabstände, die Asym m etrie der E lek tronenver
te ilu n g  wirkt auf die Q uadrupolaufspaltung des angeregten Energieniveaus, die param agne
tisch e  E lektronenum gebung sp a lte t die N iveaus auf. D ie beiden grundlegenden kunstgriffe  
der M ößbauer-Spektroskopie bestehen  darin, daß eine feste  Phase m it niedriger Tem peratur  
angew end et wird, wodurch der die Absorption hindernde R ückstoßeffekt äußerst gering gehal
ten  w ird, und daß die sehr feinen  Änderungen der absorbierbaren y-Energie m ittels des durch 
B ew egen  der Probe hervorgerufenen Doppler-Effekt verfo lgt werden.

Der erste Teil des B uches behandelt die theoretische Deutung der B eziehungen zwischen  
N iveauentfernung, Q uadrupolaufspaltung, m agnetische Aufspaltung und der E lek tronen
stru k tu r  sowie einen Ü berblick über den gegenwärtigen Stand der quantitativen  Theorien. 
E in  besonderes Kapitel ist den Fragen der M eßtechnik gew idm et, worin auch die m odernsten  
M ethoden  behandelt werden. In  den weiteren K apiteln werden die A nw endungsm öglichkeiten  
der M ößbauer-Spektroskopie angegeben.

D ie  Gesamtheit der M ößbauer-Param eter kann über folgende Fragen A ufschluß geben: 
O xydationszustand  des A tom s, w echselseitige Spin-O rientation der Elektronen, A usm aß der 
K o v a len z  in der Bindung des A tom s, Sym m etrie der E lektronenwolke, Maß der Starrheit des 
K rista llg itters und W echselw irkungen von M ößbauer-Kernen. Die nächstliegende und ein
fa ch ste  unter den Anwendungen der M ößbauer-Spektren ist die qualitative A nalyse, d. h. die 
Identifiz ierung von V erbindungen. Der quantitativen  A nalyse kom m t eine geringere B edeu
tu n g  zu , weil obzwar die M ethode em pfindlich ist, w enn weitere M ößbauer-Kerne n ich t im  
S y stem  vorliegen in G egenw art mehrerer M ößbauer-Kerne die E m pfindlichkeit w esentlich  
abn im m t. Es ist nicht notw endig, daß die U ntersuchung der M ößbauer-Spektren erm öglichen
de fe ste  Phase niedriger T em peratur kristallin ist; sie kann auch glasigartig sein, w obei die 
Flüssigkeitsstruktur erhalten b le ib t. Dam it kom m t der M ößbauer-Spektroskopie eine große 
B ed eu tu n g  bei der U ntersuchung schnellgefrorener L ösungen zu. Mit dem Schnellfrier-Verfahren  
k ön nen  die H ydratation, die kontinuierlich ineinander übergehende Solvatation und K om plex
b ildu ng sowie E lektronenaustausch-R eaktionen und H ydrolysevorgängen vorteilh aft unter
su ch t werden.

K urz nach ihrer E ntd ecku ng kam die M ößbauer-Spektroskopie auch auf dem  Gebiet 
der B iologie  zum Einsatz. D ie erste M öglichkeit dafür bot sich beim Eisenatom  von  E iw eißen  
a u f H äm inbasis. Eine außerordentliche Bedeutung erh ielt die Methode für die U ntersuchung  
v o n  solchen Eisen-Schw efel-E iw eißen, die als solche allein , ohne den E iw eißanteil, nicht 
isolierbar sind, ferner für die Strukturuntersuchung von  Eiw eißen, die zur Speicherung von  
E isen atom en  fähig sind. D azu kom m t noch die M öglichkeit der Strukturuntersuchungen von  
A m inosäuren , K ohlehydraten, F etten  und Nukleinsäuren, die m it E isenatom en K om plexe
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zu bilden befähigt sind, sow ie die U ntersuchungen von  biologischen Stoffen , die sonstige 
M ößbauer-Kerne en tha lten , z. B. jodhaltige  E iw eiße, kobalthaltige V itam ine usw.

D ie M ößbauer-Spektroskopie sp ielt natürlich auch bei der U ntersuchung der Struktur 
und der Phasenänderungen von  Eisenlegierungen und interm ediären V erbindungen eine 
w ichtige Rolle.

Das Buch en th ä lt 1400 Literaturhinw eise, 130 Abbildungen un d  100 Tabellen. Die 
Behandlungsweise des S toffes m acht es sowohl für W issenschaftler als auch für Anwender der 
M ößbauer-Spektroskopie geeignet.

D as M anuskript des 1979 erschienenen Buches wurde von  den Verfassern sicherlich 
v iel früher dem Verlag übergeben. D am it könnte erklärt werden, daß ein ige E inheiten  des 
außer K raft gesetzten CG S-System s hier und da noch Vorkommen (B arn, K ilooersted, die 
dim ensionlose dielektrische K onstan te, Erg, Angstrom , sowie die unrichtige Schreibweise 
für m ol • d m -3).

D as Werk gibt ein  genaues und um fassendes B ild  über die M ethode, die M öglichkeiten  
und die gegenwärtige L age eines sich ständig weiter entw ickelnden w issenschaftlichen  Gebiets. 
E s wird den Forschern der interessierten Kreise v iel Hilfe leisten  können.

Gy. V arsá n yi

LA N D O L T -B Ö R N ST E IN

N um erica l Data and  F unctiona l R elationships in  Science and  Technology

N ew  Series, Editor in Chief: K .-H . H e l l w e g e  
Group II: A tom ic and M olecular Physics

V olum e 9, M agnetic Properties o f  Free R adicals 
Part c2, Organic 0 - , P -, S-, Se-, S i-, Ge-, Sn-, Pb-, A s-,

Sb-Centered R adicals

A. G. D a v ie s , J. A. H o w a rd , М. L e h n ig , B. P. R o b e r t s ,
H. B. Steg m a n n , W. Ü b er

E ditors: H . F is c h e r  a n d  K .-H . H e l l w e g e

Springer-Verlag Berlin -  H eidelberg — New York 1979, 320 pp

This book com pletes the third part, II/9c o f Volum e II/9 “ M agnetic properties o f free 
radicals” . It deals w ith  all organic radicals centered on heteroatom s excep t the nitrogen- 
centered radicals and th e  n itroxide radicals. Thus the organic 0 - ,  P-, S-, Se-, Si-, Ge-, Sn-, 
Pb-, As-, and Sb-centered radicals are covered here. The general introduction  and the arrange
m ent o f the tables is the sam e as in the other parts o f  Volum e 11/9. [cf. A cta Chim. Acad. 
Sei. H ung., 98: 497 (1978)]. The chapters are num bered consecutively in Vol. II /9  thus this 
book starts w ith Chapter 7 “ O xy- and peroxy-alkyl radicals” . The n e x t Chapter “ Aroxyl 
radicals”  com pletes the coverage of О-centered radicals. The v a st m ajority  o f  O-centcred  
radicals are carbocycles. Am ong the О-centered radicals the hydroxyl and hydroperoxyl 
radicals are not included as th ey  have been considered in the first part o f  V olum e 11/9 (i.e. 
in II/9a ) among the inorganic radicals. There is a w ealth  of phosphorus-centered and sulphur- 
centered organic radicals, m ost notab ly  phosphorane derivatives and su lphide derivatives. 
Compared w ith these, relative ly  few  radicals w ith the other heteroatom s have been so far 
investigated .

The closing dates o f  the literature search for various Chapters vary betw een 1976 
and 1978.

I. H a rgitta i
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L A N D O L T -B Ö R N S T E I N

N u m e r ic a l Data and F u n c tio n a l R elationships in  Science and  Technology

N ew  Series, E d itor in Chief: K .-H . H e l l w e g e  
Group II :  A tom ic and Molecular Physics

Volum e 9 , M agnetic Properties o f Free R adicals  
P a rt d l ,  Organic A nion R adicals

A. B e r n d t , M. T. J o n e s , M. L e h n ig , L . L u n a z z i,
G. P la cu cci, H . B . Stegm a nn , К . B. U l m s c h n e id e r

Editors: H . F is c h e r  and K .-H . H e l l w e g e  
Springer-Verlag B e r lin —H eidelberg—New Y ork 1980, 904 pp

T his book is the first part o f  P a rt d of Volume II/9  “ M agnetic properties o f free radi
cals” . I t  covers the organic anion radicals. The second part o f P art d expected  also to appear 
soon  w ill deal with the organic ca tio n  radicals and polyradicals. I t  w ill also contain an Index  
o f  su b sta n ces for Volumes I I / l  an d  II /9 . This book is especially  volum inous, well reflecting  
th e  ever-grow ing interest tow ards organic radicals and their m agnetic properties. The general 
in tro d u ctio n  and the arrangem ent o f  th e  tables is the sam e as in th e  other parts o f Volum e 
II /9 . [cf. A cta Chim. Acad. Sei. H u n g ., 98, 497 (1978)]. The chapters are num bered consec
u t iv e ly  in  Volume II/9 and th is b ook  contains the follow ing ones:

12 Semidiones and related species
13 Semiquinones and rela ted  species
14 Anion radicals from n itro  com pounds
15 Anion radicals from n itroso  com pounds
15A  Anion radicals from  boron com pounds
16 Hydrocarbon anion radicals
17 Anion radicals from  h eterocyclic  compounds
Chapter 12 includes anion radicals w ith two or m ore conjugated carbonyl or thio- 

carb on y l groups, those from d ion ic  system s as well as from  trion ic and tetronic system s, keto  
acids, polycarboxylic and th iocarb oxy lic  acids, anhydrides, th ioanhydrides, esters, thioesters, 
am ides and  imides. On the other hand, anion radicals from quinones and the protonated sem i
diones are found in Chapters 13 and  3, respectively. It is o f  special interest that data from  
cis/tran s  isomers are listed if  ava ilab le . B oth  the anion and cation  radicals o f sem iquinone  
sy s tem s are covered in Chapter 13 the former vastly  outnum bering the latter. The charge- 
transfer  com plexes of quinones are also dealt w ith here. The anion radicals from nitro groups 
o f C hapter 14 are ordered prim arily  according to the num ber of double bonds conjugated  
w ith  th e  nitro group. The coverage starts w ith system s w ith ou t conjugated double bonds. 
T hen fo llow  the system s w ith  con ju gated  double bonds. F in ally  the radicals w ith  formal double 
bon ds fo llow , i.e. the arom atic n itro  com pounds, an especially large group. Similar ordering 
princip le  has been observed in C hapters 15 and 15A . The v a st m ajority  o f  hydrocarbon anion  
radicals com piled in Chapter 16 are cyclic  system s. The collection  o f the anion radicals from  
h eterocyclic  compounds (Chapter 17) does not contain the heterocycles w ith  nitro and carbonyl 
groups as they  have been dealt w ith  elsewhere as ketyls, sem idiones, sem iquinones and nitro- 
anions. T he data are presented in  th e  order of nitrogen-, oxygen-, sulfur-, selenium -, and phos
phorous-containing heterocycles con c lu d in g  w ith heterocycles containing tw o or more different 
heteroatom s.

T he closing dates o f the literature search for various Chapters vary betw een 1976 
and 1978 w ith  a few references ev en  from  1979.

I. I I a rg itta i
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L iq u id  Crystals: The F o u rth  S ta te  o f  M atter

Ed. Franklin D . Sa e v a .

Marcel Dekker In c., N ew  Y ork -  Basel

The book, consisting o f  12 chapters, has been w ritten  by 15 leading specia lists.
The first six chapters facilitate the com prehension of the basic concepts (e.g. nem atic  

m esophases, cholesteric m esophases, sm ctic liq u id  crystals) with excellent illu strations and 
practical exam ples.

Inform ation on therm otropic and ly o trop ic  m esophases and on polarization  optical 
and calorim etric m easurem ents are pertinent also to  liquid  crystalline states occurring in  biolog
ical system s. W hile a w hole chapter is dedicated  to biological membranes, data  o n  th e  liquid  
crystal nature of plasm a low  density lipoproteins and o f  sterol derivatives are ju s t  indicated .

T he chapter “ A pplication  of Liquid C rystals”  g ives a brief survey on th e  industrial 
and m edical application o f h eat sensors and on th e  liqu id  crystal display of w atches and  pocket 
com puters. This chapter te lls  us also that th e  in troduction  of liquid crystal f la t  television  
screens is to  be expected in  th e  next years.

This book will be o f  in terest for persons unversed  or well versed in the su b ject, work
ing in  the field  of physics, chem istry, biology or industry .

D . Szabó
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ZOLTÁN CSŰRÖS
(1 9 0 1 -1 9 7 9 )

T he d e a th  of A cadem ic ian  Z o ltá n  Cs ű r ö s  is a loss d eep ly  fe lt  b y  H u n 
g a ry ’s com m unities of h ig h er e d u c a tio n , science, an d  public life .

B o rn  on  th e  6 th  F e b ru a ry , 1901. Z o ltán  Csűrö s g ra d u a te d  in  1924 a t  the  
D e p a r tm e n t o f Chem ical E n g in ee rin g  o f th e  B u d ap est U n iv e rs ity  o f  T echn ica l 
Sciences, an d  proceeded to  w o rk  as d e m o n s tra to r  un d er P ro fessor G éza Z e m pl é n  
a t  th e  la t te r ’s rep u tab le  C hair o f  O rgan ic  C hem istry . In  1929 Z o ltá n  Csűrö s 
received  his P h . D . degree a n d  w as offered  a Rockefeller sch o la rsh ip , w hich 
he could  n o t accep t, ow ing to  fam ily  reaso n s.

In  1936 Csűrö s  w as n a m e d  h o n o ra ry  lec tu re r, w ith  p la s tic s  a n d  lac
quers as th e  special field  o f h is s tu d ie s ; in  1938 he was ad v an ced , as a n  asso
c ia te  professor, to  th e  lead ersh ip  o f th e  C hair fo r T extile  C h em istry , w h ich  he 
h ad  founded . F u ll p rofessorsh ip  w as g ra n te d  h im  in 1940. H e w as e lec ted  cor
re sp o n d in g  m em ber of th e  H u n g a r ia n  A cad em y  of Sciences in  1946, a n d  be
cam e A cadem ician  n o t m u ch  la te r . I n  1947, P ro fessor Csűrö s  re -o rg a n iz ed  his 
d e p a r tm e n t to  cover th e  en tire  scope o f o rgan ic  chem ical tech no logy . T h o u san d s 
o f chem ical engineering s tu d e n ts  m ad e  f ir s t  a cq u a in tan ce  w ith  o rg an ic  chem ical 
tech no logy , tex tile -  and  p la s tic s  ch e m is try  d u rin g  th e  long e ra  o f  P ro fesso r 
Cs ű r ö s ’ pedagogical a c tiv ity , o b ta in in g  in sp ira tio n  and  g u idance  fo r  a life
tim e  to  fu lfil th e ir  du ties in  th e ir  p ro fession  an d  for th e  w elfa re  o f  th e ir  
n a tio n .

Csű r ö s  beg an  research  w o rk  u n d e r th e  leadersh ip  of P ro fesso r Z e m p l é n  
in  th e  fie ld  of c a rb o h y d ra te  ch e m is try , a n d  soon he becam e a co -w orker 
o f his m a s te r  in  im p o rta n t re sea rch  p ro je c ts , such  as th e  e lu c id a tio n  o f  th e  
s tru c tu re  of cellobiose. H is P h . D . th esis  w as concerned w ith  th e  re a c tio n s  of 
n itro sy l halides upon  am ino ac ids. I n  h is fu r th e r  w ork Cs ű r ö s  rem ain ed  
fa ith fu l to  th e  chem istry  o f  c a rb o n h y d ra te s , glycosides, and  n a tu r a l  m acro 
m olecules. H e recognized th e  im p o rta n c e , w h en  th is  was n o t y e t o b v io u s , o f the  
ch em is try  an d  techno logy  o f sy n th e tic  a n d  n a tu ra l  m acrom olecu lar su b stan ces , 
cellulose, le a th e r , wool, p a p e r a n d  e lev a ted  th e  teach ing  o f th e se  su b je c ts  to  
u n iv e rs ity  ra n k ; in  th is he  go t a s u b s ta n tia l  s ta r t  o f a n u m b er o f  fa r-fam ed  
u n iv e rs itie s  in  in d u str ia lly  a d v a n c e d  co u n trie s . In  his teach in g  a n d  re sea rch
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w o rk  P ro fe sso r Csűrö s  w as w ell aw are of th e  n eed s  o f  H u n g arian  in d u s try , 
th u s  h is  research  in  te x tile  c h e m is try  s ig n ifican tly  h e lp e d  to  raise th e  q u a lity  
o f  H u n g a r ia n  tex tile  p ro d u c ts ;  i t  is sufficient to  re fe r  to  th e  m ethod  o f crease- 
p ro o fin g  b y  sy n th e tic  re s in s , a tra il-b laz in g  n o v e lty  a t  t h a t  tim e. H e w as ea rly  
to  rea lize  t h a t  th e  H u n g a r ia n  tex tile  in d u s try , a sm all one b y  in te rn a tio n a l 
s ta n d a rd s ,  can n o t com pete  b u t  b y  ex cep tiona lly  f in e  qu a lities , a tta in a b le  b y  
so p h is tic a te d  chem ical f in ish in g .

W ell in  advance o f  th e  fa c tu a l em ergence in  H u n g a ry  of th e  re le v a n t 
d e m a n d s , P rofessor Cs ű r ö s  b eg a n  to  s tu d y , in  th e  m id -fo rties, th e  to p ic  of 
c a ta ly s is : th e  key  p ro b lem  o f  organic chem ical in d u s try .  T hus he ta c k le d  th e  
p ro b lem s o f selective h y d ro g e n a tio n  and  s tu d ies  th e  ru les which govern  th e  
c a ta ly t ic  ox ida tio n  o f a ro m a tic  com pounds. H is  id eas  developed d u ring  th e se  
in v e s tig a tio n s  served as th e  s ta r t in g  p o in t in  th e  w o rk  of an  efficient school 
o f  H u n g a r ia n  researchers o f  heterogeneous c a ta ly s is .

I n  th e  chem istry  o f  sy n th e tic  po lym ers, h is  in te re s t  ranged  from  th e  
rh eo lo g y  o f p lastified  РУ С  sy stem s, over th e  p o ly m e riz a tio n  and  co-po lym eri
z a tio n  o f  acry lon itrile  a n d  a lly l com pounds, to  th e  s tu d y  of th e  m echan ism  
o f th e  p o ly m eriza tio n  o f  cap ro lac tam . I t  is im p o ssib le  to  miss th e  obv ious 
t h a t ,  besides c o n tr ib u tin g  to  th e  in te rn a tio n a l d ev e lo p m en t in  th is  f ie ld  o f 
science  b y  being th e  f i r s t  to  recognize several im p o r ta n t  correlations, P ro fesso r 
Cs ű r ö s  n ev e r lost H u n g a r ia n  in d u s tr ia l p ro d u c tio n  p rob lem s from  sig h t. P ro 
d u c tio n  problem s of in te rm e d ia te s  of th e  o rg an ic  chem ical in d u stry  also b e 
lo n g ed  to  h is field  of in te re s t .  I n  teach ing  as w ell as in  research  and  la b o ra to ry  
ex erc ises , he em phasized  th e  im portance  o f w o rk  o n  th e  chem istry  o f in te r 
m e d ia ry  p ro d u c ts , b ecau se  he  realized th a t  th e  H u n g a ria n  p e tro ch em ical 
p ro g ra m , s ta r te d  a t  t h a t  t im e , will achieve fu ll econom ic success if  n o t o n ly  
th e  m a in  p roduc ts (e th y le n e  a n d  propylene) f in d  u se , b u t  also th e  o th e r  p ro 
d u c ts  a n d  b y -p ro d u c ts  a re  u tilized . H e also k n ew  t h a t  th e  H u n g a rian  p h a r 
m a c e u tic a l, ag ricu ltu ra l-ch em ica l, dye, and  la c q u e r  in d u s tr ie s  require  th e  in te r 
m e d ia te s  p roduced  in  th is  co u n try , and th e  econom ical efficiency o f th e se  
in d u s tr ie s  is g rea tly  d e p e n d e n t on them .

P ro fesso r Csű r ö s  w as also  a b rillan t le c tu re r . E v e ry th in g  th a t  h as  b een  
ju s t  sa id  shows th a t  he a n tic ip a te d  b y  fa r, m ore  co rrec tly : th a t  he p rec ise ly  
ju d g e d , th e  tim eliness o f  h is  te ach in g  w ork 10 to  15 y ea rs  ahead; so th a t  w hen  
e x p e c ta b le  n a tio n a l d e m a n d s  becam e ac tu a l, w e ll-p rep a red  experts  w ere th e re  
to  cope w ith  the  ta sk s .

P ro fessor Csű r ö s  w as a public figure fu ll o f  en thusiasm . H e assu m ed  
resp o n sib le  positions d u r in g  th e  m ost d ifficu lt y e a rs  o f  his U n iversity . T h u s  he 
se rv e d  as D ean of th e  F a c u l ty  of M echanical a n d  Chem ical E n g in eerin g  in  
1943 — 44, and  as th e  R e c to r  betw een  1946 a n d  1949, and  again  b e tw een  1957 
a n d  1961. H e p re v e n te d , as m u ch  as was p o ssib le , th e  rem oval b y  force o f th e  
e q u ip m e n t of th e  u n iv e rs i ty  a t  the  end o f W o rld  W a r  I I .  T he rebu ild ing  o f th e
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d e v a s ta te d  cam p u s s ta r te d  w hen  he w as P re s id e n t o f  th e  U n iv e rs ity ; a f te r  
th e  c o u n te r-re v o lu tio n  he did his b est to  c o n tr ib u te  to  m oral re s to ra tio n .

P ro fesso r Csű r ö s  considered th e  p o p u la r iz a tio n  of sc ien tific  re su lts  a 
v e ry  im p o r ta n t  d u ty ; he was m em ber o f  th e  p resid iu m  of th e  P o p u la r  Science 
A ssocia tion  a n d  ch a irm an  of th e  e d ito ria l co m m ittee  o f its  J o u rn a l .  H e  w as 
also m em b er o f  th e  p resid ium  o f th e  H u n g a r ia n  C hem ical Society ; th e  p re s id e n t 
o f  th e  T each ers’ T rad e  U nion; a m em b er o f  th e  presid ium  o f th e  H u n g a r ia n  
P eace  C ouncil; th e  p resid en t o f S ection  X I  o f  th e  P a tr io tic  P o p u la r  F ro n t .  
P ro fesso r Cs ű r ö s  ac ted  for long  as th e  g en e ra l ed ito r o f  th e  jo u rn a ls  ACTA 
C H IM IC A  A CA D . SC I. H U N G , and  P E R IO D IC A  P O L Y T E C H N IC A .

H is o u ts ta n d in g  public  w ork , th e  success o f  his scientific  a n d  e d u c a tio n a l 
en d eav o u rs  w ere acknow ledged b y  a w ard s  o f  h igh  d istin c tio n . T h u s  he  w as 
rec ip ien t, in  1953, o f a K o ssu th  P rize ; fo u r tim e s , in  1956, 1958, 1961 a n d  1970, 
he w as d eco ra ted  w ith  th e  O rder o f L a b o u r , F ir s t  Class; in  1970 he  w as h o 
n o u red  w ith  th e  L ib e ra tio n  Ju b ilee  M edal; a n d  in  1973, on th e  occasion  o f his 
7 0 th  b ir th d a y , he w as aw arded  th e  O rd e r, Second  Class, of th e  B a n n e r  o f th e  
H u n g a ria n  P eo p le ’s R epublic .

T he B u d a p e s t U n iv e rsity  of T ech n ica l Sciences, an d  th e  V eszp rém  U n i
v e rs ity  o f C hem ical T echnology , con ferred  u p o n  P rofessor Csű r ö s  th e  ra n k  
o f  h o n o ra ry  d o c to r.

T he d e a th  o f  P ro fessor CSŰRÖS is a g re a t loss fo r all of us w ho h a v e  been  
his s tu d e n ts  or co llabo ra to rs. T he m em o ry  o f  his colourful p e rso n a lity  w ill he 
k e p t a live in  th e  h e a r t , and  his m an y  te a c h in g s  w ill resound in  th e  m in d  o f 
th o u sa n d s  w ho h av e  know n him .
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5a-Cholestane-3,6-dione (1) when treated w ith varying concentrations o f per
benzoic acid (p-toluenesulfonic acid m onohydrate as catalyst) invariab ly afforded 3-oxa- 
-A-hom o-5a-cholestanc-3,6-dione (2). The product has been characterized on  the basis 
of spectral properties and chem ical transform ations.

In  c o n tin u a tio n  of o u r  w o rk  on th e  B aey e r—Villiger o x id a tio n  o f  ste 
ro id a l k e tones [1, 2], we su b je c te d  1 to  perbenzo ic  acid o x id a tio n .

R eac tio n  of 1 w ith  pe rb en zo ic  acid  (d ifferen t co n cen tra tio n s) in  th e  p re 
sence of c a ta ly tic  am o u n ts  o f  p -to lu en esu lfo n ic  acid m o n o h y d ra te  fu rn ish ed  
a single com pound  w ith  m .p . 220 °C. T his p ro d u c t analysed  fo r C27H 440 3, w hich 
im plied  th e  in se rtio n  of on ly  one oxygen  a to m  in to  th e  su b s tra te  in  th e  course 
o f th e  reac tio n . In tro d u c tio n  o f  a single oxygen  m ay lead to  se v e ra l possible 
isom eric m onolactones such  as 2 , 3, 4 an d  5.

D u rin g  our re in v e s tig a tio n  o f th e  perbenzoic  acid o x id a tio n  o f  6-keto- 
stcro ids [2], we p repared  th e  lac to n es  4 an d  5 . The com pound w ith  m .p . 220 °C 
w as d ifferen t from  these  lac to n es , hence s tru c tu re s  4 and  5 could  b e  e lim in a ted . 
T he IR  sp ec tru m  had  b an d s  a t  1735 (e-lactone) and  1700 c m -1  ( C = 0 ) .  These 
IR  values are  in  ag reem en t w ith  e ith e r  o f th e  s tru c tu res  2 a n d  3. C onclusive 
evidence in  fav o u r of 2 w as o b ta in e d  from  th e  N M R sp ec tru m . A  b ro a d  m ulti- 
p le t for 2 p ro to n s  a t  <5 4.27 is a sc ribab le  to  m ethylene p ro to n s  a t ta c h e d  to  
e s te r oxygen , and  its  m u ltip lic ity  can  on ly  re su lt from  its  sp littin g  b y  a d ja c e n t 
m eth y len e  p ro to n s. T hus th e  g roup ing  —О — CH2—CH2 p re se n t o n ly  in  2 
excluded  th e  a lte rn a te  s tru c tu re  3 w here  th e  grouping — 0  — C H 2—C H — 
w oidd  e x h ib it lesser m u ltip lic ity . I n  o rd er to  su p p o rt th e  s tru c tu re  2 chem ica lly , 
th e  com p o u n d  w ith  m .p . 220 °C w as su b jec ted  to  alkaline h y d ro ly s is  w hich 
gave th e  h y d ro x y  seco acid 6 , m .p . 188— 190 °C. F u rth e rm o re , to  s u b s ta n tia te  
th e  presence o f  a carboxylic fu n c tio n  in  6, i t  w as tre a te d  w ith  an  excess o f  d iazo
m e th an e  w hich  afforded th e  m e th y l e s te r 7 , m .p. 96 °C.

The n o te w o rth y  fea tu re  o f  th is  reac tio n  is th e  fo rm ation  o f  o n ly  th e  m ono
lac to n e  2 an d  none of th e  conce ivab le  a lte rn a tiv e  inonolactoncs o r d ilac to n es.

2
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4 5

Fig. 1.

6 R =  H

7 R =  CH3

I t  a p p e a rs  th a t  steric  f e a tu re s  determ ine th e  co u rse  o f reaction ; th e  3-oxo 
g ro u p  b e in g  m ore ex p o sed  re a c ts  p red o m in an tly  in s te a d  o f th e  re la tiv e ly  h in 
d e re d  6-oxo group.

I t  is p e rtin en t to  m e n tio n  here th a t  a t  th e  b e g in n in g  of th e  p resen t cen 
tu r y ,  W in d a u s  [3] a t te m p te d  to  oxidize “ C h o le s tan d io n e”  1 b y  h e a tin g  i t  
a t  70 — 75 °C for 3 h rs in  a c e tic  ac id  solution w ith  a n  aq u eo u s  so lu tion  of am m o 
n iu m  p ersu lfa te . This w as d o n e  long before th e  c o r re c t s tru c tu re  o f cho lestero l 
b e c a m e  established. W ith  th e  n uc lear location  o f  th e  tw o  oxo groups u n k now n , 
W i n d a u s  suggested th e  re a c tio n  product to  be  “ O x y k e to ca rb o n ic  acid”  (m .p . 
185 — 217 °C) w hich co u ld  b e  converted  to  its  m e th y l  e s te r (m .p. 105°). H e 
e x p re sse d  surprise a t  th e  re sp o n se  of only one oxo  g ro u p  tow ards the  ox id izing  
a g e n t ,  th e  o ther oxo g ro u p  rem ain in g  in ta c t. F ro m  o u r observations i t  seem s 
lik e ly  t h a t  in  the  h an d s  o f  W in d au s  the  re a c tio n  fo llow ed  a course analogous 
to  o u rs , w ith  the  d ifference t h a t  under those re a c tio n  cond itions, i t  w en t b ey o n d  
th e  p r im a ry  ox idation  p ro d u c t  2 and  yielded th e  h y d ro x y  seco acid 6.

E xperim ental

A ll m .p.’s are uncorrected. IR  spectra were determ ined in  N ujol w ith a Perkin —Elm er 
spectrophotom eter. NMR spectra  w ere run in CDC13 on a V arian  A60 instrum ent w ith TMS as 
th e  in tern al standard. T hin-layer chromatographic p lates w ere coated  with silica gel. A  20%  
aqu eou s solution of perchloric acid  was used as spraying agen t.
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Baeyer—Villiger oxidation of 1

To a solution of 1 [4] (2 g) in chloroform  (35 m L) was added a chloroform  solution of 
perbenzoic acid (1 m ole-equivalent) along w ith  a few  crystals o f p -to luenesu lfon ic acid mono
hydrate as catalyst. The reaction m ixture was allow ed to stand at room tem perature for 48 hrs. 
The solvent was rem oved under reduced pressure and the residue extracted  w ith  an excess o f  
ether. The ethereal solution was washed su ccessively  w ith water, N a H C 0 3 solution  (5% ) and 
w ater, and dried over anhydrous Na2S 0 4 The rem oval o f solvent gave a lig h t brown residue 
w hich was chrom atographed over silica gel (40 g) (fractions of 30 m L each  were collected). 
E lution  w ith benzene-ether (5 : 1) afforded 2, w h ich  was crystallized from m eth anol to obtain
1.3 g o f the pure product, m .p. 220 °C.

C2,H140 3. Calcd. C 77.88; II 10.57. Found C 77.90; H 10.52%.
"max 1735, 1700, 1050 c m - 1.
(54.27 (m , 2H , C.2H 2), 3 .1 5 - 2 .3  (m , 5H , Cla - H 2, C6- H ,  C , - H 2), 1 .21 , 0 ,92 , 0.86 and

0.68 (5 m eth yl protons).
Treatm ent of 1 w ith  2 and 3 m ole-equ ivalents o f  perbenzoic acid under sim ilar reaction  

conditions invariably afforded 2.

6-O xo-2,3-seco-2-hydroxy-5oc-cholestane-3-oic acid (6 )

A solution of 2 (500 m g) in 5%  m ethanolic N aO H  (100 mL) w as h eated  under reflux  
for 2 h. The solution was poured into w ater (500 m L ), carefully acidified w ith  d ilu te HC1 and 
the precipitate thus obtained was extracted  w ith  an excess o f ether. The usual work-up and 
rem oval o f  the solvent gave 6 which was crystallized from  methanol to o b ta in  410 m g of the 
product, m .p. 188 —190 °C.

C2,H,J60 4. Calcd. C 74.65; H 10.59. Found C 74.85; H 10.45%.
vmax 3 3 5 0 -3 2 0 0 , 1710, 1700 c m - 1.

Methyl 6-oxa-2,3-seco-2-hydroxy-5a-cholestane-3-oate (7 )

An ethereal solution o f the seco acid 6 (200 m g) was treated w ith an excess o f ethereal 
solution  of diazom ethane and the m ixture w as allow ed to stand for 10 m in. T he excess o f diazo
m ethane was decom posed by the addition  o f a sm all am ount of acetic acid. T he usual work-up 
and rem oval o f the solvent gave the m eth yl ester 7  (170 m g), m.p. 96 °C.

C2SH4S0 4. Calcd. C 75.0; H 10.71. Found C 75.20; H 10.63%.
>’max 3500, 1720, 1710. 1190 c m - 1.
(5 3.63 (COOCH3), 3.6 (m , 211, C2- H 2) 3 .2 —2.15 (m , 5H, C4- H 2, C5- H ,  С. - H 2), 2.1 

(m , 1H, O H , disappeared on shaking w ith  D 20 ) ,  1.23, 0,88, 0.8 and 0.6 (5 m eth y l protons).

The authors are grateful to Professor W . R a h m a n , Head, D epartm ent o f  Chemistry 
for providing the necessary facilities, and to C .S.I.R . (N ew  Delhi) for financial assistance to one 
o f  us (I.A .K .).
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E s wird die Funktion sogenannter G itterdefekte im H inblick au f die dynam ischen  
Aspekte des festen  Zustandes untersucht. D ie statischen Aspekte werden unter Anwen
dung der R egeln für die Veränderungen der internuklearen A bstände des erweiterten  
D onator-A cceptor-K onzeptes illustriert. P unkt-D efekte werden als »Struktur-m odi- 
fizierte un d  modifizierende Zentren« aufgefaßt. Betreffs ihrer B ildung wird a u f Analo
gien bei der Eigenionisation in  flüssigem  W asser verwiesen. D ie R egelm äßigkeiten , 
durch w elche im  G leichgewicht m akroskopische E igenschaften und In form ationsgehalt 
erhalten werden, werden auf einen  dynam ischen Ordnungszustand zurückgeführt. Die  
Oberfläche enthält die Strukturinform ation der eingehüllten Phase in  integrierter Form  
und zeigt ein hochdifferenziertes, dynam isches Muster.

1. Einleitung

Die S tru k tu r le h re  von  K ris ta lle n  w ird  v o n  der V o rste llu n g  des Id e a l
k ris ta lls  b e h e rrsc h t, obwohl er p rin z ip ie ll aus th e rm o d y n am isch en  G rü n d en  
n ic h t ex is tie ren  k a n n : 1. m ü ß te  der W e rt d er G h ic h g e w ic h tsk o n s ta n te  fü r 
P la tzw ech se lv o rg än g e  null sein , w as n u r  he im  abso lu ten  N u llp u n k t m öglich 
w äre  [1], 2. d ü r f te  er keine V e ru n re in ig u n g en  e n th a lte n , 3. m ü ß te  seine B il
d u n g  im  a b so lu t leeren  und  fe ld fre ien  R a u m  erfolgen kön n en  u n d  4 . m ü ß te  er 
unen d lich  g roß  sein , da jede  K ris ta llg re n z flä c h e  eine U n te rb re c h u n g  des pe
riod ischen  A u fb au es  da rs te llt.

D ie ta ts ä c h lic h  b eo b a c h te ten  R e a lk r is ta lle  w elche eine fa s t  u n b eg ren z te  
V ie lfa lt in  Z u sam m en se tzu n g  u n d  s tru k tu re lle n  E igen h e iten  au fw e isen , w er
d en  im  bezug a u f  den f ik tiv e n  Id e a lk r is ta ll  als »fehlgccrdnet« besch rieb en . 
D a  diese G esich tsp u n k te  a u f  die S tru k tu re n  am o rp h er P h asen  u n d  v o n  G läsern  
ü b e rh a u p t n ic h t anw endbar s in d , is t  eine e inheitliche  B esch re ib u n g  des fes ten  
Z u stan d es m it H ilfe  der Id e a lv o rs te llu n g  n ic h t m öglich.

A u sg an g sp u n k t n a tu rw issen sch a ftlich e r E rk e n n tn is  k a n n  n u r  die B e
o b ach tu n g  d er R e a litä t  in  ih re r  V ie lg es ta ltig k e it und  K o m p le x itä t  se in . Z ur 
B esch re ibung  des festen  Z u stan d es  w ollen  w ir d ah er von R e a lk r is ta lle n , am o r
p h e n  S toffen  u n d  G läsern au sg eh en  u n d  Ü berlegungen  an ste llen , w elche  dem  
V ersteh en  d er Z usam m enhänge  d ienen .
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2. D as erweiterte D onor-Acceptor Modell

Z u n ä c h s t w ollen  w ir u n te rsu ch en , in  w elcher W eise das e rw eite rte  D onor- 
A ccep to r-M odell [2] h eran g ezo g en  w erden  k a n n . D ieses h a t  sich vo r allem, zu r 
B esch re ib u n g  des V e rh a lten s  v o n  L ösungen  b e w ä h r t  u n d  is t g ru n d sä tz lich  
a u f  alle A r te n  m o lek u la re r V erän d eru n g en  a n w e n d b a r , da es n ich t Z u s tän d e  
an  sich  so n d e rn  n u r  zw ischen M olek ü lzu stän d en  erfo lgende V erän d eru n g en  
e rfa ß t. I n  Ü b e re in s tim m u n g  m it den  E rfo rd e rn issen  der Q u an ten m ech an ik  
w erden  d ie  V e rän d e ru n g en  d er L ad u n g sd ic h te m u ste r  u n te r  B erü ck sich tig u n g  
der zw ischen  den  M olekülen  erfo lgenden  L a d u n g sü b e rtra g u n g en  u n d  d er P o 
la risa tio n se rsch e in u n g en  beschrieben . B ei d er W echse lw irkung  von  zwei M o
lekü len  w ird  das eine als E le k tro n e n d o n a to r  u n d  d as  andere als E lek tro n en - 
accep to r a u fg e faß t. D er E le k tro n e n d o n a to r  g re if t m it  dem  B ereich ho h er E le k 
tro n e n d ic h te  am  e le k tro n e n a rm e n  B ereich  des E le k tro n en accep to rs  an . D ie 
V e rä n d e ru n g en  der E le k tro n e n d ic h te n  se tzen  sich  ü b e r  den  G esam tbere ich  
des b e tra c h te te n  S ystem s fo r t  [2].

I n  d e r R egel w erd en  d iejen igen  in te rn u k le a re n  A b stän d e  v e rlä n g e rt, an  
denen  d ie  E le k tro n e n v e rsch ie b u n g  vom  e lek tro p o s itiv ie ren  fcum e lek tro n eg a ti-  
veren  B in d u n g sp a r tn e r  erfo lg t u n d  d iejenigen v e rk ü rz t ,  an  denen  der E le k tro 
n en sch u b  v o m  e lek tro n eg a tiv e ren  zum  e le k tro p o s itiv e re n  B in d u n g sp a rtn e r  
e in tr i t t .  E rh ö h u n g  d e r K o o rd in a tio n szah l b e d in g t V erlän g eru n g  u n d  E rn ie d r i
gung  d e r K o o rd in a tio n szah l V erk ü rzu n g  d er a m  K o o rd in a tio n szen tru m  v o r 
h a n d e n e n  B in d u n g en  [2]. J e  s tä rk e r  eine zw ischenm oleku lare  W echselw irkung , 
desto  g rö ß e r sind  die V erlän g eru n g en  der d em  A n g riff  u n m itte lb a r  b e n a c h 
b a r te n  in te rn u k le a re n  A b s tä n d e . V erlän g eru n g  e in e r B indung  fü h r t  zu V er
k ü rz u n g e n  d er diesen b e n a c h b a rte n  B in d u n g en  u n d  u m g ek eh rt. Als R egel g ilt, 
d aß  sich  a lte rn ie ren d e  B in d u n g sv erlän g eru n g en  u n d  B in d u n g sv erk ü rzu n g en  
d u rch  d as  gesam te  m o lek u la re  S ystem  h in d u rc h  fo rtse tz e n  [2].

Z u r  A n w en d u n g  a u f  den  festen  Z u s ta n d  w ollen  w ir von  den in  L ösungen  
gew onnenen  E rfa h ru n g e n  ausgehen . D azu  is t  es n o tw en d ig  die gesam te  feste  
P h ase  als e in  einziges S y stem  aufzufassen  [3].

3. Realkristalle

R e a lk ris ta lle  e n th a lte n  F re m d b a u s te in e . D ie W irk u n g en  der F re m d b a u 
ste ine  e rs tre c k e n  sich  im  P rin z ip  ü b e r den  g an zen  K ris ta ll u n d  b ee in flu ssen  
dessen  m ak ro sk o p isch e  E ig en sch aften  [3]. So w ird  die L e itfäh ig k e it eines 
G e rm a n iu m -E in k ris ta lle s  n a c h  E in b a u  eines A n tim o n a to m s au f 100 M illionen  
G e rm a n iu m a to m e  a u f  den  h u n d e rtfa c h en  W e r t  e rh ö h t, oder F luo reszenz  in  
e inem  Z in k su lf id k ris ta ll d u rch  E in b a u  eines K u p fe ra to m s  a u f 1 M illion Z in k 
a to m e  e rz e u g t. S e lb st w en n  es m öglich w äre , e in en  K ris ta ll h erzuste llen , d er
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k eine  V eru n re in ig u n g en  en th ie lte , so w ü rd e  e r tro tzd em  sogen an n te  G it te rb a u 
feh le r e n th a lte n  m üssen , näm lich  L ee rs te llen  u n d  Z w isch en g itte rp lä tze  (»E igen
feh lordnung«).

W ir w ollen  zu n äch st die Folgen  d e r B ese tzu n g  eines Z w isch en g itte rp la tze s  
in  einem  aus g le ichartigen  G itte rb a u s te in e n  bestehenden  K r is ta ll  au fg ru n d  
des e rw e ite r te n  D onor-A cceptor-M odells e rö r te rn : in  einem  k u b isc h -ra u m - 
z e n tr ie r te n  G it te r  v e ru rsach t die B ese tzu n g  eines ok taedrischen  L ü c k e n p la tz e s  
eine in n e re  V ersp an n u n g , da die vom  Z w isch en g itte rp la tz  a u sg e h e n d e n  A b
s tä n d e  k ü rz e r  se in  m üssen, als d ie jen igen  zw ischen  den b e n a c h b a rte n  re g u lä re n  
G itte rb a u s te in e n . B ei der B esetzung  des Z w ischeng itterp la tzes w e rd e n  die 
K o o rd in a tio n sz a h le n  der dem  Z w isc h e n g itte rp la tz  b en a c h b a rten  G it te rb a u 
ste ine  e rh ö h t u n d  d ah e r alle von  d iesen  au sg eh en d en  B indungen  v e r lä n g e r t , 
w as au ch  a u fg ru n d  der P au lin g ’schen  e le k tro s ta tisc h e n  V a len z th eo rie  [4] zu 
e rw a rte n  is t .  D ie  V erlängerungen  h a b e n  V erk ü rzu n g en  der d iesen  b e n a c h b a r 
te n  in te rn u k le a re n  A bstän d e  zu r Folge u n d  diese w ieder V e rlä n g e ru n g en  in  
deren  N a c h b a rsc h a ft. E in  h iedu rch  e n ts te h e n d e s  S tru k tu rm u s te r  i s t  in  b ild 
h a f te r  v e re in fa c h te r  zw eidim ensionaler D a rs te llu n g  in  A bb. 1 i l lu s tr ie r t .

Die K o o rd in a tio n szah len  der u m  eine L eerstelle  an g e o rd n e te n  G itte r 
b au ste in e  s in d  k le in er, als im  Id ea lfa ll. D a h e r  w erden  die in te rn u k le a ren , A b
s tä n d e  zw ischen  ih n en  k ü rzer sein, als in n e rh a lb  der E lem entarze lle  [3 ]. H ie fü r 
liegen e x p e rim en te lle  B efunde vo r, n ä m lic h  an  T iC og4, in  w elchem  e tw a  je d e r  
sechste  o k ta e d risc h e  L ück en p la tz  u n b e s e tz t  is t . In  der U m gebung e in e r  L ücke

Abb. 1. B ildhafte, zweidim ensionale D arstellung der inhom ogenen Anordnung der G itterbau
steine um  einen oktaedrischen Zwischengitterplatz welcher in ein kubisch raum zentriertes 
Idealgitter ein geb aut wurde. Die dicken Striche bedeuten  Verkürzungen und die dünneren  
Verlängerungen der internuklearen Abstände im  V ergleich  zu den idealen G itterparam etern

/
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Abb. 2 . B ildhafte, zw eidim ensionale Darstellung der A nordnung der Gitterbausteine um  eine  
Leerstelle in einem D iam antg itter

s in d  d ie  M eta lla to m e zu d en  K o h len sto ffa to m en  verschoben  und  die M — C- 
A h s tä n d e  en tsp rech en d  k u rz  [5]. D asselbe R e s u l ta t  w urde an  u n te rs tö c h io 
m e tr isc h e m  V a n ad in ca rb id  a u f  G rund von  rö n tg en o g rap h isch en  U n te rsu c h u n 
gen  e rh a lte n  u n d  die lo n g -ran g e  order E ffe k te  a u fg ru n d  der N M R -S p ek tren  
g eze ig t [7]. A uch  u m  eine L eerstelle  b e s te h t a lso  eine innere V e rsp an n u n g , 
w elch e  a lte rn ie ren d e  V erlän g eru n g en  u n d  V e rk ü rz u n g e n  zwischen den  fo lg en 
d en  B e re ich en  v e ru rsa c h t, w ie dies in  v e re in fa c h te r  zw eidim ensionaler b i ld 
h a f te r  D a rs te llu n g  in  A b b . 2 illu s trie rt is t.

D a  bei der H e rs te llu n g  der A b b ild u n g en  v o n  einem reg u lä ren , d . h . 
id e a lis ie r te n  R a s te r  au sgegangen  w urde, s in d  a u c h  diese A bbildungen  n ic h t  
fre i v o n  id ea lis ie rten  E in flü sse n , können a b e r  b e s tim m te  B eziehungen  v e r 
a n sch au lich en . B eispielsw eise sind Ä h n lich k e iten  im  A nord n u n g sm u ste r u m  
eine L eers te lle  u n d  u m  einen  Z w isch en g itte rp la tz  e rk e n n b a r: das B ild  d e r A b 
s ta n d sv e rk ü rz u n g e n  u m  eine L eerstelle  is t ä h n lic h  dem jenigen in  der zw e iten  
S p h ä re  u m  einen  Z w isch en g itte rp la tz .

S ch ließ lich  w ollen  w ir das M uster s t ru k tu re l le r  In h o m o g en itä ten  b e 
sp re c h e n , wie es d u rch  S u b s titu tio n  eines re g u lä re n  G itte rb au ste in es  d u rc h  
e in en  F re m d g itte rb a u s te in  geb ilde t w ird. D ie A u sw irk u n g en  der S u b s titu tio n  
eines G e rm an iu m a to m s d u rc h  ein A n tim o n a to m  in  einem  G erm an iu m k ris ta ll
[3] i s t  in  A bb. 3 d a rg e s te llt . D a die S b—G e-W echselw irkungen  s tä rk e r  s in d , 
als d ie  G e—G e-W echselw irkungen , sind die S b — G e-A bstände k ü rze r, die b e 
n a c h b a r te n  G e—G e-A b stän d e  länger u n d  die a n  d iese angrenzenden  Ge — G e-
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Abb. 3. Bildhafte, zweidim ensionale D arstellung der Anordnung der G itterbausteine in  einem  
Germaniumkristall, in welchem  eine G erm anium position durch A ntim on ersetzt wurde

A b stä n d e  w ieder k ü rz e r , als in  d er id ea lis ie rten  E lem en tarze lle  des G erm a
n iu m k ris ta lls .

D ie M eßbarke it d er R e ich w eiten  r ic h te t  sich nach  dem  A u sm aß  d e r W ech
se lw irkungen  a lle r b e te ilig ten  P a r tn e r  u n d  d er D e fo rm ie rb a rk e it des G itte rs  
sow ie nach  der v e rw en d e ten  e x p e rim en te llen  M ethode. So is t  die sp ek tra le  
A u fsp a ltu n g  der A ccep to rzu stän d e  in  G a lliu m p h o sp h id -K ris ta llen  n a c h  E in b au  
v o n  S au ersto ff oder S chw efela tom en  bis a u f  eine E n tfe rn u n g  v o n  2 n m  n ach 
w eisb a r [8], die V erfo lgung des E in flu sses  v o n  A l-A tom en in  S iliz ium diox id  
m it H ilfe  der L E E D -M eth o d e  bis ü b e r  6 n m  [9] und  der E ffe k t d e r F lu o res
zenzlöschung  bis zu  E n tfe rn u n g e n  v o n  150 n m  fests te llb a r [10].

4. Struktur-m odifizierte und modifizierende Zentren

Je d e  »Störstelle« is t also Z e n tru m  einer ch a rak te ris tisch en  S tru k tu rm o d i
f iz ie ru n g  als Folge der W echse lw irkung  zw ischen S tö rste lle  u . um g eb en d em  
G itte r .  Z ur I llu s tra tio n  möge der V erg le ich  m it der L ösungschem ie d ien en , wo 
die M odifizierung d er gelösten T eilchen  d u rch  das L ösu n g sm itte l le ic h t gem es
sen  w erden  k an n . D ie M odifiz ierung  eines Io n s du rch  das L ö su n g sm itte l zeigt 
s ich  beispielsw eise in  d er V a ria tio n  d er 23N a  chem ischen N M R -V ersch iebung  
in  N aC104-L ösungen  gleicher K o n z e n tra tio n  in  versch iedenen  L ö su n g sm itte ln  
[11]. In  diesen F ä lle n  b e s te h t e ine lin ea re  R e la tio n  zw ischen d e r  chem ischen
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V ersch ieb u n g  und  der D o n o rz a h l der L ö su n g sm itte l. A ber auch  bei g leicher 
tm m itte lb a re r  U m gebung  eines Io n s, z. B. v o n  59Co in  T risäe th y len d iam in - 
k o b a l t ( I I I )  w ird  die chem ische  V ersch iebung v o m  L ösu n g sm itte l d a d u rc h  
b e e in f lu ß t, d aß  die L ö su n g sm itte lu m g eb u n g  ü b e r  d ie  L igan d en h ü lle  eine M odi
f iz ie ru n g  des K o o rd in a tio n sz e n tru m s b ew irk t [12]. D a rü b e r  h inaus sp ielen  
K o n z e n tra t io n  u n d  A n w esen h e it an d erer L ö su n g sb estan d te ile  eine e n tsch e i
den d e  R o lle .

I n  e inem  K ris ta ll w ird  je d e  »Störstelle« (»D efekt«) ebenfalls d u rc h  die 
ih n  u m g e b e n d e n  G itte re ig en sch aften  m odifiz iert. E in  G itte rb a u s te in  a n  einem  
Z w isc h e n g itte rp la tz  is t e in e r a n d e ren  U m gebung  u n te rw o rfen , als an  einem  
re g u lä re n  G itte rp la tz  u n d  h a t  d ah e r u n te rsch ied lich e  E igenschaften . S e lb st 
eine L e e rs te lle  e rfä h rt ih re  c h a ra k te ris tisch e  P rä g u n g  d u rc h  W echselw irkungen  
m it d e m  sie um gebenden  G itte r .

D e m n a c h  m o d ifiz ie rt je d e r  »Defekt« seine U m g eb u n g  u n d  w ird  se lb st 
d u rc h  d iese  m odifiz iert.

Z u r  K la rs te llu n g  d e r B egriffe  is t  es d a h e r s in n v o ll, an  Stelle v o n  »S tö r
stelle« b zw . »Defekt« die B eze ich n u n g  „Strukturm odifiziertes und m odifizie
rendes Zentrum ” zu w äh len , w o fü r die A b k ü rzu n g  „SM M -Zentrum” g eb ra u c h t 
w erd en  k a n n .

A u c h  flüssiges W asse r w ü rd e  ohne » s tru k tu rm o d ifiz ie ren d e  Z entren«  
n ic h t e x is tie re n  [1, 13]. A ls solche fung ieren  d ie  d u rc h  E igen ion isa tion  im  
th e rm o d y n a m isc h e n  G le ichgew ich t vorliegenden  W assersto ffionen  u n d  H y d 
ro x id io n e n , sowie »H ohlräum e«, w elche m it G asm o lek ü len  »besetzt« sein  k ö n 
nen . I n  destillie rtem  W asse r k o m m t bei Z im m e rte m p e ra tu r  ein s t ru k tu r r e 
g u lie ren d es Z en tru m  a u f  e tw a  44 000 W asserm o lek ü le . Die E igen io n isa tio n  
k a n n  als E rgebn is der k o o p e ra tiv e n  E ffek te  zw ischen  den W asserm olekü len  
im  S in n e  des e rw e ite rten  D onor-A ccep to r-M odells au fg e fa ß t w erden [13].

S e lb s t im  id ea lis ie rten  d im eren  W asse rm o lek ü l is t  die L a d u n g sd ic h te 
v e r te ilu n g  u n sy m m etrisch  [14]. N u r zwei d er 4 W asse rs to ffa to m e, n äm lich  
H ^) u n d  H (2) sind  ä q u iv a le n t u n d  zw ar s tä rk e r  sa u e r , als in  einem  m onom eren  
W asse rm o lek ü l. H ingegen  is t  d ie  A z id itä t von  H (4) zufolge der hohen  E le k tro 
n e n d ic h te  geringer, als im  M onom eren . Die B in d u n g e n  H (1)----0 (i), H(2)—

0 ( X) u n d  H(3)— 0 (2) s in d  län g e r und  die B in d u n g  0 (2)—  H(4) k ü rz e r  als
m  is o lie r te n  H 20 -M olekü l. D a h e r  m uß  die A n la g e ru n g  w eite re r W asserm ole-

+ 0,0107
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k ü le  zu  u n sy m m etrisch en  S tru k tu re n  fü h re n , w obei auch die Ä q u iv a le n z  von 
H (1) u n d  H(2) v e rlo ren  gehen m uß. D ie b e i d e r B ildung  po ly m erer W asse rm o 
lek ü le  a u f tre te n d en  k o o p e ra tiv en  E ffe k te  bew irken  die w eitere  V e rk ü rz u n g
v o n  O(j)-------H(3) u n d  die w eitere V e rlä n g e ru n g  z. B. von H<3 0 (2). Diese
m it s te ig en d er M olekülgröße w ach sen d en  B indu n g sab stän d e  k ö n n e n  dazu 
fü h re n , daß  H e te ro ly se  u n te r  B ild u n g  e ines P ro to n s  und eines H y d ro x id io n s  
e in t r i t t ,  w elche jew eils  an  W asse rp o ly m ere  gebunden  sind. Ih re  P rä se n z  in 
flü ssig em  W asser als E rgebn is k o o p e ra tiv e r  E ffek te  "ist fü r die S ta b i l i t ä t  der 
F lü ss ig k e it erfo rderlich . Sie sind S M M -Z entren , w elche die F lü s s ig k e its s tru k tu r  
e rs t  erm öglichen. A uß erd em  liegen in  f lü ss ig em  W asser H oh lräum e v o r , w elche 
m it G asm olekülen  »besetzt« sein k ö n n e n  [13] u n d  welche als S M M -Z en tren  
S tru k tu rg ra d ie n te n  im  flüssigen W asse r e rr ic h te n .

In  A nalogie z u r E igen io n isa tio n  des W assers kann  in  e inem  K r is ta l l  die 
S ta b i l i tä t  von L eerste llen  u n d  Z w isc h e n g itte rp lä tze n  als E rgebnis k o o p e ra tiv e r  
W echselw irkungen  zw ischen den G itte rb a u s te in e n  aufgefaßt w e rd en . W ie  die 
K o n z e n tra tio n  der W assersto ffionen  u n d  d e r H ydrox id ionen  in  re in e m  W asser 
h ä n g t die K o n z e n tra tio n  der SM M -Z entren  in  einem  gegebenen K r is ta l l  von 
d e r T e m p e ra tu r  ab . D as P ro d u k t aus L ee rs te llen k o n zen tra tio n  c3 u n d  K o n 
z e n tra tio n  der Zw ischen g itte rp lä tz e  cz i s t  k o n s ta n t

«q • C2 =  K .

M it ste ig en d er T e m p e ra tu r  nehm en  G le ichgew ich tskonstan te  К  u n d  L e e r
s te lle n k o n z e n tra tio n  zu. B ei gegebener T e m p e ra tu r  bedingt E rh ö h u n g  v o n  «q 
E rn ie d rig u n g  von cz u n d  u m g ek eh rt. E rh ö h u n g  der L ee rs te llen k o n zen tra tio n  
b e d e u te t zugleich E rh ö h u n g  ih re r M o b ilitä t, w o rau f wir noch z u rü c k k o m m e n  
w erd en .

D ie L ee rs te llen k o n zen tra tio n  tq in  M eta llen  ist bei Z im m e rte m p e ra tu r  
in  d e r G rö ß en o rd n u n g  v o n  10-5  u n d  b e im  S chm elzpunk t um  e tw a  2 G rö ß en 
o rd n u n g e n  höher [15]. D ie A k tiv ie ru n g sen e rg ien  zur B ildung e in e r  L eerste lle  
w  b e tra g e n  e tw a 1 eV, zu r B ildung  eines Z w ischeng itterp la tzes h in g eg en  e tw a  
4 eV. I n  M etallen  m it d ich te s te r  K u g e lp a c k u n g  is t daher die L e e rs te lle n k o n 
z e n tra tio n  größer als d iejenige der Z w isch en g itte rp lä tze  [16]. F ü r  d ie  B ew eg
lic h k e ite n  in n erh a lb  d e r festen  P h ase  i s t  d a h e r  in  erster Linie die L e e rs te lle n 
d ic h te  m aßgeblich . D ie A nzah l der L e e rs te lle n  N j, is t im  Vergleich z u r  G e sa m t
zah l d e r G itte rb a u s te in e  N  du rch  die fo lg en d e  G leichung gegeben [17]:

c, =  =  e - wl*T
N

I n  Io n en k ris ta llen  k a n n  die Z ah l d e r  SM M -Zentren b e d e u te n d  h ö h er 
se in , z. B . b e trä g t diese in  einem  T iO -K ris ta ll e tw a  15% [18, 19] u n d  in  einem
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K ris ta l l  von  a -S ilb e rjo d id  (welches oberhalb  140 °C s tab il ist) k ö n n en  s ich  
die S ilberionen  »irgendw o« im  K ris ta ll b e f in d e n , so daß  der K a tio n e n a n te il 
des K ris ta lls  als »quasigeschm olzen« im  A n io n e n n e tz w e rk  aufgefaß t w e rd e n  
k a n n  [17].

5. D as Strain-Field-K onzept

E s w urde d a ra u f  h ingew iesen , daß jed es  S M M -Z entrum  n ich t n u r  u n te r  
e in em  gewissen S p a n n u n g sz u s ta n d  s teh t, so n d e rn  zugleich  einen so lchen  a u f  
se ine  U m gebung  a u s ü b t. D ie  w eitre ichenden  E ffe k te  sind  kon tinu ierlich . E in  
K o n tin u u m  w ird  gew ö h n lich  m it Hilfe des F c ld b e g riffe s  beschrieben. D as F e ld , 
w elches ein SM M -Z entrum  u n m itte lb a r  u m g ib t, i s t  das sogenannte » s tra in -  
field«  [20, 21]. D ieses F e ld  is t  der A usd ruck  des inhom ogenen  W irk en s v o n  
K rä f te n  in  en tg e g e n g e se tz te n  R ich tungen .

D ie W irk u n g en  des stra in -fie ld , w elches e in  SM M -Zentrum  u m g ib t ,  
m ö g en  m it den jen igen  des C oulom b-Feldes in  d e r  U m gebung  eines Io n s  v e r 
g lichen  w erden. D ie H y d r a ts t r u k tu r  in der U m g e b u n g  eines Ions w ird  als A u s
d ru c k  der W ech se lw irk u n g en  zwischen F e ld  u n d  L ösungsm itte l a u fg e fa ß t. 
A n alog  k an n  in  e inem  K r is ta l l  die s tru k tu re lle  A n o rd n u n g  der G itte rb a u s te in e  
in  d e r  U m gebung eines SM M -Zentrum s als A u s d ru c k  der W echselw irkungen  
zw ischen  s tra in -fie ld  u n d  G itte r  aufgefaßt w e rd e n . Ä hnlich , wie der A u fb a u  
e in e r  So lvathü lle  sow ohl d u rc h  die N a tu r des Io n s , a ls auch  durch die L ö su n g s
m itte le ig en sch a ften  g e p rä g t is t , so w ird die s t ru k tu re l le  A nordnung d er G it te r -  
b a u s te n e  sowohl d u rc h  die N a tu r  des S M M -Z entrum s, als auch durch  die G i t te r 
e ig en sch aften  b e s tim m t.

F ü r  H a lb le ite rk r is ta lle  w urde gefunden , d a ß  d as  stra in-fie ld  a u f  G ru n d  
d e r A u fsp a ltu n g  der A ccep to rzu stän d e  fa s t u n a b h ä n g ig  is t von der G röße des 
SM M -Z entrum s. D ie A u fsp a ltu n g  h än g t v o r  a lle m  von  den w echselse itigen  
e lek tro n isch en  E ffe k te n  (D onor-A cceptor-W ech se lw irk u n g ) ab [8].

6. W echselwirkungen zw ischen SMM-Zentren

D a ein s tra in -f ie ld  p rinz ip ie ll räu m lich  n ic h t  b eg ren z t ist, m üssen  W e c h 
se lw irkungen  zw ischen  d en  SM M -Zentren d u rc h  d ie  sie um gebenden s tr a in -  
-fie ld s erfolgen.

SM M -Zentren k ö n n e n  e inander anziehen  o d e r ab sto ß en , sich in  b e s t im m 
te n  R egionen  a n re ic h e rn  [22, 23] und  so in n e rh a lb  des K ris ta llg itte rs  m ik ro s 
k o p isch e  R au m b ere ich e  u n te rsch ied licher K o n z e n tra t io n  und  u n te rsch ied lich er 
A n o rd n u n g  der S M M -Z en tren  errich ten . E s  w ä re  ein  I r r tu m  eine R a n d o m - 
Y erte ilu n g  der S M M -Z en tren  innerhalb  des K ris ta llv e rb a n d e s  a n z u n e h m e n . 
V ie lm eh r coex istie ren  s tru k tu re lle  In h o m o g e n itä te n  in  M ikrobereichen des
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G itte rs  [23—25]. D iese sind  rö n tg en o g rap h isch  oder m it H ilfe von  D a m p f
d ruckm essungen  nach w eisb a r [23 — 25]. In  v ie len  F ä llen  en tz ieh en  sich  die 
M ikrophasen  dem  experim en te llen  N achw eis d ad u rch , daß  sie en tw ed e r n u r  
in  k leinen  M engen v o rh an d en  sind  oder im  R ö n tg en d iag ram m  d u rch  s ta rk e  
L in ien v e rb re itu n g en  v e rh ü llt  sind. Ih re  E x is te n z  b e d e u te t, daß  ein  R ea lk ris ta ll, 
w elcher th e rm o d y n a m isc h  ein hom ogenes S y s te m  d a rs te llt, s tru k tu re ll  d u rch  
ein  M uster von  In h o m o g e n itä te n  c h a ra k te r is ie r t  sein m uß. D ieses M u ste r is t 
T räg e r von  Q u a litä te n  z. B . In fo rm a tio n en , w elche w eder s ta tis t is c h  noch  
m eß techn isch  in  ih re r  C h a rak te ris tik  e r fa ß t w erd en  können .

7. Dynam ische A spekte

N eben lo k a len  Schw ingungen der B a u s te in e , w elche O szilla tionen  der 
E le k tro n e n d ic h te n  bew irken  [26—28], sind  die SM M -Zentren n ic h t an  b e s tim m 
te n  S tellen  des G itte rs  f ix ie rt. W ie schon e rw ä h n t, nehm en  ih re  B ew eglich
k e iten  m it s te ig en d e r K o n zen tra tio n  zu . D ie die SM M -Zentren um g eb en d en  
S tru k tu rg ra d ie n te n  en tsp rech en  G rad ien ten  des chem ischen u n d  e le k tro 
chem ischen P o te n tia ls , w elche die T r ie b k rä f te  fü r  die in  jed em  R e a lk ris ta ll 
erfo lgenden  P la tzw ech se lreak tio n en  d a rs te llen . Je d e  räum liche  V erän d eru n g  
b ew irk t s tru k tu re lle  V eränderungen  in n e rh a lb  m ikroskop ischer B ereiche u n d  
w eitere  P la tzw ech se lv o rg än g e . T ro tz  so lcher rä u m lic h e r V erän d eru n g en  b le i
b en  die m ak ro sk o p isch en  E igenschaften  des K ris ta lle s  u n d  seine c h a ra k te ris 
tisch e  In form ationssp«  icherung  e rh a lten  (U n te r  In fo rm atio n ssp e ich eru n g  v e r
s teh en  w ir a llgem ein  die von außen  im  K ris ta ll  in d u z ie rten  V erän d eru n g en , 
deren  F es ts te llu n g  In fo rm a tio n en  ü b e r den  U rsp ru n g  der V e rän d eru n g en  
e rg ib t [29]. B eide f in d  gegenüber den V erän d e ru n g en  in  M ikrobereichen  in 
v a r ia n t.

D ie R ege lm äß ig k e iten  du rch  w elche im  G leichgew icht sow ohl die m a k ro 
skopischen  E ig en sch a ften , als auch der In fo rm a tio n sg e h a lt e rh a lte n  b le iben , 
b e ru h en  a u f  e iner b e s tim m te n  O rdnung  in n e rh a lb  des S ystem s. E in e  O rd n u n g  
is t  n ic h t n u r d u rch  s ta tisc h e  A nordnung  gegeben , sondern  auch  d u rc h  R ege l
m äß ig k e iten  von  E re ign issen , wie sie z. B . fü r  d iss ip a tiv e  S tru k tu re n  k e n n 
zeichnend  sind. Im  K ris ta ll b e fin d e t sich ein  N eb en e in an d er u n d  M ite in an d er 
von  sow ohl s ta tisc h e n , als auch  dy n am isch en  O rd n u n g sasp ek ten .

I n  Ü b e re in s tim m u n g  m it dem  O rd n u n g sb eg riff  in  der B iologie [31] is t 
d er O rd n u n g szu stan d  eines System s um so h ö h e r,

1. je  k le iner d ie  E ffek te  du rch  E n e rg ieau fn ah m e ,
2. je  g rößer d e r W id ers tan d  gegenüber V erän d eru n g en ,
3. je  g rößer d ie  F äh ig k e it zu r In fo rm atio n ssp e ich eru n g ,
4. je  g rößer die U n ab h än g ig k e it d er In fo rm a tio n  von  der B ew egung  d er 

T eilchen.
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D er h ö c h s te  O rd n u n g szu stan d  in  einem  K ris ta ll is t d e r dynam ische  O rd n u n g s 
z u s ta n d , d a  er u n ab h än g ig  is t  g egenüber den  ta ts ä c h lic h  P ositio n en  d e r SMM- 
Z e n tre n , w elche d u rch  die d y n am isch e  O rd n u n g  k o n tro llie r t w erden .

S M M -Z entren  sind  n ic h t gleich. L eerste llen  s ind  allgem ein w id e rs ta n d s 
fä h ig e r  gegen  V erän d eru n g en  u n d  h ab e n  h ö h ere  B ew eglichkeiten , als a n 
dere  S M M -Z entren . D ie a n d e re n  G itte rb a u s te in e  sind  in  einem  Z u s ta n d  
n ie d e re r  O rd n u n g  (eher s ta t is c h  als d y n am isch ) u n d  die E le k tro n e n  in  einem  
n o c h  n ied rig e ren . Im  R a h m e n  d ieser D a rs te llu n g  w ollen  w ir b ew u ß t a u f  die 
u n te rsc h ie d lic h e n  E ig e n sc h a fte n  von  E le k tro n e n  im  so g enann ten  L e itfä h ig 
k e i ts b a n d  u n d  den so g e n a n n te n  in n e re n  E le k tro n e n  n ic h t eingehen. D ie  G it te r 
b a u s te in e  erscheinen  in  e in em  N etz  fe iner W echse lw irkungen  e in g esp o n n en , 
w elche  d e n  dynam ischen  V erä n d e ru n g en  des S ystem s u n te rw o rfen  sin d . D y n a 
m ik  b e d e u te t  also n ich t B ew egung  m ehr oder m in d e r u n ab h än g ig e r T e ilch en , 
s o n d e rn  ih r  geordnetes V e rh a lte n  in n e rh a lb  des vorgegebenen  k o m p lex en  
S y s te m s . D ie dynam ische  O rd n u n g  is t u n a b h ä n g ig  von  den  jew eiligen  P o si
t io n e n  d e r  einzelnen G itte rb a u s te in e , bzw . SM M -Z entren  u n d  sie re p rä s e n tie r t  
d ie  In fo rm a tio n  w elche fü r  d as  S y stem  c h a ra k te ris tisc h  is t. W as k o n s ta n t  
b le ib t ,  i s t  w eder die lokale  a n a ly tisc h e  Z u sam m en se tzu n g , noch  die L ag en  d e r 
G itte rb a u s te in e , sondern  d er c h a ra k te ris tisch e  O rd n u n g szu stan d  des K o llek 
t iv s . S o b a ld  die d y n am isch en  V erän d e ru n g en  in  sich  ru h en , k ö nnen  w ir  von  
e in e r  d y n am isch en  O rd n u n g  sp rech en , w elche ohne grobe äußere  E in w irk u n g  
n ic h t  v e rlo re n  geh t, also eine A rt p rim itiv e s  G ed äch tn is  h a t.

D e r  dynam ische  O rd n u n g sz u s ta n d  k a n n  w eder gem essen, n o ch  m it 
H ilfe  d e r  S ta tis t ik  e rfra g t w e rd en , w eil e r q u a lita tiv e n  C h a rak te r  h a t  u n d  
d a h e r  n u r  am  c h a ra k te ris tisch e n  R e a k tio n sv e rh a lte n  des G esam tsy stem s e r
k a n n t  w erd en  k a n n : je d e  V e rä n d e ru n g  des O rd n u n g szu stan d es b e d in g t 
e n tsp re c h e n d e  V e rä n d e ru n g en  v o n  b e o b a c h tb a re n  m akroskop ischen  E ig e n 
s c h a f te n .

D e r  dynam ische  O rd n u n g sz u s ta n d  e n th ä l t  O rd n ungse lem en te  w elche 
im  Z u g e  d er p h y sik a lisch en  oder d er b loß  gedan k lich en  Z erlegung des k o m 
p le x e n  S ystem s in  seine B e s ta n d te ile  u n w id e rru flich  verlo ren  gehen [30]. W as 
durch die Zerlegung an Präzision im  D etail gew onnen werden m ag, geht hiebei 
an Z usam m enhangserkenntnis (Inform ation) irreversibel verloren. D a h e r  k a n n  
d as  d y n am isch e  O rd n u n g sm u ste r  n u r  im  u n g eb ro ch en en  Z u sam m en h an g  des 
re a le n  Z u stan d es  e rfa ß t w e rd en . E s is t  d a h e r prinzipiell unm öglich, Struktur 
und E igenschaften der M aterie allein aus der K enntnis der E igenschaften der 
T eilchen  und ihrer unm ittelbaren W echselwirkungen abzuleiten. V ielm ehr 
m ü sse n  die O rd n u n g szu stän d e  des ko m p lex en  S y stem s, dem  sie u n te rw o rfe n  
s in d , b e rü c k s ic h tig t w erd en . W ir k ö n n en  n u r  jed o ch  beschreiben , w ie die d y 
n a m isc h e  O rdnung  das W echselw irkungsgefüge des System s b e n ü tz t  u n d  d a 
m it  m o d ifiz ie rt u n d  v e rä n d e r t .  D a m it k o m m en  w ir zu  einem  P r im a t des Q u a li
ta t iv e n  ü b e r  das Q u a n tita tiv e .
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O rd n u n g  h a t  im m er dynam ische  A sp ek te . Im  P rinz ip  lä ß t  s ich  O rdnung  
n u r  u n te r  A u s tau sch  m it d er U m gebung  a u frech te rh a lten  u n d  z w a r n u r im 
U n g le ich g ew ich tszu stan d . D ie A u frech te rh a ltu n g  des th erm o d y n am isch en  
G leichgew ichtszustandes e rfo rdert das Z usam m enw irken  m ik roskop ischer 
U ngle ichgew ich tszustände, ohne w elche d e r dynam ische  C h a ra k te r  des m ak
roskop ischen  G le ichgew ich tszustandes n ic h t m öglich w äre. D e m n a c h  bestehen  
k a u m  prinzip ielle , ab e r seh r w ohl en tsch e id en d e  graduelle U n te rsc h ie d e , vor 
a llem  betreffs d er K o m p le x itä t  zw ischen k o n se rv a tiv en  u n d  d is s ip a tiv e n  S tru k 
tu re n . B eide b ed ü rfen  g ru n d sä tz lich , w enn  au ch  in  s ta rk  u n te rsc h ie d lic h e r 
W eise der Z u fu h r von  E n erg ie .

Diese A ussagen  s te h e n  im  G egensatz  zu  dem  in  der S tru k tu r le h re  ge
b räu ch lich en  O rd n ungsbeg riff, n ach  dem  als O rdnung  die P r im itiv o rd n u n g  
im  fik tiv e n  Id e a lk r is ta ll angesehen  u n d  A bw eichungen  h ievon  a ls  M an ifesta 
tio n e n  der U n o rd n u n g  au fg e faß t w erden  [31]. A ufgrund  d ieser P h ilo soph ie  
w äre  A u stau sch  u n d  S pe icherung  von  In fo rm a tio n  a u f  Z u s tä n d e  d e r U n o rd 
n u n g  b e sc h rä n k t, im  E in k la n g  m it a n d e ren  u n h a ltb a re n  A u ssag en , w ie etw a 
derjen igen , daß  der R e a lk iis ta ll e in  M axim um  an  U nordnung  re p rä se n tie re  [32].

8. E rsch e in u n g en  im  O berflächenbereich

Die O b e rfläch en b au ste in e  h ab en  n ied rigere  K o o rd in a tio n sz a h le n , als 
die ü b rig en  G itte rb a u s te in e . D a h e r sind d ie  in te rn u k lea ren  A b s tä n d e  an  der 
O berfläche  k ü rze r, als die m ittle re n  A b s tä n d e  im  K ris ta ll [2, 31]. D ie  v o n  der 
O berfläche  ausgehenden  S tra in fie ld s  b ew irk en  s tru k tu re lle  In h o m o g e n itä te n , 
v o r allem  in  den  O berfläch en b ere ich en . S e lb st im  K ris ta ll eines E delgases 
tra g e n  die u n te r  d er O b erfläch e  liegenden  S ch ich ten  zur O berflächenenerg ie  
be i [34] u n d  in  einem  A lk a lih a lo g en id k ris ta ll is t der E in flu ß  d e r O berfläche 
n o ch  in  der fü n fte n  S ch ich te  fe s ts te llb a r  [35]. D ie M eßbarkeit v o n  O b erflä 
chen effek ten  e rs tre c k t sich  gegenw ärtig  a u f  B ereiche bis zu 10 n m  [36].

D ie G itte rk o n tra k tio n e n  im  O berflächenbere ich  bew irken  b e trä c h tlic h e  
S p an n u n g en  so d aß  K ra te r  u n d  R isse e n ts te h e n  m üssen , auch  d a n n , w en n  etw a 
d u rc h  Polieren  eine ebene O berfläche  a n g e s tre b t w ird . D ie B ild u n g  eines K ra 
te rs  oder R isses fü h r t  z u n ä c h s t zu r V erg rößerung  der O berfläche  u n d  d am it 
zu  zusä tz lich en  K o n tra k tio n e n  m it e n tsp rech en d  hohen  O berfläch en en erg ien . 
V or allem  an  den  K ra te r rä n d e rn  k o m m t es zu  s ta rk e n  K rü m m u n g e n , w elche 
m it den  sich d a rau s  e rg eb en d en  G itte rd e fo rm a tio n en  im  O b erfläch en b ere ich  
in  ü b e rtr ie b e n e r F o rm  b ild h a ft in  zw eid im ensionaler D a rs te llu n g  in  A b b . 4 
il lu s tr ie r t  sind . D a rau s  e rg ib t sich die N o tw en d ig k e it von  L eerste llen  m it in n e 
re r  O b erfläch en sp an n u n g , w elche d er ä u ß e ren  O b erfläch en sp an n u n g  e in  Ge
gengew ich t b ie ten . I n  A bb . 4 sch e in t zw ischen zwei K ra te rn  n u r  e in e  L eer
ste lle  au f, da zu r H e ra u sa rb e itu n g  des w esen tlichen  n u r w enige N e tz e b e n en
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Abb. 4 . B ildhafte, vereinfachte, zweidim ensionale D arstellu ng  der Anordnung von G itter
b au stein en  in  einem O berflächenbereich. Die K raterregionen entsprechen den höchsten lo 
kalen  Oberflächenenergien. Zur Stabilisierung der G itterkontraktion und Krümmung der Ober
fläch e  d ienen Leerstellen. D er besseren Übersichtlichkeit halber wurde die K rüm m ung über  

betont un d  nur eine Leerstelle ein getragen

zw isch en  zwei K ra te rn  e in g eze ich n e t w urden . T a tsä c h lic h  is t die A nzah l der 
N e tz e b e n en  zw ischen zw ei K ra te rn  w esentlich g rö ß e r  u n d  m it ih r  die A nzah l 
d e r L eerste llen  im  O berfläch en b ere ich . E in  O b erfläch en b ere ich  b e d a rf  um so 
s tä rk e re r  S tab ilis ierung  je  s tä rk e r  die O b e rfläch en k rü m m u n g . D e m en tsp re 
c h e n d  n im m t die Z ah l d e r L eerste llen  m it z u n e h m e n d e r  K rü m m u n g  zu. D ie 
lo k a le  L e e rs te lle n k o n ze n tra tio n  n im m t m it a b n e h m e n d e m  K rü m m u n g srad iu s  
d e r  O berfläche  zu, u n d  d a m it  die B ew eglichkeiten  der L eerstellen  [37, 38].

D ie  B ildung  z u sä tz lic h e r  Leerstellen im  Z uge  d e r K ra te rb ild u n g  k a n n  als 
E rg e b n is  von  G itte rk o n tra k tio n e n  an  der O b e rf lä c h e  g ed eu te t w erden . D iese 
e n ts p r ic h t  s tä rk e ren  k o o p e ra tiv e n  E ffek ten  zw isch en  den G itte rb a u s te in e n  
als im  K ris ta llin n eren . Z u r  B ild u n g  der L e e rs te lle n  m üssen G itte rb a u s te in e  
in  en e rg e tisch  günstigere  B ere ich e  des System s w a n d e rn . B evorzug t sind  h iebei 
die T ie fen  von K ra te rn  u n d  R issen . Die E in la g e ru n g  eines B austeines in  einen  
K r a te r  fü h r t  zur V e rm in d e ru n g  der lokalen O berflächenenerg ie  u n d  n a c h  der 
e rs te n  u n d  d r itte n  R ege l des erw eiterten  D o n o r-A ccep to r-K o n zep tes  [2] zu 
V erlän g eru n g en  der b e n a c h b a r te n  in te rn u k le a ren  A b stän d e  im  K ra te r . H ie 
d u rc h  w ird  der K ra te r  v e re n g t. Die V e rän d e ru n g en  der in te rn u k lea ren  A b
s tä n d e  b leiben n ich t a u f  d iesen  Bereich b e s c h rä n k t, sondern  setzen  sich  vo r 
a llem  in n erh a lb  des O berflächenbere iches u n te r  g leichzeitiger W an d eru n g  von  
L e e rs te lle n  fo rt u n d  zw ar d e ra r t ,  daß  die K ra te r r ä n d e r  gew eitet w erden . D ieses 
W echse lsp ie l b ew irk t a lte rn ie re n d e  V erengungen  u n d  V erb re ite ru n g en , also
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P u lsa tio n en  im  K ra te rb e re ic h , deren  B e d e u tu n g  an  an d e re r S telle  n ä h e r  au s
g e fü h rt w erden  w ird .

Diese E ffe k te  w erd en  um so a u sg e p rä g te r  sein, je  g rößer die zusätz liche  
L eerste llen zah l u n d  je  größer die Z ah l d er in  die K ra te r  aus dem  G itte r  e in
fließ en d en  G itte rb a u s te in e , so daß  eine A rt p la s tisch en  F ließens e in tr i t t .  D u rch  
die Sum m e a ller E ffe k te  w erden e rheb liche  E n e rg ieb e träg e  b e i der B ild u n g  
u n d  der d a m it v e rb u n d e n e n  (teilw eisen) A u ffü llu n g  der K ra te r  in  deren  B e
re ich en  lokal in  F re ih e it  gese tz t. T a tsäch lich  w ird  die E m ission  v o n  E x o e lek tro - 
n en  bei der B ild u n g  n e u e r O berflächenbere iche  oder bei der Z erk le in eru n g  v o n  
K ris ta lle n  b e o b a c h te t [39, 40]. D ie p h o to g rap h isch e  R eg is trie ru n g  d er E m ission  
d e r E x o e lek tro n en  erm ö g lich t sogar die to p o g rap h isch e  E rk e n n u n g  v o n  K ra 
te rn  [39].

In  n ich t s tö ch io m etrisch  zu sam m en g ese tz ten  F e s tk ö rp e rn  tra g e n  die 
F re m d b au s te in e  en tsch e id en d  zur O b e rfläch en s tab ilis ie ru n g  bei. I n  den  
O b erfläch en b ere ich en  sind  die L öslichkeiten  schw er löslicher F re m d b a u s te in e  
g rößer, als in  a n d e re n  K ris ta llb ere ich en . D iese w an d ern  d ah e r in  die O ber
fläch en zo n en , wo sie sich  an re ichern  u n d  jew eils  c h a rak te ris tisch e  A n o rd 
n u n g en  c innehm en . So is t  beispielsw eise die V erte ilu n g  der im  O b erfläch en 
b ere ich  von  Ir id iu m  an g ere ich erten  S au e rs to ffa to m e  von  der E n tfe rn u n g  von  
der P h asen g ren zfläch e  abhäng ig , w obei in  den  u n te rsch ied lich en  N e tzebenen  die 
c h a ra k te ris tisch e n  M erkm ale  des In h o m o g e n itä tsm u s te rs  e rh a lte n  b le iben  [41].

D em nach  ze ig t eine K ris ta llo b erfläch e  ein  hochd ifferenziertes u n d  d y 
nam isch  sich än d e rn d es  O berfläch en m u ster. D ie b ek a n n te n  In h o m o g e n itä te n  
sind  n ich t n u r, w ie b ish e r angenom m en, to p o lo g isch er N a tu r  [42—44], son
d e rn  sie e n th a lte n  au ch  die S tru k tu r in fo rm a tio n  der sie e inhü llenden  P h ase  
in  in te g rie r te r  flach -d re id im en sio n a le r F o rm . P rin z ip ie ll is t je d e r  P u n k t  des 
G esam tsy stem s — w enn  auch  in  u n te rsch ied lich e r W eise an  d er O berfläche  
re p rä se n tie r t , w elche so m it an  jed em  P u n k t  d e r O berfläche  ein von  diesem  
aus gesehenes A b b ild  d er gesam ten  P h ase  b ie te t .  D eshalb  k a n n  es n ich t ziel
fü h re n d  sein, die E ig en sch aften  eines P u n k te s  iso lie rt als E ig en sch aften  des
selben  v e rs teh en  zu  w ollen.

9. A llgem eine G esich tspunk te

Die en tsch e id en d e  R olle der d y n am isch en  E ig en sch aften  w urde  b ish er 
zu w enig  b e a c h te t, da  m an  den Id e a lk ris ta ll als h ö ch stg eo rd n e t den B e tra c h 
tu n g e n  zug runde geleg t h a t ,  w elcher jed o ch  n u r  e in  B ild  einer g ed ach ten  M atrix  
v e rm itte lt ,  a u f  w elcher die q u a lita tiv e n  E ig en sch a ften  e rs t »eingetragen« sein 
m üssen . D er K ris ta ll w ird  erst du rch  die d y n am isch e  O rd n u n g  zum  In fo rm a 
tio n s trä g e r  m it p rim itiv e m  E rin n eru n g sv erm ö g en .

D am it s teh en  die V eränderungen  d er F e s tk ö rp e r , wie sie du rch  Ä n d e
ru n g en  der U m gebung  h ervo rgeru fen  w erden , zu  diesen ü b e r die Ä nd eru n g en
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des d y n a m isc h e n  O rd n u n g szu stan d es  in  B eziehungen , w elche au ch  fü r  d en  
P r a k t ik e r  v o n  In teresse  sind . B eispielsw eise w ird  die dynam ische  O rd n u n g  
d u rc h  T e m p e ra tu r , D ru ck , O b e rfläch en b eh an d lu n g , K o rn g rö ß e , A d so rp tio n  
v o n  S tra h lu n g , um gebende F e h le r  oder d u rch  m echan ische D efo rm a tio n en  
v e rä n d e r t ,  w odurch  z. B . O berfläch en en erg ie , R e a k tiv i tä t ,  k a ta ly tisc h e  u n d  
e p ita k tis c h e  E igenschaften , L ö slich k e it, L e itv erm ö g en , V erh a lten  be i p la s 
t is c h e r  o d e r e lastischer D e fo rm a tio n , H ä r te , S p rö d ig k e it, A dhäsion , e n ts p re 
ch e n d  v e rä n d e r t  w erden. U b er d e ra r tig e  B eziehungen  soll in  w eite ren  A rb e ite n  
b e r ic h te t  w erden .
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A t 293 K , up to pressures o f about 105 P a carbon dioxide is  bou nd  practically  
exclusive ly  in the pores o f the zeolite com ponent o f rock samples. T he m ordenite (M) 
content and the clinoptilolite (C) content in  each  o f four samples from  variou s deposits 
■were determ ined b y  com paring their C 0 2 adsorption capacities w ith  th a t  o f  m ordenite  
and clinoptilolite reference sam ples o f know n purity. The samples were converted  into 
the H -form  by deam m oniation o f the am m onium  forms. The sam ple contain ing C in 
H -form  has a greater adsorption capacity for K r, N2, S 0 2 and C02 than th e  original rock. 
The capacity  increases even further upon acid treatm ent. This is due to  changes in  the 
free pore dim ensions. C-samples treated w ith  acid are energetically m ore heterogeneous, 
their interaction  w ith Kr and N 2 is m uch stronger. On the basis o f characteristic  energies 
obtained  according to the Pore-Filling T heory and the isosteric heats o f  adsorption de
term ined at low  coverages, conclusions are drawn concerning the ty p e s  o f  adsorptive 
interaction  energies on H-C and on C treated  w ith  acid.

In tro d u c tio n

Z eo lite  c o n ta in in g  rocks are  m u ch  less expensive th a n  s y n th e tic  zeolites, 
hence th e ir  ex ten siv e  ap p lica tio n  in  in d u s t ry  a n d  env iro n m en t p ro te c tio n  is 
to  be ex p ec ted . A  series o f ad so rb en ts , ev e n  c a ta ly s ts  can  he p re p a re d  b y  su it
able t r e a tm e n t  o f  rocks rich  in  zeolites. L ik e  o th e r  su b stan tia l d e p o s its  o f  zeo
lite  th e  w o rld  over, th e  se d im e n ta ry  rocks o f  th e  T okaj range c o n ta in  tw o  im 
p o r ta n t  v a rie tie s  o f  zeolite , viz. c lin o p tilo lite  an d  m orden ite ; g re a t  am o u n ts  
o f  th e se  a re  p re se n t as rock  c o n s titu e n ts  in  m icrocrystalline fo rm  [1, 2 ].

I n  o rd e r to  be able to  u tilize  se d im e n ta l deposits of vo lcan ic  o rig in  (rhyo 
lite  tu ffs )  as c a ta ly s ts  or ad so rb en ts , f i r s t  o f  all th e  n a tu re  of th e  co m p o n en t 
zeo lite  m u s t he know n. T his req u ires  th e  know ledge of its  a d so rp tio n  a n d  ion 
exchange  p ro p e rtie s , chem ical com po sitio n  a n d  d ispersity  as w ell as its  sec
o n d a ry  p o re  sy stem , m inera l co m position , m echan ical s tre n g th , etc. T h u s  th e  
e x a c t d e fin itio n  o f th e  zeolite phase  is o f  p r im a ry  im p o rtan ce : th is  ph ase  is 
p rin c ip a lly  responsib le  fo r th e  ad so rp tio n  a n d  ca ta ly tic  p ro p ertie s  o f  th e  given 
rock .

T h e  p h y sica l a n d  chem ical p ro p e rtie s  o f  zeolites are r e la tiv e ly  easy  to  
ch an g e  b y  m ean s o f  ion  exchange. In  th is  w a y  th e ir  m olecular sieve  p ro p e rtie s
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can  b e  m o d ifie d  w ith  c o m p a ra tiv e  ease [3], as c a n  b e  th e ir  ad so rp tio n  se lec
t iv i ty  [4 ], c a ta ly tic  [5] a n d  som e o th e r p ro p e rtie s . A m ong  th e  m o d ifica tio n s , 
th e  so -ca lled  H -zeo lites, i.e. th e  decation ized  fo rm s , rep re sen t a fu n d a m e n ta l 
ty p e  o f  zeo lite  c a ta ly s ts . O u r s tu d ies  concern m a in ly  th ese  H -form s.

I n  th is  p a p e r  we discuss th e  d e te rm in a tio n  b y  gas adso rp tion , in  co m 
p ariso n  w ith  ion  ex ch an g e , o f  th e  zeolite c o n te n t  o f  H u n g arian  p y ro c la s tic  
rocks w h ic h  c o n ta in  c lin o p tilo lite  or m orden ite . B esid es  th is  we re p o rt on  som e 
c h a ra c te r is tic  fea tu re s  o f ad so rp tio n  on c lin o p tilo lite .

Experimental

Geological and chemical characterization o f  the rocks

T he sites in  the Tokaj region, where the sam ples were collected, are listed in  T able I 
together w ith  a petrographical characterization [6] and the zeo lite  types (M for m ordenite, C 
for c linoptilo lite  content) found in the rock by means of X -r a y  diffraction. In each sam ple su b 
stantia l am ounts o f  quartz (crystobalite) are also present.

Table I

Site, short description and m ain mineral constituents o f  the rock samples studied

No
M ark S ite Geological d e s c r ip tio n

M ain
m in e ra l

c o m p o n e n t

I Bodrog-
keresztur

Light green, hard, compact devitrified  pumiceous zeo- 
litic  rhyolite tuff

M

и Mezőzombor Light green, hard, zeolitic, volcan ic  ooze tuff M

i n M ezőzombor Greenish grey zeolitic rhyolite tu ff  im pregnated with 
hydrohaem atite

M

IY M ezőzombor Greenish grey, microporous, hydrohaem atitic zeolitic 
rhyolite tu ff

M

V Mád Light greenish grey, hard, cem ented zeolitic pumice c
Y I Sátoraljaújhely Dark greenish grey, dense, layered rhyolite tuff c
VII Mád Greenish grey, crumbly, fibrous, pum iceous vitreous 

tu ff
c

V III Tolcsva Greenish light grey, hard, fine-grained, zeolitic, layered 
pyroclastic sandstone

c

T he chem ical com position o f sam ples M I-IV is d e ta iled  in  Table II, that o f sam ples  
C Y -V III, in Table III . The Si to A l ratio is generally greater, due to  contam ination w ith  silicon  
rich com pounds, than in  m ordenite or clinoptilolite generally .

As reference substance we used a practically pure sy n th etic  mordenite (M -N O R TO N , 
N orton Chem. Proc. Prod. D iv ., W orchester, Mass., U .S .A .) and a rock containing ca. 90%  
clinoptilolite  (C-HECTOR, San Bernardino Co., Calif., U .S .A .)  [7].
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Table II

Chemical composition o f the mordenite-conlaining rock sam ples studied

M -I M -II M -III M -IV

C om ponent
(w t.% )

/  m m o l \
(w t.% )

/  m m o l \
(w t.% )

/ m m o l \
(wt.%)

/  mmol \
\  g / \  g / \  g / \  g /

SiO„ 73.35 12.2 75.90 12.0 72.51 12.0 75.51 12.6

AU03 11.08 1.08 11.16 1.09 11.13 1.09 1 1 . 2 2 1.10

F e20 3 0.90 0.056 0.70 0.044 1.4 0.087 1 .2 0.075

h 2o 5.97 3.31 4.47 2.48 6.77 3.76 5.32 2.95

Si
Al

5.65 5.78 5.50 5.73

(wt.%) (?) (w t.% ) (?) (w t.% ) (?) (w t.% ) (?)
N a 20 1.33 0.42 1.10 0.36 1.44 0.46 0.90 0.28

K 20 5.48 1.16 5.33 1 .1 2 4.89 1.04 4.12 0.88

MgO 0.15 0.074 0.77 0.38 0.82 0.40 0.88 0.44

CaO 1.70 0.60 0.54 0.18 1.05 0.38 0.88 0.32

2 , m eq  

g
2.25 2.04 2.28 1.92

Ion  exchange

capacity 0.74 0.55 0.75 0.66
(  meq \
l  g J

Prelreatment o f  sam ples

Zeolites in the sam ples m entioned before were converted to the H -form  either by de- 
am m oniation of the am m onium  ion exchanged sam ple or by treatm ent w ith  hydrochloric acid.

After com m inution o f the rock sam ple, 100 g o f the particle size fraction  betw een 1.0 
and 1.6 mm was refluxed in 2 N  aqueous am m onium  nitrate (400 m l )  for 4 hours. This ope
ration  was repeated tw ice. In the course of th is treatm ent a great part o f the m obile cations 
in  the rock sam ple w as replaced by am m onium  ions. These am m onium  ions were subsequently  
rem oved by heating the sam ple under reduced pressure and thus the H -form  was obtained  
(in  consequence o f  the process N H 4-zeol — NH^ +  H-zeol). The ex ten t o f  ion  exchange was 
determ ined by allow ing the am m onia liberated from  the sample upon heating  to 1000 К  to be 
absorbed by acid o f known concentration and back-titrating the acid. These ion  exchange 
figures, referring to unit m ass o f the so-called air-dry N H ,-form , are g iven  in  the la st lines in 
Tables il and i l l .

W ith acid-resistant zeolites — as m ordenite and clinoptilolite are — an acid treatm ent 
can  also be used w ithout the risk of destroying the crystal lattice. Acid trea tm en t was carried 
o u t w ith 1 JV hydrochloric acid in the sam e w ay as ion exchange w ith  am m onium .

M ethods

Before determ ining the adsorption isotherm s the samples were kep t a t a pressure of 
about 0.1 Pa and at a tem perature o f 623 К  for 8 hrs. Due to this trea tm en t, the sam ples be
cam e com pletely dehydrated and deam m oniated into the H-form. In w h at follow s, the ad-
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Table III

Chemical composition o f  the clinoptilolite-containing rock sam ples studied

c-v C-VI C -V I C -V III

C o m p o n e n t
(w t.% )

/  m m o l \
(w t.% )

/  m m ol \
(w t.% )

/  m m o l \
(wt.%)

/  m m o l \
\  g / \  g / \  g / \  g /

S i0 2 72.87 12.13 76.01 12.65 76.02 12.65 76.83 12.79
A120 3 12.36 1 . 2 1 9.27 0.91 12.14 1.19 11.45 1 . 1 2

F e20 3 1.14 0.07 1.60 0 .1 0 1 . 2 1 0.08 1.17 0.07
H 20 6.97 3.87 7.48 4.15 6.13 3.40 6.29 3.50

Si
A l

5.01 6.95 5.31 5.7

(w t.% ) (?) (w t.% ) (?) (w t.% ) (?) (W t.% ) (?)
N a20 0.78 0.25 0 . 8 8 0.28 0.49 0.16 0.36 0 . 1 2

K 20 2.49 0.53 2.06 0.44 1.72 0.36 1.33 0.28
MgO 1.57 0.78 0 . 1 0 0.05 1.13 0.56 0.82 0.41
CaO 1.78 0.64 2.57 0.92 1.14 0.40 1.72 0.62

2  m eq
g

2 . 2 0 1.69 1.48 1.43

Ion exchange

capacity 1.19 1.07 0.65 0 . 6 6

( m e q 'j
V g J

sorbed am oun t of gas is related to  one gram  o f sample thu s pretreated . Adsorption isotherm s 
were determ ined  in a B ET apparatus.

X -ra y  diffraction was m easured w ith  a Phillips PW -1050 large angle powder diffractom 
eter usin g  а Я =  0.1141 nm  Cu K a radiation  filtered through a n ickel foil.

Determ ination o f  the zeolite content o f rhyolite tuffs

T h e  d e te rm in a tio n  o f  th e  zeo lite  co n ten t o f a n y  su b s ta n c e , e.g. rock  sam 
ples o r su p p o rte d  zeolite  c a ta ly s ts , w hich also c o n ta in  o th e r c rysta lline  or 
a m o rp h o u s  com ponen ts, is feasib le  i f  a p ro p e rty  is m easu red  w hich is pecu lia r 
to  th e  zeo lite  alone, or w h ich  is in  a d irect a n d  u n e q u iv o c a l re la tionsh ip  w ith  
th e  z eo lite  co n ten t. T hus th e re  a re  cases w hen  io n  ex ch an g e  capac ity , a d so rp 
tio n  c a p a c ity , th e  h e a t o f  w e ttin g , or even th e  c a ta ly t ic  a c tiv ity  in  a te s t  r e 
a c tio n , a re  found  to  give v a lid  conclusions concern ing  th e  zeolite co n ten t.

O fte n  no q u a n tita tiv e  conclusions can be  d ra w n  fro m  X -ra y  pow der dif- 
f ra c to g ra m s  because th e  in te n s itie s  o f reflec tions a re  n o t  necesserily  p ro p o r
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tio n a l to  th e  zeo lite  c o n te n t due  to  som e loss o f sh o rt-ran g e  o rd e r [8]. U ncer
ta in tie s  arise also fo r zeolites p re se n t in  n a tu re  exclusively , e.g. c lin o p tilo lite , 
because  no 100%  p u re  s ta n d a rd  re fe ren ce  sam ples o f th e  sam e com position  
as th e  specim ens to  be s tu d ied  a re  av a ilab le . (The in ten sities  o f  th e  in d iv id u a l 
re flec tio n s v a ry  also w ith  th e  c a tio n ic  com position .) M oreover, som e re flec tions 
due  to  th e  c o n co m itan t m inera ls  m a y  coincide w ith  peaks c h a ra c te r is tic  of 
zeo lites. T hus, v a rio u s ap p ro x im a tio n s  shou ld  be used  w hen  X - ra y  d iffrac tio n  
is em ployed  [9]. W e f in d  th a t  i t  is ad v isab le  to  com pare q u a n t i ta t iv e  d a ta  
o b ta in e d  b y  X -ra y  d iffrac tio n  w ith  re su lts  o f o th e r m eth o d s, fo r  te s t in g  the  
re lia b ility  o f th e  fo rm er.

As for th e  d e te rm in a tio n s  o f  th e  zeo lite  co n ten ts  o f rocks, w h ich  we are 
go ing  to  describe, a tte n tio n  shou ld  be  p a id  to  th e  presence o f v a r io u s  m inerals 
a n d  to  th e  chem ical com position  o f  th e  zeolites w hich in flu en ce  th e  io n  ex
ch an g e  and  a d so rp tio n .

Io n  exchange

T o ta l a lka li an d  alkaline e a r th  c o n te n ts  do n o t allow  conclusions con
cern in g  th e  zeolite  c o n te n t o f th e  v a r io u s  rocks because a s ig n if ican t a m o u n t of 
th e se  ions is in  th e  co n co m itan t m in e ra ls  a n d  n o t in  th e  zeolite  p h a se . N eith er 
can  th e  zeolite  c o n te n t be d eriv ed  fro m  th e  to ta l  am o u n t o f e x c h an g eab le  ca
tio n s , i.e. from  th e  to ta l  ion  ex ch an g e  c a p a c ity  o f th e  sam ples, b ecau se  ion 
exch an g e  is possib le also w ith  th e  non -zeo litic  phase.

T he ion  exchange c a p ac ity  o f  a  ro ck  sam ple  is th e  a m o u n t o f  c a tio n  equi
v a le n ts  referred  to  1 g a ir-d ry  ro ck  sam p le  (in  equ ilib rium  w ith  a v a p o u r  p res
su re  o f 2000 P a , a t  293 K ) th a t  c a n  be ex ch an g ed  for am m o n iu m  ions upon 
th e  t re a tm e n t described  in  th e  E x p e r im e n ta l (c f . la s t line in  T ab les I I  a n d  I I I ) .

A dsorp tion  o f  carbon dioxide

I f  th e  ad so rp tio n  c a p ac ity  o f  th e  zeo lite  itse lf  in  th e  rock  is d e te rm in ed , 
i.e. th e  so rp tio n  c a p a c ity  o f  c o n c o m ita n t m inera ls  is neglig ib le, th e  zeo lite  con
te n t  can  be in fe rred  from  th e  a d so rp tio n  c a p a c ity  of rock  sam p les . F o r  th is 
in ference  to  be v a lid  i t  is n ecessary  t h a t  a su itab le  ad so rb a te  sh o u ld  be  chosen, 
w h ich  adsorbs o n ly  in  th e  zeo lite -m icropores an d  p rac tica lly  n o t  a t  a ll on the  
o u te r  surface, an d  on o th e r co m p o n en ts  o f  th e  rock . T his la t te r  c o n d itio n  can 
be checked  b y  in d e p e n d e n t te s tin g  o f  th e  in d iv id u a l com ponen ts in v o lv e d  (or of 
su b stan ces  w ith  s im ila r s tru c tu re s )  fo r ad so rp tio n  p ro p ertie s  u n d e r  specific 
cond itio n s. W e h av e  fo u n d  th a t  c a rb o n  d ioxide ad so rp tio n  up  to  a b o u t  105 P a 
(p r o f  to  2 X 1 0 _ 2) a n d  293 К  p ra c tic a lly  sa tisfies all th e  re q u ire m e n ts .

P re lim in a ry  s tu d ies  h av e  sh o w n  th a t  th e  so rp tio n  c a p a c ity  th u s  m easu red  
dep en d s on th e  chem ical co m p o sitio n  o f th e  zeolite , on th e  n a tu re  a n d  d is tr i
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b u t io n  o f  th e  cations. T h e re fo re , these  u n c e rta in tie s  c a n  be e lim in a ted  b y  m eas
u re m e n ts  w ith  sam ples in  th e  H -form . T hen  th e  d ev ia tio n s  o f th e  so rp tio n  
c a p a c it ie s  of the  rock  sa m p le s  can  be reg a rd ed  as b e in g  due to  th e  d iffe ren t 
z e o lite  co n ten ts .

W h e n  p reparing  th e  H -fo rm , i.e. in  th e  co u rse  o f  th e  rem oval o f  w a te r  
a n d  a m m o n ia  from  th e  zeo lite s  in v estig a ted , th e ir  p o re  sy stem  becom es acces
s ib le  w ith o u t any  d am age o f  t h e  c ry s ta l la ttic e  o f  m o rd e n ite  or o f  c lin o p tilo lite . 
U p o n  ad so rp tio n , th e  m ic ro p o re s  free from  w a te r  a n d  ca tio n s becom e s a tu ra te d  
w i th  th e  adsorp tive. T h e  a d s o rp tio n  iso therm  is , g en era lly , o f ty p e  I . B e tw een  
th e  b o ilin g  poin t a t  a tm o sp h e r ic  pressure a n d  th e  c ritic a l te m p e ra tu re  o f  th e  
a d s o rp t iv e ,  these iso th e rm s  c a n  be described w ith  su ffic ien t accu racy  on  th e  
b a s is  o f  th e  P ore-F illing  T h e o ry , b y  the  e q u a tio n

( 1 )

in  w h ic h  a is the  ad so rb ed  a m o u n t of gas, a 0 is th e  ad so rb ed  am o u n t o f gas a t 
s a tu r a t io n  pressure, n is a sm a ll in teger, E  is th e  so -ca lled  ch a rac te ris tic  energy , 
a n d  A  is  th e  d ifferen tia l m o la r  adsorp tion  w o rk  to  be ca lcu la ted  accord ing  to

A  =  R T  I n —  (2)
P

in  w h i c h / s is the  fu g a c ity  o f  th e  adsorp tive a t  s a tu r a t io n  p ressu re  an d  p  is th e  
e q u il ib r iu m  pressure [10].

COo adsorp lion  is o th e rm s  recorded up  to  105 P a  (p r 2 X 10-2 ) a t  293 К
c a n  b e  described b y  E q . (1), a n d  are linear w h e n  log  a is p lo tte d  a g a in s t A 3 
(F ig . 1). The in te rcep t o f  th e  ex trap o la ted  s t r a ig h t  line gives th e  a m o u n t of 
a d s o rb e d  gas (a0) a t  s a tu r a t io n  pressure; i ts  s lope  defines th e  c h a ra c te r is tic  
e n e rg y  E  (cf. Table IV ).

F o r  the  sake o f c o m p a riso n , carbon d io x id e  a d so rp tio n  capac ities a n d  
c h a ra c te r is t ic  energies o f  th e  reference sam ples M -N O R T O N  an d  C -H E C T O R , 
b o th  in  H -form , were also  d e te rm in e d  (cf. la s t  lin e  in  T ab le  IV ).

T h e  charac teris tic  en e rg ie s  E  in  T able IV  d iffe r for rock  sam ples w h ich  
c o n ta in  m ordenite a n d  c lin o p tilo lite  b u t are  p ra c tic a lly  in d ep en d en t o f th e  
a d s o rp t io n  capacities o f  ro c k  sam ples w ith  a g iv en  zeo lite . ( I t  shou ld  be n o te d  
t h a t  in  our experience th e  ch a ra c te ris tic  en e rg y  E  v a rie s  w ith  th e  c a tio n  in 
tro d u c e d  b y  ion exchange.) T h is  is in  ag reem en t w ith  th e  fac t th a t  th e  a d so rp 
t io n  o f  carbon  dioxide o ccu rs  p red o m in an tly  o n  th e  sam e m ineral co m p o n en t, 
i.e . o n  th e  H -zeolite o f  th e  ro c k  sam ples. T he zeo lite  c o n te n t o f ro ck  sam ples 
c a n  b e  de term ined  on th e  b a s is  of b o th  ion  e x ch an g e  an d  ad so rp tio n  c a p a c ity  
w h e n  th e  values found  a re  r e la te d  to  some su ita b le  s ta n d a rd  of b o th  m o rd en ite  
a n d  c linop tilo lite .

Cl —  f ln  6 (4 )"
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lg a

05 ■

v» HC-Hcctor

-0.5
HC VII.

2 3
A1 -10'1

F ig. 1. Adsorption isotherm s of carbon dioxide on rock samples which contain  H -m ordenite

(H M ) or H -clinoptilolite (HC), recorded a t 293 К  and p lotted  as log a vs. A 3 (a , m m °  -  ; A ,  —— pi
V g m o l)

Table IV

Characteristics o f carbon dioxide adsorption on sample containing H-mordenite (HM ) or H -cli
noptilolite  (HC)

M ark

E

)
\  m ol '

n

«0
/  m m o l \  

* g '

M ark

E

{— )\  m ol /
n /  m m o l \

\  g /

HM-I 16.7 3 1.25 HC-V 19.3 3 1.61

HM -II 16.7 3 0.89 HC-VI 19.7 3 1.47
H M -III 16.7 3 1.25 HC-V11 18.8 3 0.71
HM -IV 16.7 3 0.98 HC-VI1I 19.7 3 0.80

HM -NORTON 16.7 3 3.44 HC-HECTOR 19.7 3 2.59

Table V

Zeolite content (%) o f rock samples determined on the basis o f  ion exchange and adsorption capacities

M -I M -II M - I I I M -IV c-v C-VI C -V II C -V III

Ion  exchange 32
•

24 32 28 53 48 29 30

Adsorption 36 26 36 29 56 51 25 28

W ith  th e  io n  exchange c a p a c ity  ta k e n  from  th e  l i te ra tu re  [11] as 2.32 
m eq /g  for m o rd en ite , an d  2.23 m eq /g  fo r c lino p tilo lite  (ca lcu la ted  fo r  th e  air- 
-d ry  N H 4-form s) th e  figures g iven  in  th e  f irs t  line of T able У c h a ra c te r iz e  th e  
zeo lite  co n ten t o f th e  sam ples te s te d .
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T h e p rac tica lly  100%  p u re  Н М -N O R T O N  m o rd e n ite  an d  th e  90%  p u re  
H C -H E C T O R  c lin o p tilo lite  specim ens w ere th e  re fe rence  s ta n d a rd s  fo r a d 
s o rp tio n  cap ac ity  ( cf. la s t  lin e  in  T able IY ). T h e  zeo lite  c o n ten ts  th u s  o b ta in e d  
a re  show n  in th e  second  lin e  o f T able Y.

T h e  tw o zeo lite  c o n te n ts , d e te rm in ed  b y  d iffe ren t tech n iq u es agree 
r a th e r  w ell, especially  w h e n  also th e  m in era l in h o m o g en e ity  of th e  rocks is 
co n sid e red .

C haracterization  o f  th e  clin op tilo lite  stru cture b y  gas adsorption iso th erm s

F o r th is  s tu d y , sam p le s  from  R á tk a  in  th e  T o k a j reg ion  w ere u sed . T his 
is a  d ep o sit rich  in  c lin o p tilo lite , whose c o n te n t  ca lcu la ted  from  am m onium  
ex c h a n g e  capacities a n d  c a rb o n  dioxide a d so rp tio n  am o u n ts  to  63 a n d  6 0 % , 
re sp ec tiv e ly . The ch em ica l com position  of th e  n a tiv e  rock , th e  p ro d u c t ion  
e x ch an g ed  w ith  a so lu tio n  o f  am m onium  c h lo rid e , an d  th e  p ro d u c t t re a te d  
w ith  a 1 N  hyd ro ch lo ric  a c id , are given in  T ab le  V I. T hese sam ples w ere te s te d  
fo r  k ry p to n  and  n itro g e n  a d so rp tio n  a t 77 K , fo r ca rb o n  dioxide ad so rp tio n  a t  
195 K , an d  for su lfu r d io x id e  a t  its  boiling p o in t a t  a tm o sp h eric  p ressu re , i.e. 
a t  263 К  (re levan t iso th e rm s  are show n in  F ig . 2).

Table VI

Chemical composition o f the clinoptilolite-conlaining native rock before and after treatment ivith  1 -Y 
hydrochloric acid and ion exchange w ith  N H 4C1

Component

Native
rock

Sample treated 
with 1 N  HC1 NH^--ionic form

(wt.%)
mmol \ (wt.%) /  mmol \ (wt.%)

/ mmol \
g / \  g / v g /

S i0 2 80.3 13.4 85.4 14.2 83.7 13.9

A 1 .0 , 11.4 1.1 9.7 1.0 12.4 1.2

F e„ 0 3 1.1 0.7 0.07 0.05 1.2 0.07

Si
A l

6.1 7.17 5.8

(wt.%) (V) (wt.%) (?) ' (wt.%) (?)
N a 20 0.27 0.09 0.27 0.09 0.19 0.06

k 2o 3.26 0.69 2.61 0.55 1.98 0.42

MgO 0.67 0.33 0.23 0.10 0.27 0.13

CaO 2.89 1.02 1.00 0.36 0.30 0.11

£  m eq
g

2.13 1.0 0.72
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2 A 6 8
P - U f ‘ , Pa

2 4 6 8
p-10'*, Pa

F ig. 2. Adsorption isotherm s for the clinoptilo lite-containing Rátka deposit (d ), for its  H -form  
prepared from the am m onium  form by m eans of therm al decom position (o) and for its  H -form  
prepared by m eans o f  acid treatm ent ( X ) ;  a )  krypton adsorption isotherm s at 77 K ; b) n it
rogen adsorption isotherm s at 77 K; c) carbon d ioxide adsorption isotherm s at 195 K ; d )  sulfur

dioxide adsorption isotherm s at 263 К

K ry p to n  a n d  n itro g en  are th e  m o st p o o rly  adsorbed  on th e  u n tre a te d  
ro ck  sam ples. T h e  adso rbed  a m o u n ts  o f  k ry p to n  and  n itro g en  show  t h a t  th e  
o u te r  surface o f c linop tilo lite  c ry s ta ll i te s  in  n a tiv e  rock sam ples are  m a in ly  
responsib le  for th is  adsorp tion . (T he  specific  surface ca lcu la ted  fro m  k ry p to n  
a d so rp tio n  iso th e rm s is 25 m 2/g, th e re fo re , th e  c linoptilo lite  c ry s ta ll i te  size is 
100 n m , in  good ag reem en t w ith  e le c tro n  m icroscopy  (F ig. 3) an d  w ith  s tu d ie s  
re le v a n t to  d iffu sion  k inetics [12]).

A fte r d eam m o n ia tio n , su b se q u e n t to  am m onium  ion  ex ch an g e , th e  a d 
so rp tio n  c a p a c ity  o f  th e  rock sam p le  is in creased . I t  is in te re s tin g  t h a t  th is
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F ig. 3. Electron m icrograph o f a rock sample containing clinoptilolite (Rátka). The mark re
presents 1 jum

in c rease  is su b s ta n tia lly  g re a te r  for n itro g en  th a n  fo r k ry p to n . The reaso n  is 
t h a t  th e  free pore size o f  c linop tilo lite  has b ecom e g re a te r  in  consequence o f  
c a tio n  rem oval an d  th e  sp ace  filled b y  th e  p ro to n  h o u n d  to  th e  la ttic e  oxygen  
is v e ry  sm all. This h as  th e  e ffec t th a t  k ry p to n , w ith  its  la rg e r critical d ia m e te r  
(dcr =  0.39 nm ) c a n n o t w h ereas  th e  so m ew h at sm alle r n itrogen  (dcr — 0.37) 
c a n  ju s t  en te r th e  c lin o p tilo lite  pores a t 77 K . O f course , th is  en te ring  p roceeds 
v e ry  slow ly indeed , ow ing  to  th e  very  sligh t d ifference  in  size betw een  th e  pores 
a n d  n itro g en  m olecules. E v e n  a fte r tw o hours no  eq u ilib riu m  w ith  resp ec t to  n i 
tro g e n  is reached ; th is  is w h y  th is  “ iso th e rm ”  is show n b y  a d o tte d  line in  F ig . 2b .

T he ad so rp tio n  c a p a c ity  increases fu r th e r  in  th e  course of tre a tm e n t w ith  
h y d ro ch lo ric  acid, b ecau se , in  add itio n  to  p a r t ia l  ion  exchange, som e of th e  
^ A 1 — 0  — Si?^ bon d s a re  h y d ro ly zed  and , d u e  to  hy d ro ly sis  of th e  fo u r b o nds 
a ro u n d  alum in ium , th e  l a t t e r  is also dissolved fro m  th e  zeolite la ttic e  (an d  m o st 
p ro b a b ly  from  o th e r c o m p o n en ts  of th e  ro ck  sam p le , too ). In  consequence of 
th is , th e  in te rn a l su rface  o f  c linoptilo lite  becom es accessible for b o th  k ry p to n  
a n d  n itrogen .

T he m icropores o f  th e  th ree  sam ples a t  th e  te m p e ra tu re s  of th e  e x p e ri
m e n t are  accessible fo r  b o th  carbon  dioxide a n d  su lfu r dioxide. Also in  th is
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Fig. 4. Adsorption isotherm s at 243, 253, 263 and 273 K, relevant to the adsorption of, a) nit
rogen on H -clinoptilolite prepared b y  acid treatm ent, b) nitrogen on H -clinoptilolite  prepared  
from its am m onium  form, c) krypton on H -clinoptilolite  prepared by acid treatm ent, d) kryp

ton  on H -clinoptilolite prepared from  its am m onium  form

in s ta n c e  th e  H -fo rm  offers g re a te r  pore vo lum es for th e  a d so rb a te  th a n  th e  
orig inal sam p le , con ta in ing  re la tiv e ly  la rg e  a lka li an d  alkaline e a r th  ca tio n s . 
C o nsequen tly , th e  adso rp tio n  c a p a c ity  o f  th e  H -fo rm  is so m ew h at g re a te r . 
A fu r th e r  sm all increase of a d so rp tio n  c a p a c ity  is th e  resu lt o f t r e a tm e n t  w ith  
hyd ro ch lo ric  ac id  since d isso lu tio n  o f a lu m in iu m  also occurs beside  p ro to n ic  
ion  exchange a n d  th is  p roduces fu r th e r  po res or m akes o thers accessib le  ( cf. 
u p p e rm o st cu rves in  Figs 2c a n d  2d).

T he t r e a tm e n t  w ith  acid  o r th e  th e rm a l decom position  of th e  N H 4-form  
re su lts  in  d e riv a tiv e s  w ith  d iffe re n t Si to  Al ra tio s , cation ic  co m p o sitio n  an d
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Fig. 5. P lo t o f log a vs. log p  from  adsorption isotherm s ^ a ,--------- ; p , PaJ for; a)  adsorption

o f n itrogen , b) adsorption o f  krypton  on H -clinoptilolite prepared by acid treatm ent ( X )  and  
from its am m onium  form by therm al decom position (o)

so rp tio n  capacities . W hile  chem ical analysis  g ives an  overall com position  of 
th e  ro c k , th e  a d so rp tio n  p ro p ertie s  co rre la te  w ith  th e  zeolite phase .

T h e  energy  o f in te ra c tio n  betw een  th e  a d so rb a te  and  zeolite d epends, 
on  th e  one h an d , on th e  n a tu re  of th e  a d so rb a te , an d  on th e  o th e r  h a n d , on 
th e  c ry s ta l  s tru c tu re  o f  zeo lite  and  on th e  ty p e  a n d  am o u n t of ca tio n s in  th e  
zeo lite  la tt ic e . T herefo re , th e  clinop tilo lite  sam p les  p re tre a te d  in  tw o  d iffe ren t 
w ay s a re  ch a rac te rized  w ith  th e  isosteric  a d so rp tio n  h ea ts  of k ry p to n  a n d  n i
tro g e n . T hese hea ts  w ere  ca lcu la ted  from  a d s o rp tio n  iso therm s d e te rm in e d  a t  
243, 253 , 263 an d  273 К  (F ig . 4).
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The iso th e rm s re fer to  th e  c lin o p tilo lite  p h ase  alone, because a d so rp tio n  
on th e  m ost a c tiv e  co n co m itan t, m o n tm o rillo n ite , u n d er these  co n d itio n s  is 
less b y  several o rd e r o f m ag n itu d e ; a t  th e se  tem p era tu res , fa r a b o v e  77 K , 
th e re  is no s ig n if ican t difference b e tw een  th e  ad so rp tio n  o f k ry p to n  a n d  n i
tro g en . T his also suggests th a t  b o th  a d so rb  in  pores.

A ccord ing  to  B arker and  P aterso n  [13], adso rp tion  iso th e rm s on  syn 
th e tic  H -m o rd en ite  a t  filling low er th a n  0 .5 % , can  be described  b y  F reu n d - 
lich ’s eq u a tio n

a =  K p  n (3)

in  w hich  a is th e  ad so rb ed  a m o u n t, p  is th e  equ ilib riu m  pressure, К  a n d  n  are 
co n stan ts .

The lo g o  versus lo g p  re p re se n ta tio n  o f  th e  iso therm s in  F ig . 4 have  
lin ea r  in itia l sec tio n s (F ig. 5) su p p o rtin g  th e  v a lid ity  of E q . (3). T h e  p a ra m 
e te rs  o f th e  s tra ig h t  lines give th e  c o n s ta n ts  o f  E q . (3) (cf. T ab le  V II ) . The 
v a lid ity  o f H e n ry ’s law  (n  1) can  be co n c lu d ed  a t  low k ry p to n  sa tu ra tio n s  
of b o th  c lin o p tilo lite  d e riva tives.

T he isosteric  h e a t o f a d so rp tio n , qsi, w as ca lcu la ted  as u sual, on th e  basis 
o f th e  C lausius-C lapeyron  eq u a tio n , since th e  iso therm s as d e te rm in e d  re p re 
sen t real eq u ilib ria :

2st =  H g  — H a =

' d T la

in  w hich  H g is th e  m o lar e n th a lp y  o f th e  gas p h ase , H a th a t  of th e  a d so rb a te .

Table VII

Constants o f  Freundlich's equation

T

(K)

F ro m  n itro g en  a d s o rp tio n  is o th e rm s  o n  H -cIinop tilo lite  p rep a red

fro m ’its  N H 4-fo rm b y  acid t re a tm e n t

К n К n

273 0.048 1.21 0.563 1.12

263 0.060 1.31 0.795 1.16
253 0.087 1.45 1.096 1.31

243 0.126 1.54 1.380 1.78

from krypton adso rption isotherins

273 0.076 1.06 0.209 1.04

263 0.102 1.07 0.276 1.04

253 0.162 1.08 0.437 1.16

243 0.235 1.09 0.725 1.22

4 Acta Chim. Acad. Sei. H ung. 106, 1981



144 VALYON et al.: HUNGARIAN RHYOLITE TUFFS
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F ig. 6. Isosteric  heat o f adsorption as a function of th e  am ount of gas adsorbed; a )  h ea t o f  
kryp ton  adsorption, b)  heat o f nitrogen adsorption on H -clinoptilolite  prepared by acid tr ea t

m ent (X )  and from its am m onium  form b y  therm al decom position (o )

Q

-Ф—Ф-------------Ф--------------Ф-

J ___________ 1___________ I_____________I____________L
1 2 3 4 5

pm ol
Q' 9

T h e  p  va lues p e r tin e n t to  th e  a va lu es  w ere  o b ta in ed  from  F ig . 5 a t  
v a r io u s  te m p e ra tu re s . T h a t ra n g e  o f a  (b ro k en  line  in  F ig . 5) w here th e  iso 
s te ric  h e a ts  o f  a d so rp tio n  w ere ca lcu la ted  is d e te rm in e d  as follows. T h e  lo w er 
lim it, is  g iv en  b y  a w hen  th is  a n d  th e  co rresp o n d in g  equ ilib rium  p re ssu re  p  
cou ld  h e  a c c u ra te ly  m easu red ; th e  u p p e r  lim it is g iven  b y  th e  v alue  a t  w h ich  
F re u n d lic h ’s iso th e rm  eq u a tio n  is s till v a lid , i.e . w here  th e  curves in  F ig . 5 
a re  l in e a r . F ig u re  6 shows th e  isoste ric  h e a t o f  a d so rp tio n  as a fu n c tio n  o f  th e  
co v e rag e  b y  n itro g en  or k ry p to n  on H -c lin o p tilo lite  sam ples p rep a red  b y  ac id  
t r e a tm e n t  o r from  th e  am m o n iu m  fo rm  b y  h e a t  t re a tm e n t.

A cta  Chim . Acad. Sei. Hung. 106, 1981



VALYON et ul.: HUNGARIAN RHYOLITE TUFFS 145

D iscussion

A  t low coverages, th e  h e a t of a d so rp tio n  is th e  sum  o f v a rio u s energ ies of 
in te ra c tio n , su ch  as d ispersion , sh o rt-ra n g e  rep u ls io n  an d  e le c tro s ta tic  in te r 
ac tio n  [14].

D ispersive  a t tr a c t io n  an d  rep u ls io n  a t  sm a ll d is tan ce  w ill a lw ay s be  in  
ev idence , irre sp e c tiv e  o f  th e  n a tu re  o f  a d so rb e n t an d  a d so rb a te . D ispersive  
en erg y  in  zeo lites derives m ain ly  fro m  th e  in te ra c tio n  betw een  la t t ic e  ox ide  
ions a n d  a d so rb a te ; ow ing to  th e  sm alle r n u m b e r  an d  low er p o la r iz a b ility  o f 
ca tio n s , th e  d ispersive  energy  o f th e se  is n o t  s ign ifican t.

T h e  v a rio u s  a lk a li an d  a lkaline  e a r th  ions are  on ly  p a r t ly  sh ie ld ed  b y  th e  
oxide ions o f  th e  zeo lite ; in  th e ir  loca l e le c tro s ta tic  fie ld  also th e  p o la r iz a tio n  
is effec tive. O n th e  o th e r  h an d , th e  p ro to n s  are  a lm ost co m p le te ly  sh ie lded  
b y  th e  ox ide ions o f  th e  la ttic e , th e re fo re , th e  p o la riza tio n  co m p o n en t in  th e  
in te ra c tio n  en e rg y  is m uch  sm aller in  th e  H -fo rm s th a n  in  th e  a lk a li o r a lk a lin e  
e a r th  form s.

The interaction of dipole or quadrupole molecules with the electrostatic 
field of the cations adds the so-called dipole or quadropole energy to the 
energy of adsorption.

F ig u re  6a d em o n stra te s  th a t  th e  iso s te ric  h e a t o f ad so rp tio n  o f  k ry p to n  
is g re a te r  on an  ac id  t re a te d  a d so rb e n t th a n  on  an  H -fo rm  m ad e  fro m  th e  
N H 4-form . T h e  decrease  o f a d so rp tio n  h e a t  w ith  increasing  a d so rp tio n  p o in ts  
to  th e  su rface  h e te ro g en e ity . T he d isso lu tio n  o f  a lum in ium  re su lts  in  e n e rg e tic 
a lly  d iffe ren t a d so rp tio n  sites w here  m ore  la tt ic e  oxygen can  su rro u n d  th e  
a d so rb ed  k ry p to n  a to m s. As a consequence  o f  th is , also th e  d isp ers iv e  in te r 
ac tio n  en e rg y  m a y  becom e g rea te r. H e te ro g e n e ity , and  g rea te r  h e a ts  o f  a d 
so rp tio n  are  cau sed  b y  alkali an d  a lk a lin e  e a r th  ca tions w hich  re m a in  in  th e  
zeo lite  a f te r  ac id  tr e a tm e n t.  K ry p to n  m a y  becom e adsorbed  also in  th e  e le c tro 
s ta tic  fie ld  o f  th e se ; th e n  also p o la riza tio n  forces are  ex e rted  besides d ispersive  
ones.

T h e  h e te ro g e n e ity  o f th e  a d so rp tio n  en e rg y  m ore p ro n o u n ced  fo r  p o la r
iz ing  force o f  th e  ca tio n s, an d  for g re a te r  p o la rizab ility  an d  dipole or q u a d ru 
pole m o m en t o f th e  ad so rb a te  m olecule [15]. J u s t  because o f th is , o u r c linop- 
tilo lite  sam ples p ro v e  to  he m ore h e te ro g en eo u s  to w ard s th e  q u a d ru p o le  n i tro 
gen th a n  to w a rd s  k ry p to n  and  also  a d so rb  n itro g en  w ith  g re a te r  s tre n g th  
(cf. F igs 6a a n d  6b). T he ad so rp tio n  h e a t  o f  n itro g en  on a c id - tre a te d  sam ples 
is s ig n if ic a n tly  h ig h er th a n  th a t  o f  k ry p to n . T h is difference c a n n o t b e  ex 
p la in ed  b y  su p p o sin g  s tro n g er d ispersive a n d  po lariz ing  in te ra c tio n s ; i t  m a y  be 
th e  re su lt f i r s t  o f  all o f  s tro n g  ca tio n -q u a d ru p o le  in te rac tio n .

A t  large coverages, i.e. a t a /a 0 =  1/e, w h en  A  =  E  [cf. E q . (1)], c h a ra c te r 
istic  en e rg y  E  in d ic a te s  th e  s tre n g th  o f  in te ra c tio n ; E  has b een  d e te rm in e d  
(cf. T ab le  IY ) fo r th e  ad so rp tio n  o f  c a rb o n  d iox ide b o th  on m o rd e n ite  an d
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c lin o p tilo lite . In sp ite  o f  th e  m a n y  s im ila rities o f  th e se  tw o  zeolites (s im ila r Si 
to  A l r a t io s ,  sim ilar ion  ex ch an g e  cap ac ities , spec ific  po re  volum es, do m in an ce  
o f  fo u r-  o r fiv e-m em b ered  te tra h e d ro n  rings in  th e ir  c ry s ta l s tru c tu re s ) , th e ir  
c h a ra c te r is t ic  energies E  are d iffe ren t: 16.7 k j /m o l  fo r m orden ite , a n d  19.7 
k j /m o l  fo r  c linop tilo lite , b o th  d e te rm in ed  w ith  sam p les  in  th e  H -form . In  su ch  
cases [1 4 ], th e  e lec tro s ta tic  in te ra c tio n  w ith  th e  q u ad ru p o le  carbon  d iox ide  
b e in g  w e a k , th e  d ispersive en e rg y  can  be th e  m o s t im p o r ta n t co m p o n en t o f  
in te r a c t io n  energy . T his d ispersive  en erg y  is g re a te r  in  c linop tilo lite  w h ich  h as  
sm a lle r  p o re s , th u s  th e  a d so rb a te  in te ra c ts  w ith  a  g re a te r  n u m b er o f  la t t ic e  
o x ide  io n s  th a n  in  th e  la rg e r po res o f m o rd en ite .

*

W e a re  in d eb ted  to  D r. E . Czá rá n  fo r th e  e le c tro n  m ic ro g rap h s .
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MASSENSPEKTREN ALICYCLISCHER 
VERBINDUNGEN, IX*

3- U N D  4-A C E T O X Y H E T E R A C Y C L O H E X A N E

H . R e m a n e  und U . P f e st o r f

{ l e k l i o n  C hem ie  der K a r l-M a r x -U n iv e r s i ta t  L e ip z ig , D D R )

Eingegangen am  14. Dezem ber 1979 
Zur Veröffentlichung angenom m en am  3. März 1980

Die m assenspektrc nietrische Fragm entierung der bifunktionellen 3- und 4-Aceto- 
oxyheteracycloalkane m it O, S, S 0 2 und N C H 3 als H eteroatom  bzw. als H eteroatom - 
gruppieiung ist diskutiert und m it dem  m assenspektrom etrischen Abbau der entspre
chenden m onofunktionellen Iletcracyclo liexane und des A cetoxycyclohexans ver
glichen worden. D abei zeigte sich, daß beide funktionellen Gruppen den A bbau deter
m inieren, daß aber auch beide funktionellen Gruppen sich beim  m assenspektrom et
rischen Abbau gegenseitig beeinflussen.

D ie deutlichen Unterschiede im  Fragm entierungsverhalten der 3-substitu ierten  
und der 4-substitu ierten A cetoxyheteracyclohexane erlauben eine gute Unterscheidung  
der jew eiligen Isom eren m it H ilfe ihrer M assenspektren.

D as m assen sp ek tro m etrisch e  F ra g m e n tie ru n g sv e rh a lte n  des m o n o fu n k 
tio n e llen  A ceto x y cy c lo h ex an s [2, 3] u n d  d e r m onofun k tio n e llen  H e te racy c lo - 
h ex an e  [4—7] is t g u t b e k a n n t. D em g eg en ü b er liegen zum  m a sse n sp e k tro 
m etrisch en  A b b au  b ifu n k tio n e lle r V erb in d u n g en , insbesondere z u r F ra g m e n 
tie ru n g  d er A ce to x y h e te racy c lo h ex an e , k a u m  U n te rsu ch u n g en  v o r [4, 8 , 9].

W ir h ab e n  d a h e r  im  R ah m en  u n se re r  sy stem atisch en  U n te rsu c h u n g e n  
zum  N achw eis in tra m o le k u la re r  W ech se lw irk u n g en  in  H e te racy c lo a lk an d e - 
r iv a te n  die M assen sp ek tren  einer re p rä s e n ta tiv e n  R eihe von  3 -A ce to x y h e te ra - 
cyc lohexanen  1 u n d  v o n  4 -A ce to x y h e te racy c lo h ex an en  2 au fg en o m m en  u n d  
d isk u tie r t. (D as M assen sp ek tru m  von  3 -A ceto x y o x acy clo h ex an  l d  is t  b e re its  
von  R u d z ik ie w ic z  u n d  Gr o t ja h n  [9] d is k u tie r t  w orden).

• V I I I .  M itt., vgl. [1]
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Abb. 1. 70 eV-M assenspektren v o n  3 -A cetoxyth iacycloh exan  l a  und von  4-A cetoxyth iacyclo-
hexan 2a

D a b e i  in te ressie rten  e in m a l G em ein sam k eiten  u n d  U n tersch iede  in  d e r 
F ra g m e n tie ru n g  dieser V e rb in d u n g e n  im  V erg leich  zu  den  H e te racy c lo h ex an en  
3 u n d  z u m  A ceto x y cy c lo h ex an  4 sowie U n te rsch ied e  im  m assen sp ek tro m e- 
t r is c h e n  A b b a u  zw ischen d en  S te llungsisom eren  1 u n d  2.

A cetoxythiacyclohexane l a  und 2a

A b b ild u n g  1 zeig t die 70 eV -M assenspek tren  von  3 -A ceto x y th iacy clo - 
h e x a n  l a  u n d  von 4 -A ce to x y th iacy c lo h ex an  2a. D ie M olekülionenpeaks liegen  
be i d e r  M assenzah l 160 u n d  h a b e n  eine I n te n s i tä t  v o n  0 ,2%  bezogen a u f  %2739 
(V e rb in d u n g  la )  bzw. v o n  4 ,8 %  (V erb indung  2a). B eide In te n s itä tsw e r te  liegen  
zw isch en  d en en  fü r T h ia c y c lo h e x an  (10 ,6% ) u n d  fü r  A ce to x y cy c lo h ex an  
(0 ,0 1 % ). D e r  größere B e tra g  fü r  M + . im  S p e k tru m  von  2a w eist d a ra u f  h in , 
d a ß  h ie r  e ine  geringere B ee in flu ssu n g  zw ischen d e r T h io ä th e rg ru p p ie ru n g  u n d  
d e r A c e to x y g ru p p e  v o rh a n d e n  is t als in  la .

D ie  in ten s iv en  F ra g m e n te  100 e n ts te h e n  aus M + du rch  E lim in ie ru n g  
v o n  E ss ig sä u re . D er w eitere  A b b a u  von  100 fü h r t  zum  F rag m en t 85 (M e th y l
ra d ik a la b g a b e )  und  au fg ru n d  v o n  R e tro -D ie ls-A ld er-S p a ltu n g en  zu  d en  F ra g 
m e n te n  72 bzw . 54. D ie B asisfrag m en te  43 (C H 3C 0 1+) en ts teh en  au s M  + 
d u rc h  O n iu m sp a ltu n g  in n e rh a lb  d e r A ce to x y g ru p p e .
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Als F o lge der A b sp a ltu n g  d er A ce to x y g ru p p e  als A c e to y x ra d ik a l w erden 
die F ra g m e n te  101 g eb ild e t, d ie ab e r n u r  eine geringe I n te n s i t ä t  aufw eisen.

D eu tlich e  U n te rsch ied e  b es teh en  in  den  In te n s i tä te n  d e r  w ich tig sten  
F ra g m e n te  in  den S p e k tre n  v o n  l a  u n d  2a. D er M olek ü lio n en p eak  sowie die 
F ra g m e n tp e a k s  85, 72 u n d  43 h a b e n  in  d en  S p ek tren  von  2a die g rö ß ere  In te n 
s i tä t  als im  S p ek tru m  v o n  l a .  F ü r  die F ra g m e n te  101, 100 u n d  54 t r i f f t  dage
gen  das u m g ek eh rte  zu.

A cetoxyth iacycloh exan -l,l-d iox id e lb  und 2h

A b b ild u n g  2 zeig t d ie  70 eV -M assenspek tren  von  3 -A ce to x y th iacy clo - 
h e x a n - l ,l -d io x id  lb  u n d  v o n  4 -A c e to x y th ia c y c lo h e x a n - l,l-d io x id  2b. Die 
B lock ie rung  der fre ien  E le k tro n e n p a a re  am  Schw efel fü h r t  d a z u , d a ß  in  den 
S p e k tre n  d e r Sulfone lb  u n d  2b im  G egensatz  zu  l a  u n d  2a k e in  M olekülionen
p e a k  v o rh a n d e n  ist.

D er A b b au  der A c e to x y g ru p p e  f ü h r t  zu  den F ra g m e n te n  149 
(М -С Н 3СОЧ+) u n d  132 (M -C H 3C O O H i+ ).

D er P e a k  133 im  S p e k tru m  v o n  lb  w eist d a ra u f  h in , d a ß  b e i 1,3-A nord- 
n u n g  von  A ce to x y g ru p p e  u n d  S u lfo n g ru p p e  au ch  die A b sp a ltu n g  v o n  A cetoxy- 
ra d ik a le n  a u f tr i t t .

Abb. 2. 70 eV-M assenspektren v o n  3 -A cetoxyth iacycloh exan -l,l-d iox id  lb  un d  v o n  4-A cetoxy-
th ia cy c lo h ex a n -l,l-d io x id  2b
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D e r A b b au  von 132 e r fo lg t in  beiden S p e k tre n  d u rc h  S 0 2- u n d  S 0 2H  - 
A b g a b e  u n te r  B ildung d e r B ru c h s tü c k e  68 bzw. 67. Ä h n lic h  wie in  den S p ek tren  
v o n  l a  u n d  2a haben  au ch  in  d e n  S pek tren  von  4 -A c e to x y th ia c y c lo h e x a n -l,l-  
d io x id  2b d er M olekü lionenpeak  u n d  die d isk u tie r te n  F ra g m e n te  149, 132, 68 , 
67 u n d  43 eine größere I n t e n s i t ä t  als im  S p e k tru m  v o n  lb .

Acetoxy-lY -m ethylazacycloliexane l c  und 2c

A b b ild u n g  3 zeig t d ie  70 eV -M assenspektren  v o n  3-A cetoxy-lV -m ethyl- 
a z a c y c lo h e x a n  l c  und  v o n  4 -A ceto x y -lV -m eth y lazacy c lo h ex an  2c.

D ie  M olekülionenpeaks lieg en  bei der M assen zah l 157 u n d  h ab en  eine 
I n te n s i t ä t  von  0,1%  ( lc )  b zw . v o n  4,4%  (2c). B eid e  In te n s itä tsw e rte  liegen  
zw isch en  denen fü r A ce to x y cy c lo h ex an  4 (0 ,0 1 % ) u n d  IV -M ethylazacyclo- 
h e x a n  3c (7 ,5% ) [6].

I n  d en  Spektren  b e id e r V erb in d u n g en  h a t  das B asisfrag m en t die M assen
z ah l 43 .

D ie  H au p tfrag m en tie ru n g sw eg e  fü h ren  zu  den  B ru ch stü ck en  
M -C H 3C O O ID + , M -C H 3C O C P + u n d  M -C H 3CCP+ . B e d in g t durch  eine tra n s -  
a n u la re  L ad u n g ss tab ilis ie ru n g  e rfo lg t die A b sp a ltu n g  d e r A ce toxygruppe  beim  
A b b a u  des 4 -A cetoxy-iV -m ethy lazacyclohexans vo rzugsw eise  als A ce to x y ra-

Abb. j . 70 eV-Massenspektren v o n  3-A cetoxy-iV -m ethylazacyclohexan l c  und von 4-A cetoxy-
-lY -m ethylazacyclohexan 2c
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d ik a l u n te r  B ild u n g  des F rag m en te s  98 u n d  n u r  zum  geringeren  T eil d u rch  
A b sp a ltu n g  von  E ssig säu re  (u n te r  B ild u n g  von  97).

Z erfa llsreak tio n en  des F ra g m e n te s  97 s in d  w iederum  die M e th y lra d ik a l
ab g ab e  (B ildung  des F rag m en te s  82) u n d  die R etro -D ie ls-A ld er-R eak tio n  
(F ra g m e n te  69 u n d  54).

D ie fü r  JV -M ethylazacyclohexan  4c  ch a rak te ris tisch en  B ru c h s tü c k e  
71 (C4H eN 1+), 70 (C4H 8N 1+) u n d  58 (С3Н 8№ + )  sowie M -H 1+ s in d  in  beiden  
S p e k tre n  v o rh an d en .

D ie In te n s itä tsw e r te  von  M + u n d  d e r d isk u tie rten  B ru c h s tü c k e  114, 97, 
82, 69, 54 u n d  70 s ind  jew eils in  den  S p e k tre n  von  2c größer als in  d e n  S p e k tre n  
v o n  l c .

D ie ch a ra k te ris tisch e n  U n te rsch ied e  besonders in  den  In te n s i tä te n  der 
F ra g m e n te  55, 58, 70, 71, 96 u n d  98 e rm ög lichen  eine gu te  U n te rsc h e id u n g  der 
V erb in d u n g en  l c  u n d  2c an  H a n d  ih re r  M assenspek tren .

A cetoxyoxacyclohexane l d  und  2d

D er m assen sp ek tro m etrisch e  Z erfa ll des 4 -A ceto x y o x acy clo h ex an s 2d 
fü g t sich , wie aus A bb . 4 h e rv o rg eh t, ebenso  w ie der Z erfall des 3-A cetoxy- 
o x acyc lohexans l d  [9] in  das Z erfa llsschem a d er d isk u tie rten  A c e to x y h e te ra -  
cyc lohexane  ein.

Abb. 4. 70 eV-M assenspektrum  von  4-A cetoxyoxacyclohexan 2d

D iskussion

E in e  verg le ichende B e tra c h tu n g  zu m  m assen sp ek tro m e trisch en  A bb au  
d e r A ce to x y h e te racy c lo h ex an e  1 u n d  2 fü h r t  zu  folgenden R e s u lta te n :

W ie aus den  N ied e rv o ltsp e k tre n  (12 eV) d er u n te rsu c h te n  V erb in d u n g en  
h e rv o rg e h t, v e r lä u f t  die m assen sp ek tro m e trisch e  F ra g m e n tie ru n g  a lle r  Acet-
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•oxyh e te racy clo h ex an e  g ru n d sä tz lic h  nach  e in em  e in he itlichen  S chem a:

OOCCH3I •

'/.V  
Mi

Z =  S, S 0 2, NCH3, 0

ОТ

-(JHaCOOH

-CH2CO

-CHsCO'

c h 3co1 +

M—CHsCOOhI 1

M—GHsCOl*

M—CH3C oT

(RDA)
-CH^Z

- c h ;

(RDA) 
-CH„ = CH-‘

CHS=CH— CH =C H 21 *■

ж-сн3соон-сн3Т

CH2=C H — C H = z lt

D ab e i w ird  die F ra g m e n tie ru n g  in  h o h em  M aße d u rch  den A b b a u  d e r 
A c e to x y g ru p p e  g e p rä g t. D ies ä u ß e r t  sich e in m a l in  den  m eist hohen  In te n s i
tä t e n  d e r F ra g m e n te  M -C H 3C 0 1 + und  M -C H 3C O O H 1 + und  zum  a n d e re n  
in  d e r  In te n s i tä t  der B asisfrag m en te  CH3C 0 1+ .

D e r E in flu ß  d er R in g h e te ro a to m e  zeig t s ich  in  den  S p ek tren  d er T h ia - 
cy c lo h e x a n d e riv a te  l a  u n d  2a  in  der A nw esenhe it zah lre ich er schw efelhaltiger 
B ru c h s tü c k e  wie z. B . C H S 1+, CH2S1+, C H 3S i+ , C2H 2S_' +, C2H 3ST+, C2H 4S i+ , 
Q H jS 1 + [4, 7]. E in  V erg le ich  der In te n s i tä te n  d iese r B ruchstücke  m it d en  
I n te n s i tä te n  im  S p e k tru m  des T h iacyclohexans 4a  ze ig t jedoch  eine d eu tlich e  
A b n a h m e  der W erte  an .

I n  den  S p e k tre n  d e r T h ia c y c lo h e x a n -l,l-d io x id e  lb  und  2b w ird  d er 
E in f lu ß  d er S u lfo n g ru p p e  d u rc h  A b sp a ltu n g sre a k tio n e n  von S 0 2 u n d  v o n  
S 0 2H ’ (au s dem  F ra g m e n t 132) d o k u m en tie rt. A u ch  in  den S p e k tre n  d er 
A ce to x y -iV -m eth y lazacy c lo h ex an e  weisen s tic k s to ffh a ltig e  B ru ch stü ck e  bei 
d en  M assenzah len  71, 70 u n d  58 m it zum  T eil b e trä c h tlic h e r  In te n s i tä t  a u f  
•die A nw esen h e it d er IV -M ethylgruppe hin.

D ie  S tab ilis ie ru n g  d e r M olekülionen h ä n g t sow ohl von der A rt als au ch  
v o n  d e r  S te llung  des R in g h e te ro a to m s ah . A us d en  In te n s itä te n  von  АТ1 lä ß t  
s ich  n a c h s te h e n d e  R e ih e  ab n eh m en d er S ta b ilis ie ru n g  ab le iten :

S-4 >  C H 3N -4 >  S-3 >  CH3N -3 >  О >  C H , >  S 0 2

In  d en  M assen sp ek tren  d e r A ce to x y th iacy c lo h ex an e  u n d  der A cetoxy-iV -m ethyl- 
azacy c lo h ex an e  w ird  b e i 1 ,4 -A nordnung  v o n  R in g h e te ro a to m  u n d  A c e to x y 
g ru p p e  das M olekülion b esse r s tab ilis ie rt als be i 1 ,3 -A nordnung.

Z u r  (h a lb q u a n tita tiv e n )  A bschätzung  des E in flu sses  der H e te ro a to m e  
a u f  d e n  m assen sp ek tro m e trisch en  A bbau  w u rd e n  d ie  In te n s itä te n  d er d u rc h  
«das R in g h e te ro a to m  u n d  d e r  d u rch  die A c e to x y g ru p p e  v e ru rsach ten  B ru c h -
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•stücke summiert, vgl. hierzu [10]. Dabei wurde die nachstehende Reihenfolge 
abnehmender Stabilisierung gefunden:

S-3 >  C H 3N -3 >  S - 4  >  C H 3N -4 >  O O C C H 3 >  S02- 4  >  S 0 2- 3

Es zeigt sich, daß auch die Stabilisierung der positiven Ladung während des 
massenspektrometrischen Abbaus sowohl von der Anzahl der freien Elektro
nenpaare als auch von der Stellung des Heteroatoms (relativ zur Acetoxy
gruppe) abhängt. Aus der gefundenen Reihenfolge sowie auch aus den Inten
sitäten insbesondere der M-CH3COOH1 +-Bruchstücke kann der Schluß ge
zogen werden, daß in den Massenspektren der Acetoxythiacyclohexane, der 
Acetoxy-iV-methylazacyclohexane und der Acetoxyoxacyclohexane der Abbau 
der Acetoxygruppe durch das Heteroatom in 3-Stellung stärker beeinflußt 
wird als durch das Heteroatom in 4-Stellung.

Die bereits diskutierten deutlichen Unterschiede beim massenspektro
metrischen Abbau der 3-substituierten und der 4-substituierten Acetoxyhetera
cyclohexane, vgl. Abbildungen 1 bis 3, erlauben eine gute massenspektrome- 
trische Unterscheidung der einzelnen Isomeren. Insgesamt kann festgestellt 
werden, daß die massenspektrometrische Fragmentierung der bifunktionellen 
Acetoxyheteracyclohexane sowohl durch das Ringheteroatom als auch durch 
die Acetoxygruppe geprägt wird.

Veränderungen in den Intensitäten charakteristischer Bruchstücke in 
den Spektren der Acetoxyheteracyclohexane im Vergleich zu den entsprechen
den monofunktionellen Heteracyclohexanen und zum Acetoxycyclohexan 
weisen auf Wechselwirkungen zwischen dem Ringheteroatom und der Acetoxy
gruppe hin.

Experimenteller Teil

Zur Darstellung der untersuchten Verbindungen sei au f die Arbeiten [11 —14] ver
wiesen .

D ie Aufnahme der M assenspektren erfolgte m it einem  M assenspektrom eter der Firma 
Varian MAT (CH-6) bei 70 und bei 12 eV. Ionenquelle IX E  5, Tem peratur 200 °C, Em issions- 

.strom  30 /í A, indirekter E inlaß.
*

W ir danken Herrn Chem .-Ing. L. Goetz  für die Aufnahm e der M assenspektren.
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AMINOPHTHALAZINONE DERIVATIVES, VIP
REACTIO N OF C H LO R O PH TH A LA ZIN O N E W ITH  SE C O N D A R Y  AM INES  
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In the am inolysis o f chlorophthalazinone ( la )  w ith  secondary am ines, the yield  
o f ЛГ-substitu tion  (1 -*• 5, 1 -* 7) is significantly affected b y  the steric structure of the 
amine. In the cyclic secondary am ines substituents at the C-2 position  give rise to a 
strong steric hindrance. The possibility  for ЛГ-substitu tion  gradually decreases with  
increasing size o f the ring, while in  the case o f open-chain secondary am ines it  varies 
suddenly as a function  o f the position of the N H  group in the chain.

Chlorophthalazinone (la, CPA), being resistant to nucleophilic reagents 
(amines) owing to its structure of vinyl halide character, can be made to react 
with aminoalcohols directly [1] and with amines containing no OH group in 
glycol solution [ 2 ] .  In the case of aminoalcohols it is autocatalysis, in glycol 
medium the catalytic effect of the solvent which facilitates the iV-substitution 
(reactions 1 —► 5 and 1 —► 7). The catalytic effect (explained by the formation 
of the reactive alcohol adduct of type 3) was confirmed unambiguously by 
observations made during aminolysis experiments with the slightly nucleo
philic aniline. F l i t s c h  [3 ]  and our observations have equally shown that CPA 
fails to react when refluxed with aniline, when, however, ethylene glycol is 
added to the solution in an amount less than the stoichiometric quantity (0.2 
mole of glycol for 1 mole of CPA), anilinoplithalazinone is formed v ia  la —► 
—*■ 3a —► 9 in 83% yield. In other cases somewhat more glycol may be necessary, 
since the side reaction (formation of glycol ether accompanied by elimination 
of HC1: la  —*- 3a —► 8) consumes more or less glycol.**

In the aminolysis of CPA (la), the steric requirement of the substituents 
of the reacting amine has an important role. According to earlier examinations 
with aminoalcohols [1] and with primary alkyl- and aralkylamines [2] in glycol 
solutions, the aminophthalazinone derivatives are obtained in high yields 
(in the main, 70—95%), when the environment of the terminal amino group 
is sterically entirely free; however, even the presence of a methyl group at «

Acta Chimica Academiae Scientiarum Hungaricae, Tomus 106 (2), pp. 155 —166 (1981)

* Part V I, see Acta Chim. Acad. Sei. H ung., 105, 175 (1980)
** Besides ensuring the cata lytic  action , the use of glycol solution has the advantage  

th a t owing to its  high boiling point it  facilitates the m aintaining o f the optim um  temperature 
o f  the reaction m ixture.

»
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О

Ph-NHa
— н—

1,3,8 Q

a H

b Me
СН2ОН
СН2ОН

о

о

Fig. 1

position greatly reduces the degree of conversion. The purpose of the present 
work was to establish the effect of steric factors on the yield of coupling reac
tions with secondary amines.

Reaction la  —*- 5 was tried with four aminoalcohols derived from pipe
ridine (2) (see Table I), and the phthalazinone derivatives 5a—5c were obtained
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Table I

Reaction o f  chlorophthalazinone with piperidine and morpholine derivatives (1 -*■ 5 and  1  -* 3  -* 5)-

Cyclic secondary 
amine

Ethylene Product Reaction Yield,
glycol (5) Z- time,

h %

4-H ydroxypiperidine

3-H ydroxypiperidine

3-Piperidinem ethanol

2-Piperidinem ethanol

Piperidine

4-M ethylpiperidine

-  +

+

+

1M

OH

О OH

'CHjOH

N . XHiOH

N

V .

Me

12

60

10

86.5

12 83.8-

12 92 .8

10 Í 74.9

76.7
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Table 1 (cont.)

Cyclic secondary 
amine

Ethylene
glycol

Product
(5) z-

Reaction
time,

h

3-M ethylpiperidine + h

I
N

10

3,5-D im ethylpiperidine + i
A

10

,N  > Ie
2-M ethylpiperidine + j r Y 50

2,6-D im ethylpiperid ine + к U 60

M orpholine + 1 6

Л

25

2,6-D im ethylm orpholine + III 25

Me " 0 ^  Me

Yield,
О //о

76.0

75.8

2.4

74.7

72.4
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accord ing  to  th e  a u to c a ta ly tic  process (y ie ld s: 84 —93% ), b u t  no iV -substitu - 
tio n  could  be ach iev ed  w ith  2-p ip e rid in em e th an o l, even in  th e  p resence  of 
glycol.

A n essen tia lly  s im ila r steric  h in d ran ce  has been  found in  th e  IV -substitu- 
tio n  reac tio n s u sin g  o th e r  p iperid ine d e r iv a tiv e s  in  glycol so lu tions (T able  I). 
T h u s , CPA  reac ts  w ith  p iperid ine , 3- a n d  4 -m eth y lp ip e rid in e , as w ell as w ith
3.5- d im e th y lp ip e rid in e  to  n ea rly  th e  sam e  e x te n t  and  in  s a tis fa c to ry  yields 
(75 — 77% ), th a t  is, m e th y l su b s titu e n ts  a t  th e  C-3, C-4 or th e  C-3,5 positions 
cause no steric  h in d ra n c e  du ring  coupling . T h e  sam e holds for m o rp h o lin e  and
2.6- d im eth y lm o rp h o lin e ; in  these re a c tio n s  51 (75% ) an d  5m  (72% ) are 
o b ta in ed  in  n ea rly  id e n tic a l yields. M ethy l su b s ti tu e n ts  a t th e  x  p o s itio n , how 
ever, e x e rt s ig n ifican t s te ric  h ind rance , th e re fo re  coupling can  be ach iev ed  only 
in  2 %  yield  w ith  2 -m eth y lp ip erid in e , a n d  2 ,6-d im eth y lp ip erid in e  en tire ly  
re sists  coupling  w ith  C PA  u n d er th e  e x p e rim e n ta l conditions em ployed .

In  cyclic seco n d ary  am ines, increase  in  th e  size of th e  rin g  re su lts  in  a 
gradual decrease in  y ie ld  (see T able  I I ) .  I n  open-chain  secondary  am ines the  
re a c tiv ity  varies sudden ly , depend ing  on  th e  positio n  of th e  N H  g ro u p  in  the  
chain  and  th e  ste ric  req u irem en t of th e  s u b s titu e n ts  (Table I I I ) .  iV-M ethyl- 
b u ty lam in e  (N H  a t  C-2) can  be coup led  in  a m edium  yield , b u t  iV -m ethyl- 
cyclohexy lam ine , also co n ta in in g  a C-2 N H  g roup , has a coup ling  a b ility  of 
a b o u t one o rd er o f m ag n itu d e  low er, ow ing  to  th e  less fav o u rab le  s te ric  con
s tru c tio n .

A n even s tro n g e r s teric  h ind rance  is fo u n d  in  d ie thy lam ine  (N H  a t  C-3), 
w hich  is coupled  to  th e  p h th a laz in o n e  sk e le to n  only in  1.4%  y ie ld . F u r th e r  
increase  in  s te ric  sh ie ld ing  m ay  lead  to  c o m p le te  fa ilu re  of th e  iV -su b stitu tio n . 
iV -E th y lb u ty lam in e  an d  p a rtic u la rly  d ip ro p y lam in e  (N H  a t  C-4) rep re sen t 
th e  lim it w here, ow ing to  steric  fac to rs h in d e rin g  coupling, th e  o th e r  possible 
process, glycol e th e r  fo rm atio n  3 — 8 becom es exclusive.

In  o rd er to  m o n ito r  th e  am inolysis o f  C PA  in  ethy lene g lycol so lu tion , 
a v a lu ab le  m e th o d  p ro v id in g  ra p id  in fo rm a tio n , su itab le  for use in  th e  case of 
am ines w ith  bo iling  p o in ts  low er th a n  t h a t  o f  th e  so lvent, w as d eve loped . The 
essence of th e  p ro ced u re  is th a t  th e  b o ilin g  p o in t of th e  C PA -am ine-g lycol 
sy stem s, m easu red  in  th e  liq u id  increases as a fu n c tio n  of th e  decreasing  am ine 
co n cen tra tio n . T he hydroch lo ric  acid  l ib e ra te d  during  th e  iV -su b stitu tio n  
(coupling) is b o u n d  p ra c tic a lly  b y  th e  free  am in e , since th e  b a s ic ity  o f am ino- 
p h th a laz in o n e  d e riv a tiv e s  is very  low. F o r  th is  reason, th e  iV -su b stitu tio n  
reac tio n s (1 —► 3 —► 5 a n d  1 —► 3 —► 7) consum e 2 equ ivalen ts o f am in e , w hereas 
th e  side reac tio n  accom pan ied  by  e lim in a tio n  of hydrochloric  acid  ( I  —► 3 —*■ 8) 
requ ires 1 e q u iv a len t o f  am ine only . W h en  1 m ole of CPA is a llow ed  to  reac t 
w ith  2 moles o f am in e , an d  iV -su b stitu tio n  occurs exclusively , th e  in te rn a l 
bo iling  p o in t o f th e  so lu tio n  a tta in s  or s lig h tly  exceeds th e  bo iling  p o in t of 
glycol (196 °C); on th e  o th e r  h an d , w hen  a sig n ifican t am o u n t o f glycol e th e r
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Table II

In fluence o f  the size o f the ring on the y ie ld  o f  the reactions 1 3 -* 5 in glycol solution

Cyclic imine 
0 )

P ro d u c t
(5)

Z- R eac tio n  
tim e , h

Y ie ld ,
%

Pyrrolid ine e Ö 5 96.2

P iperid ine f Ó 10 74.9

H ex a m  e thyleneimine n о 15 58.9

S ' * " \
H eptam ethyleneim ine о о 15 38.0

O ctam ethyleneim ine p Ö 15 20.6

Table III

R eaction o f  open-chain secondary am ines with chlorophthalazinone in glycol solution (1 -» 3
reaction time: 60 h)

S econdary  am ine 
( 0

S ite  o f  N H  group 
in  th e  ch a in

P ro d u

R i

c t (7)

R.
Y ield ,

%

iV- M e-butylam ine 2 a Me- Bu- 56.0

iV-M e-cyclohexylamine 2 b Me- CcH n - 6.5

D iethylam ine 3 C Et- Et- 1.4

JV-Et-butylamine 3 d Et- Bu- -

D ipropylam ine 4 e Pr- Pr- —
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is also form ed beside th e  iV -substitu tion , th e  m ax im u m  bo ilin g  p o in t of th e  
m ix tu re  can be fa r  below  th e  boiling  p o in t o f glycol.

In  Fig. 2, th e  bo iling  p o in t curves o f som e C P A -am ine-g lyco l system s are 
show n as a fu n c tio n  o f th e  reac tio n  tim e . T he re la tiv e ly  ra p id ly  su b s titu te d  
am ines w hich give a sa tis fa c to ry  yield  produce  s teep  cu rv es (— x — x —) and

hr

Fig. 2. Boiling point curves o f som e CPA (la)-am ine-glycol system s m easured in the liquid

can  well he d is tin g u ish ed  from  th e  f la t  (— о — о —) cu rv es o f  am ines being less 
reac tiv e  owing to  th e ir  less fav o u rab le  s teric  s tru c tu re . T h e  tw o  ty p es  of curves 
in d ica te  no t on ly  th e  p red o m in a tin g  n a tu re  o f 7V -substitu tion  or glycol e th e r 
fo rm ation , b u t also show  th a t  7V -substitution is th e  fa s te r  process.

2 -M ethy l-4 -ch lo roph tha laz inone  ( lb , M e-CPA) has n e a r ly  th e  sam e re
a c tiv ity  as CPA . T h is can  w ell he seen from  th e  p a ra lle l bo iling  p o in t curves 
o f l a  and lb  in th e  reac tio n  w ith  p iperid ine . T he glycol a d d u c t  3b form ed in 
glycol so lu tion  gives th e  p ro d u c t 5q th ro u g h  iV -su b stitu tio n  a n d  subsequen t 
glycol e lim ination  (7 9 .7 % ; th e  b e tte r  y ield  is also re flec ted  in  th e  h igher m ax i
m um  of th e  boiling  p o in t cu rve); th e  p ro d u c t of th e  side re a c tio n  is 2-m ethyl-4- 
-p h th a lazo n y l glycol e th e r  (8b).

The ex p e rim en ta l d a ta  u n am b iguously  confirm  th a t  th e  F -s tra in  [4] 
occurring  d u rin g  th e  nucleoph ilic  a tta c k  o f th e  am ine  s tro n g ly  h inders th e  
reac tio n . The in fluence  o f th e  s teric  co n stru c tio n  on r e a c tiv i ty  is p a rticu la rly  
s tr ik in g  w hen p y rro lid in e , a com pound  m ost su itab le  fo r co u p lin g  (yield in  5 h: 
9 6 % , no glycol e th e r  is fo rm ed), is com pared  w ith  d ie th y la m in e  h av in g  nearly  
th e  sam e b asic ity  an d  nucleoph ilic  c h a ra c te r  (yield o n ly  1 .4%  o f 7c a fte r re
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f lu x in g  fo r  60 h ; th e  m ain p ro d u c t  is th e  glycol e th e r  a n d  u n c h a n g e d  CPA  can 
also b e  reco v ered ). Since p y rro lid in e  is sign ifican tly  m ore  su ita b le  for coupling 
in  th is  re a c tio n , i t  is ev iden t t h a t  in  th e  given case th e  7V -substitu tion  (1 —*- 5 
a n d  1 —v 7) depends p rim arily  o n  th e  s teric  s tru c tu re  o f th e  am in e  ra th e r  th a n  
on  i ts  b a s ic i ty  or nucleophilic c h a ra c te r . Cyclic seco n d ary  am ines can  be, in  
g e n e ra l, co u p led  in  a b e tte r  y ie ld  t h a t  open-chain  se c o n d a ry  am ines w ith  th e  
sam e n u m b e r  of atom s, since a r in g  is s terica lly  m ore fa v o u ra b le  th a n  th e  open 
fo rm , w h e re  free ro ta tio n  m a y  a llo w  th e  developm ent o f d isad v an tag eo u s  con- 
fo rm e rs  in c reas in g  th e reb y  th e  s te r ic  sh ield ing of th e  im in o  g roup .

E x p erim en ta l

M .p .’s were determined w ith a B oetiu s micro m elting point determ ining apparatus. 
The IR  sp ectra  were recorded in  K B r p e lle ts w ith  UR-10 and IR -75 (Carl Zeiss, Jena) spectro
p h o tom eters.

2 - M ethyl - 4 - chlor ophthalazinone ( lb )

4-Chlorophthalazinoue ( la )  (1 8 .0  g; 0.1 mole) was dissolved in  a m ixture of M ethyl 
C ellosolve (100 mL) and aqueous (100 m L ) potassium  hydroxyde (28 g; 0.5 m ole), w ith mild 
heating . T he solution was cooled in  w ater  and dim ethyl sulfate (37.8 g; 0.3 m ole) was added to 
it  dropw ise under mechanical stirring. A fter  allowing to stand for a short tim e, the m ixture 
was d ilu ted  w ith  water to 2 litres and th e  crystals which separated were filtered off. A further 
crop can  be obtained from the m other liquor on concentration. The com bined crude product 
(15.4 — 17.7 g; 79 .1—91.0%) was recrysta llized  from aqueous ethanol after clarification w ith  
carbon. Colourless needles separated from  the solution; on standing in  suspension, they  re
cry sta llized  in to  plates, m.p. 128 — 129 °C (lit. [5] m.p. 127 — 128 °C).

CsH 7C1N20  (194.6). Calcd. Cl 18.2. Found Cl 18.4%.
IR : rCOaTnlde 1655, r C = N  1576 (?) 1,2-disubst. Ar 769 cm “ 1.

4 -A n ilin » -1 (211)-phtlialazinoiie  (9 )

A  m ixture of aniline (10 m L) and  chlorophthalazinone (1.80 g; 0.01 m ole) was refluxed  
in an atm osp here of nitrogen gas in  th e  presence of ethylene glycol (0 .124 g: 2 m m oles) for 20 hrs. 
A niline w as rem oved by steam  d istilla tio n , and the som ewhat stick y  residue was rubbed with  
a cold  m ixtu re  of dioxan and water (1 : 1). The crude product (2.32 — 2.39 g) was crystallized  
from  eth a n o l or ethyl acetate to g ive  colourless plates (1.98 g; 83.4% ), m .p. 257 — 258 °C (lit. 
[3] m .p . 258 °C).

C14H n N 30  (237.3). Calcd. C 70 .9; H  4.7; N 17.7. Found C 70.8; H 4.6; N  17.7% .
IR : vN H  3320, vNHamide 3250 — 2800, t>COamide 1642, v C = N  1588, <5NH 1531, 1,2-di- 

su b st. Ar 775, monosubst. Ar 695, 759 c m -1 .

4 -(4 -H ydro x y p ip erid in o )-1 (2 Ii)-[>hthalazinoiie (5 a )

A  m ixture of chlorophthalazinone (4.50 g; 0.025 mole) and 4-liydroxypiperidine (5.05 g; 
0.05 m o le) was heated to 170 —180 °C in  nitrogen gas atm osphere for 12 hrs. The m elt which  
crysta llized  on cooling was m ixed w ith  som e water, the crude product (5.30 g; 86.5% ; m.p. 
220 — 224 °C, halogen-free) was filtered  o ff  and washed with water. Colourless needles were 
o b ta in ed  on  recrystallization from  m u ch  water after clarification w ith  carbon. M.p. 223 — 
- 2 2 4  °C.

C13H I5N 30 2 (245.3). Calcd. N  17.1. Found N 17.2%.
IR : rO H  3425, »NHamide 3250 — 2600, vCH2(N) 2820, vCOamide 1653, rC =  N 1588, v C - 0  

1058 or 1065, 1,2-disubst. Ar 748 c m -1 .
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4-(3-H ydroxypiperid ino)-l(2H )-phthalazinone (5b)

On the analogy o f the preparation of 5a, heating o f  chlorophthalazinone (4.50 g; 0.025 
m ole) and 3-hydroxypiperidine (5.05 g; 0.05 mole) for 12 hrs in  nitrogen gas atm osphere at 170 — 
— 180 °C, yielded the crude product (5.13 g; 83.8% ; m .p. 188 —190 °C, halogen-free). When 
crystallized from water, colourless needles or prism s were obtained, m .p. 194 — 196 °C.

C13H 15N 30 2 (245.3). Calcd. N  17.1. Found N  17.1% .
IR : rOH 3330, v N H amide 3 2 5 0 -2 6 0 0 , rC H ,(N ) 2805, vCOamIde 1658, vC =  N  1586, v C - 0  

1075 or 1062, 1,2-disubst. Ar 762 cm -1 .

4-(3-H ydroxym ethylp iperid ino)-l(2 if)-phthalazinone (5 c )

In a ground-glass conical tube a m ixture o f 3-piperidinem ethanol (2 .30 g; 0.02 mole) 
and chlorophthalazinone (1.80 g; 0.01 mole) was heated  for 12 hrs to 170 —180 °C under reduced  
pressure (66 — 80 mbar). The hard resin became a paste on treatm ent w ith w ater, then  solidified  
again. The crude product (2.40 g; 92.6% ; m.p. 180 — 183 °C) was crystallized from  m uch water 
or aqueous ethanol to ob ta in  colourless prisms, m .p. 183 — 185 °C.

C14H u N 30 2 (259.3). Calcd. N 16.2. Found N  16.3% .
IR : rOH 3390, vN H amide 3 3 0 0 -2 6 0 0 , vCH2(N ) 2785, t-COamide 1642, v C = N  1578, v C - 0  

1022, 1,2-disubst. Ar 758 c m -1 .
4-(2-H ydroxym ethylp iperid ino)-l(2 if)-phthalazinone (5d) could not be prepared from  

2-piperidinem ethanol and chlorophthalazinone either according to the procedure applied in  the 
preparation of 5c or in g lycol solution (60 h).

Am inolysis o f chlorophthalazinone ( l a ,  CPA) in  glycol solution

Instructions for effecting the am inolysis and purify ing the reaction product

A m ixture o f CPA, the amine and glycol was gen tly  boiled in a flask equipped w ith a 
reflux condenser and a therm om eter reaching into the liquid (the ground jo in ts were greased) 
until the increase of boiling point measured in the liquid stopped. After d ilution  w ith  water 
(750 m L of water for 40 m L o f glycol), the crude product was filtered off, and the by-product 
phthalazonyl glycol ether (8a) and eventual CPA contam ination were rem oved by extraction  
w ith hot water (100 m L o f H 20  for 1.0 g o f crude product). Extraction was repeated until con
stant m.p. and negative B eilstein test were attained. Products 5 and 7 were crystallized from 
a suitable solvent to achieve further purification.

4-Pyrrolid ino-l-(2H )-phthalazinone (5e)

A m ixture o f chlorophthalazinone (9.00 g; 0.05 m ole) and pyrrolidine (7.1 g; 0.1 mole) 
was refluxed in ethylene glycol (40 mL) for 5 hrs. The crude product separated on dilution with  
water (10.34 g; 96.2% ; m .p. 187 —189 °C, halogen-free) and was crystallized from  ethanol to 
obtain colourless plates, m .p. 189 —190 °C.

C,..H13N 30  (215.3). Calcd. N 19.5. Found N  19.6% .
IR": i>NHamide 3 3 0 0 -2 6 0 0 , rCH ,(N) 2858, vCOamide 1648, r C = N  1571, 1,2-disubst. 

Ar 776 cm -1.

4 -Pipcridino-1 ( 2 / /  ) -pllthalazinone (5 f)

A m ixture of ethylene glycol (40 mL), piperidine (8.52 g; 0.1 m ole) and CPA (9.00 g; 
0.05 m ole) was refluxed for 10 hrs. The crude product which separated on dilution  w ith water 
(10.3 g, halogen-free) was purified by extraction w ith  hot water to give colourless fla t needles 
(8.58 g; 74.9% ), m .p. 197 — 197.5 °C (from ethanol).

C13H 15N 30  (229.3). Calcd. N 18.3. Found N  18.2% .
IR: vNH amlde 3 3 0 0 -2 6 0 0 , vCH,(N) 2829, vCOam,de 1641, v C = N  1581, 1,2-disubst. 

Ar 741 cm -1 .

4-(4-M ethylpiperid ino)-l(2H )-phthalazinone (Sg)

A m ixture of 4-m ethylpiperidine (9.92 g; 0.1 m ole) and CPA (9.00 g, 0.05 m ole) was 
refluxed in ethylene glycol (40 m L) for 10 hrs. The crude product (10.2 g, halogen-free) was ex
tracted w ith hot water, to  give 9.32 g (76.7% ) of 5g, m .p. 2 0 8 —210 °C. Colourless prisms from  
ethanol, m.p. 210 — 211 °C.
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Cu H l7N 30  (243.3). Calcd. N  17.3. Found N 17.4% .
IR : v N H amide 3 3 0 0 -2 6 0 0 , vCH2(N ) 2810, i-COamide 1650, v C = N  1582, 1 ,2-disubst. 

Ar 779 c m - 1 .

4-(3-M ethylpiperid ino)-l(2H )-phthalazinoiie  (5h )

In  e th y len e  glycol solution (40 m L), a m ixture of 3-m ethylpiperidine (9.92 g; 0.1 m ole) 
and CPA (9 .0 0  g; 0.05 mole) was refluxed  until the elevation o f the boiling point m easured in  
the so lu tio n  stopped (10 h). The crude product precipitated on the addition of water (10.8 g, 
halogen-free); i t  was extracted w ith  h o t water and 5h (9.24 g; 76% ) was crystallized from  
aqueous eth a n o l to sive  colourless e lon gated  plates, m .p. 180 —181 °C.

C14H 17N 30  (243.3). Calcd. N  17.3. Found N 17.3% .
IR : i>NHamide 3 3 0 0 -2 6 0 0 , rC H ^ N ) 2840, vCOamide 1645, r C = N  1582, 1,2- d isubst. 

Ar 754 c m - 1 .

4 -(2-M ethylp ip erid ino)-l(2 if)-ph thalazin one (5 j)

A  m ixtu re  of CPA (18.00 g; 0.1 m ole) and 2-m ethylpiperidine (19.84 g; 0.2 m ole) was 
refluxed  in  g lycol solution (80 mL) for 50 hrs. The halogen-free crude product iso lated  after di
lution  w ith  w ater was suspended in  ethanol (200 mL), heated to  the boiling tem perature and, 
after co o lin g , the undissolved ph thalazon yl glycol ether (8a) was filtered off. The evaporation  
residue o f  th e  alcoholic m other liquor w as extracted w ith cold chloroform. The extract crysta l
lized from  aqueous alcohol as colourless f la t  needles (0.59 g; 2.4% ), m .p. 157 — 159 °C.

C ^H j-N sO  (243.3). Calcd. N  17.3. Found N 17.4% .
IR : vN H atnide 3 3 0 0 -2 6 0 0 , rCEL 2799, 2848, rCOamide 1660, y C = N  1588, 1,2-d isubst. 

Ar 779 c m - 1 .

4 -(3 ,5 -D im ethylp iperid in o)-l(2Ii)-p hth alazin one (5 i)

3,5-D im ethylpiperid ine (11.32 g; 0.1 mole) and CPA (9.00 g; 0.05 mole) were refluxed  
in g lyco l so lu tion  (40 mL) for 10 hrs. The halogen-free crude product which separated on dilu
tion  w ith  w ater  (1L3 g) was purified b y  extraction  w ith hot w ater as described in the Instruc
tions a b o v e , to  give 9.74 g (75.8% ) o f  51; th ick  needles from aqueous ethanol, m .p. 208 — 210 °C.

C,5H 14N 30  (257.3). Calcd. N  16.3. Found N  16.4%.
IR : t’N H amide 3 3 0 0 -2 6 0 0 , rC II, 2812, 2834, rCÓamide 1645, i>C=N 1582, 1 ,2-disubst. 

Ar 771 c m - 1.
W h en  2,6-dim ethylpiperidine w as treated as described above, the product obtained after  

refluxing for 60 hrs was a m ixture of g lycol ether and CPA; no iV-substituted product (5k) could 
be iso la ted .

4-M orpholino-l(2H )-phthalazinone (51)

A  m ixture of ethylene glycol (40 m L), morpholine (8.71 g; 0.1 m ole) and CPA (9.00 g; 
0.05 m ole) w as refluxed for 25 hrs and the cold solution was diluted w ith  water. The crystals  
which separated  (10.4 g, halogen-free) were filtered off and purified by extraction w ith  hot 
water to  g ive  8.63 g (74.7% ) of 51: colourless needles, m.p. 240 — 241.5 °C (from ethanol). 

C ,.,H ,3N 30., (231.3). Calcd. N  18.2. Found N  18.3% .
IR : rN H amide 3 3 0 0 -2 6 0 0 , j>CH2(N ) 2848, rCOamlde 1659, v C = N  1586, 1 ,2-disubst. 

Ar 748 c m -1 .

4-(2,6-D im ethylm orpholirio)-! ( 2 //)-p h th a laz iiion e  (5m )

2,6-D im ethylm orpholine (11 .52 g; 0.1 mole) was allow ed to react w ith  chlorophthala- 
zinone (9 .0 0  g; 0.05 mole) in g lycol (40 m L) solution. After stab ilization  of the boiling point 
m easured in  the solution (25 h), th e  m aterial which separated on dilution w ith water (11.3 g) 
was filtered  o ff and extracted w ith  h o t water (cf. Instructions) to rem ove the by-products and 
to o b ta in  9 .38  g (72.4% ) of 5m; colourless prisms, m .p. 265 — 268 °C (from ethanol).

C14H )7N 30 2 (259.3). Calcd. N  16.2. Found N 16.2% .
IR : vNHaJnWe 3 3 0 0 -2 6 0 0 , vCH3(N ) 2849, гСОатМе 1650, p C = N  1582, 1 ,2-disubst. 

Ar 766 c m - 1 .
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4-H exam etliyIeneim ino-l(2H )-phthalazinone (5n )

H exam ethyleneim ine (9.92 g; 0.1 m ole) and chlorophthalazinone (9 .00  g; 0.05 mole) 
were refluxed in glycol solution (40 m L) for 15 hrs. The crude product w hich separated on the 
addition of water (9.5 g) was extracted w ith  hot water. The halogen-free product m elted at 
201 — 203 °C (7.17 g; 58.9% ). Colourless plates from  ethyl acetate, m .p. 203 — 204 °C. 

C14H „ N 80  (243.3). Calcd. N 17.3. Found N  17.4% .
IR : vNH amlde 3 3 0 0 -2 6 0 0 , rCH..(N) 2848, rCOamide 1645, fC = N  1579, 1,2-disubst. 

Ar 782 cm -1 .

4-H eptam ethyIeneim ino-l(2H )-phtha]azinone (5o)

H eptam ethyleneim ine (5.66 g; 0.05 m ole) and CPA (4.50 g; 0.025 m ole) were refluxed  
in  ethylene glycol (20 m L ) for 15 hrs, to give, after dilution w ith water, a crude product (6.5 g) 
strongly contam inated w ith  CPA. After boiling w ith  water three tim es, th e  stick y  substance 
was m ixed w ith ethanol (70 m L), ihe  solution was filtered, the filtrate was evaporated  to dry
ness and the residue was extracted  w ith hot ethyl acetate. The substance ex tracted  crystallized  
from  aqueous ethanol in the form of colourless prism s (2.44 g; 38% ), m .p. 192 — 194 °C.

C15H 19N aO (257.3). Calcd. N 16.3. Found N  16.4% .
IR : rN H amide 3 3 0 0 -2 6 0 0 , j-CH2(N) 2842, гСОати,е 1648, r C = N  1580, 1,2-disubst. 

Ar 778 cm "1.

4-O ctam ethyIeneim ino-l(2H )-phthaIazinone (5p)

A m ixture o f ethylene glycol (10 mL), octam ethyleneim ine (5.09 g; 0 .04  m ole) and CPA 
(3.6 g; 0.02 mole) was refluxed for 15 hrs. The em ulsion formed on dilution w ith  w ater was mixed  
w ith  hydrochloric acid in an am ount required to obtain a clear solution, and th e  insoluble crys
talline product (2.6 g) was filtered off. A suspension o f this product in ethanol (50 m L) was 
shortly boiled, cooled, and filtered; the substance filtered off consisted of a m ixture o f l a  and 
8a. The evaporation residue o f  the filtrate was repeatedly extracted w ith hot w ater (c f Instruc
tions). The purified 5p (1.12 g; 20.6% ) crystallized from  ethyl acetate in the form  o f colourless 
prism s, m .p. 173— 174 °C.

Ск, Н , ,^ 0  (271.4). Calcd. N  15.5. Found N  15.4% .
IR: vN H amide 3 3 0 0 -2 6 0 0 , rCH.,(N) 2842, rCOamide 1648, r C = N  1578, 1,2-disubst. 

Ar 777 c m - 1.

2-M ethyI-4-piperid ino-l(2H )-phthalazinone (5q; Q =  Me, Z =  p iperidyl-)

(a )  H alogen-free 5q was prepared from 2-m ethyl-4-chlorophthalazinone ( lb )  (9.73 g; 
0.05 m ol;) by refluxing it  w ith  piperidine (8.52 g; 0.1 m ole) in glycol solution (40 m L ) for 10 hrs. 
The crude product (9.70 g; 79.7% ) precipitated on the addition of water, m .p . 92 — 95 °C; it  
was crystallized from aqueous ethanol to  give colourless prisms, m .p. 95 — 96 °C.

(b )  P iperidinophthalazinone (5f) (2.29 g; 0.01 m ole) was dissolved in a m ixture of 
M ethyl Cellosolve (20 m L) and water (5 m L) in the presence of potassium  h yd roxyd e (2.8 g; 
0.05 m ole). D im ethyl su lfate (3.78 g; 0.03 m ole) was added in small portions to  the cold solu
tion, under m echanical stirring. After standing for 1 h, the solution was d ilu ted  w ith  water 
and evaporated to dryness on a rotary evaporator. The crude product (2.10 g; 86.3% ), m.p. 
93 — 95 °C," was suspended in water, filtered o ff and recrystallized from aqueous ethanol. The 
substance obtained was identical with that prepared according to m ethod ( a ) .

C14H  NjO (243.3). Calcd. N  17.3. Found N  17.4% .
IR : vCfh, 2820, t>COamide 1648, rC =-N  1579, 1,2-disubst. Ar 782 cm " 1.

2-M ethyI-l(2f/)-phthalazonyl-4-(2-hydroxyethyl)cther (8b)

The product (1.7 g; 15.4% ) obtained by evaporation of the aqueous-glycolic mother 
liquor from the preparation o f 5q according to m ethod (a ) ,  was crystallized from  ethanol to 
give colourless needles, m .p. 153 —154 °C.

Cn H )2N20 8 (220.2). Calcd. C 60.0; II 5,5; N  12.7. Found C 60.2; H 5.4; N  12.8% .
IR : rOII 3338, rCOamide and r C = N  1632, 1580, vC—О 1083, 1 ,2-disubst. Ar 735 cm "1.
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4-(jV -M ctliy l-n -buty lam ino)-l(2 i/)-ph thalazinon e (7a)

C PA  (9.00 g; 0.05 m ole) and  2V-m ethyl-n-butylam ine (8 .72  g; 0.1 m ole) were refluxed  
in  e th y len e  g lycol (40 mL) for 60 hrs. T he air-dry crude product (9 .3  g) which separated on the  
add ition  o f water was extracted  w ith  chloroform. The extract (6 .48  g; 56% ) gave colourless 
needles w h en  crystallized from  aqueous ethanol; m.p. 114.5 —116 °C.

C13H 1;N 30  (231.3). Calcd. N  18.2 . Found N 18.2% .
IR : vNHjmidj 3300—2600, vCH2(N ) 2838, rCOamjde 1650, v C = N  1580, 1,2-disubst. 

Ar 754 c m -1 .

4-(lV -M ethylcyclohexylam ino)-l(2H )-phthalazinone (7b)

A n alogously  to the preparation o f  7a, a practically halogen-free reaction product (6 .0  g) 
was ob ta in ed  from  iV -m ethylcyclohexylam ine (0.1 mole). Com pound 7h (0.84 g; 6.53% ), isolated  
b y  ex tra ctio n  w ith  ethanol (100 m L ), w as crystallized from  aqueous ethanol to give colourless 
needles, m .p . 168 — 169 °C.

C15H lqN 30  (257.3). Calcd. N  16.3. Found N  16.4% .
IR : vN H amlde 3 3 0 0 -2 6 0 0 , vCOamWe 1655 sh, 1642, v C = N  1578, 1,2-disubst. Ar 782 cm “ 1.

1 - Diet hy lan iiп о -1 ( 2 / / ) -plithalaziпопе (7 c )

C PA  (9.00 g; 0.05 m ole) and diethylam ine (7.3 g; 0.1 m ole) were refluxed in glycol 
(40 m L ) for 60 hrs. Compound 7c (0.15 g; 1.4% ) was extracted from  th e  crude product w ith  ethyl 
acetate; colourless needles from  aqueous ethanol, m.p. 134 — 135 °C.

C1»Hl6N 30  (217.3). Calcd. N  19.3 . Found N 19.2% .
IR': rN H amide 3 3 0 0 -2 6 0 0 , rCH„ 2828, rCOamide 1655, j>C =N  1582, 1,2-disubst. Ar 

782 c m “ 1.
IV- E  t  h y  1 - ra-b u t у  1 a mi n e and di-n-propylam ine failed to  g ive  the coupled products (7d, 

7e) w ith  CPA when refluxed for 60 hrs in  ethylene glycol. The crude product which separated on  
the a d d ition  of water was a m ixture o f  l a  and 8a.

*

E lem enta l analyses were ob ta in ed  in the Micro ana ly tica l Laboratory of the In stitu te  
(headed b y  Dr. H. M e d z i h r a d s z k y ) ;  th e  starting m aterials were supplied by the Bristol L ab
oratory, Syracuse, N. Y ., U .S .A . T he authors gratefully acknow ledge their co-operation.
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REACTIONS OF METHYL 3-ARYL-2-PROPYONATES 
WITH NUCLEOPHILIC NITROGEN COMPOUNDS

G. E . M. Mo u s sa , M. N . B a s y o u n i , F . A . F o u l i and K . A . K a n d e e l

( Chemistry Departm ent, F acu lty  o f  Science, A in  Sham s U niversity, A bbassia, Cairo, Egypt)

Benzylam ine reacts w ith  m ethyl 3-phenyl-(IVa) and m ethyl 3-(p-m ethoxyphe- 
nyl)-(IV b)2-propynoates to  give the corresponding iV-benzyl-3-aryl-2-propynoic amides 
(Va and b). On the other hand, m ethyl 3-(p-chlorophenyl)-2-propynoate (IYc) give 
m ethyl (Z)-/?-benzylainino-p-chlorociniiam ate (Via).

p-M ethylam inobenzene and p-m ethoxyam inobenzene react w ith  IV a—c to give 
the corresponding m eth y l (Z)-/S-(arylam ino)cinnam ates (VIb—g). Sim ilarly, o-pheny- 
lenediam ine gave w ith  IVc, m ethyl (Z)-/?-(o-am inoanilino)-p-chlorocinnam ate (УП).

Benzoylhydrazine reacts w ith IVa and b to give the corresponding 1 Л -3-aryl-l- 
-benzoyl-5-hydroxypyrazole (Villa and b); V illa was converted into  the know n 3-phe- 
nylpyrazol-5-one by the action  of concentrated hydrochloric acid.

Benzam idine hydrochloride and IV a —c in the presence of aqueous sodium  car
bonated give the corresponding m ethyl (Z)-/?-benzamidinocinnam ates (IX a—c).

A lth o u g h  th e  re a c tio n s  o f  nucleoph ilic  n itro g en  com pounds w ith  esters 
o f  propiolic  acid  an d  ace ty len ed ica rb o x y lic  acid  have  been  e x te n s iv e ly  in 
v e s tig a te d  [1] , few ex am p les  are  re p o rte d  fo r sim ilar reac tio n s w ith  esters  o f
3 -ary l-2 -p ropyno ic  ac id . F o r  exam ple , i t  has been rep o rted  t h a t  e th y l  3-phe- 
n y l-2 -p ro p y n o a te  re a c ts  w ith  n -b u ty la m in e  [2] to  give a m ix tu re  o f  e th y l 
cis-/?-(lV -n-bu ty lam ino)cinnam ate (I) a n d  iV -(n -bu ty l)-3 -pheny l-2 -p ropyno ic  
am id e  (H a). A lso, in  a re c e n t p u b lica tio n  [3] from  th is  la b o ra to ry , i t  w as de
m o n s tra te d  th a t  e th y len ed iam in e  an d  e th an o lam in e  exclusively  a t ta c k  th e  
e s te r  g roup ing  o f m e th y l 3 -a ry l-2 -p ro p y n o a tes  to  give th e  co rresp o n d in g  di-(lV- 
m e th y len e-3 -ary l-2 -p ro p y n o ic  am ides) (III)  a n d  IV -h y d ro x y c th y l-S -^ -ch lo ro -

K eceived October 12, 1979 
In revised form February 5, 1980 

A ccepted for publication, March 13, 1980

Ar—C = C — CONHCHjR

I II

(a) A r=C cH 5, R =  (СИ2)2СНз

(b) A r = C 0H«Cl-p, R =  CHiOH

(Ar— C s C — C0N1I— CD2—f-2

III
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p h en y l)-p ro p y n o ic  am ide (lib), respective ly . T h e  p re s e n t w ork w as a im ed  a t  
e x te n d in g  th e  s tu d y  o f th e  re a c tio n s  o f m e th y l 3 -a ry l-2 -p ro p y n o a tes  w ith  hen - 
zy lam in e , v a rious am in o -d e riv a tiv e s  such as p -m e th y lam in o b en zen e , p -m e - 
th o x y a m in o b e n z e n e  a n d  o -pheny lened iam ine, b en zo y lh y d raz in e  an d  benz- 
am id in e  hydro ch lo rid e  in  o rd e r  to  estab lish  th e  s t ru c tu re  an d /o r co n fig u ra tio n  
o f  th e  p ro d u c ts  as well as th e  scope o f th e  reac tio n s .

a) R eactions with benzylam ine

W h e n  m ethy l 3 -a ry l-2 -p ro p y n o a tes  (IYa—c) w ere  allow ed to  re a c t w ith  
a n  e q u im o la r  am oun t o f b en zy lam in e  in  m e th an o l, th e y  gave rise to  th e  co r
re sp o n d in g  iV -benzyl-3-ary l-2-propynoic  am ides (Ya a n d  b) in  th e  case o f  IVa 
a n d  IVb, a n d  m ethy l (Z) -/3- b  e n z y l a m ino-p - chi o r о c in  n a m  a te  (Via) in  th e  case

route a
Ai— С = C— C'ONHK 

V

Ar— C = C — CO2CH3 +  R N H 2 

IV

(a) Ar =  CijHc

(b) Ar =  С0Н1 ОСН3 - 3 3

(c) Ar =  CnHiCI-p

0») Ar =  CoH4Cl-j). R = C6H.5CH2—

(b) Ar =  C0H5— , R - Or,H4CH з -р

( c ) Ar =  CcHiOCHs-p, R С'бНгСНз-j)

(<!) Ar =  CcH4Cl-p, R = СцНгСНз-р

(e) Ar =  C0H5—, R -- C0II1OCH3-P

( 0 Ar =  CGH 4OCH3-yj R Cr,H4OCH3-/i

(s) Ar =  Cc.IRCl-p К ('„TROCHsp

(a) Ar =  CeH» K --C «H äCH2-

(b) Ar — C0H4OCH3-P, R C11H5CH2-

r o u te  b

Ar
\  /  
c = c  

/  \

H

N
/  \

R H-
//
С—OCH3

VI

o f IVc. I n  th e  f irs t case, b en zy lam in e  a tta c k e d  th e  e s te r  grouping  (ro u te  a), 
w h e reas  in  th e  la t te r  case nucleo p h ilic  a tta c k , b y  th e  am ine , a t  th e  /J-acety lenic 
c a rb o n  a to m  occurred (ro u te  b).

T h e  s tru c tu re  o f  Va a n d  b w as confirm ed  b y  a n a ly tic a l d a ta , in f ra re d  
a n d  e lec tro n ic  spec tro scopy  (c f.  T ab le  I).

T h e  s tru c tu re  o f Via w as estab lished  fro m  its  a n a ly tic a l d a ta  an d  in f ra 
re d  sp ec tro sco p y  w hich  w as devo id  of a b a n d  a t  ca. 2200 c m -1  (vc=c) ( cf •
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Table I

N -Benzyl-3-aryl-2-propynoic amides (Va and b) and methyl (Z)-ß-henzylamino-p-chlorocinnamate
(V ia)

Com
pound

m.p.
(°C)

Yield
(%) Formula

Analysis: Calcd., Found Infrared 
spectra (cm- )

Electronic
spectra

C H N VNH »■o-c ”0 -0 Ушах
M log«

Va 1 0 4 -5 * 70 CleH 13NO 81.68 5.57 5.95 3260 2220 1630 258 4.5
81.70 5.53 5.46

Vb 1 0 4 -5 * * 60 Cl:H lsNO, 76.96 5.70 5.28 3260 2210 1635 277 4.4
76.50 5.66 5.20 291 4.3

Via 7 7 - 8 * 75 CjjH u CINO. 67.66 5.34 4.64 3280 _ 1640
68.05 5.68 4.19

* From m ethanol 
** From benzene

T ab le  I). I ts  c o n fig u ra tio n  as Z  w as e s ta b lish e d  from  the  fa c t t h a t  vc _ Q has 
a low er v alue  w h en  com pared  w ith  r c _ 0 o f  a ,/S -unsaturated  e s te rs  [4]. This 
suggested  ch e la tio n  o f  th e  C = 0  group  b y  th e  N H  group and  th is  is o n ly  com 
p a tib le  w ith  a Z -co n fig u ra tio n  of th e  p ro d u c t.

I t  is w o rth  n o tin g  th a t  e th y le n e d ia m in e , e thano lam ine  [3] a n d  n -b u ty l-  
am ine  [2] h av e  b een  rep o rted  to  give w ith  m e th y l (or e thy l) 3 -p h en y l-2 -p ro - 
p y n o a te , iV -su b stitu ted -3 -p h en y l-2 -p ro p y n o ic  am ides. These re su lts  to g e th e r  
w ith  th o se  o b ta in e d  in  th e  case of b e n z y la m in e  m ay , therefo re , e s ta b lish  th a t  
a lip h a tic  p r im a ry  am ines a tta c k  th e  e s te r  g roup ing  of ace ty len ic  e s te rs  p re 
fe ren tia lly  to  give deriv a tiv es  o f 3 -a ry l-2 -p ro p y n o ic  am ides. H o w ev e r, fo rm 
a tio n  o f V ia  fro m  m e th y l 3 -(p -ch lo ropheny l)-2 -p ropynoate  (IVc) a n d  benzy l- 
am ine  m ay  be ex p la in ed  on th e  basis  t h a t  th e  presence of a c h lo rin e  a to m  
(w ith  its  - I  effect) in  th e  p -p o sition  o f  th e  pheny l group a d ja c e n t  to  th e  
— C = C — group  m akes th e  la t te r  m ore  su scep tib le  to  be a t ta c k e d  b y  th e  
nucleophile .

b) Reactions w ith  p r im a ry  arom'atic am in es a n d  o-phenylenediam ine

A d d itio n  o f an  equim olar a m o u n t o f  p -m e th y lam in o b en zen e  o r p -m e- 
th o x y am in o b en zen e  to  a m ethanolic so lu tio n  o f each of IV a, b o r c follow ed 
b y  re flu x in g  fo r 5 hrs gave m eth y l (Z )-/S -(ary lam ino)cinnam ates (V Ib—g), 
as a resvdt o f a nucleoph ilic  a tta c k  on th e  /9-acetylenic carbon  a to m  (ro u te  b).

T he s tru c tu re  o f  V Ib —g was co n firm ed  b y  ana ly tica l d a ta ,  in f ra re d  an d  
e lec tron ic  sp ec tro sco p y  (c f. Table I I ) .  A g a in , th e  low values o f  vc= 0  an ,l  r NH 
in  these  co m pounds suggested  th a t  h y d ro g e n  bond ing  betw een  th e  C = 0  an d  
N H  groups is in v o lv ed  and  th is e s tab lish ed  c o n fig u ra tio n  of th e  p ro d u c ts  as Z .
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Table П

M ethyl (Z )-ß -(p - to ly la m in o )  and (p-m ethoxyphenylam ino)-cinnam ates  (VI b— d) and  (V ie— g)

Com
pound

m.p.
(°C)

Yield
(%) Formula

Analysis: Calcd., Found Infrared 
spectra (cm-1)

Electronic
spectra

C H N »’NH »c-o ^max
(nm) bg e

Vlb 9 0 - 1 * 52 C17H „N O , 76.38 6.41 5.24 3240 1670 245 4.05
76.81 6.44 5.36 320 4.1

Vic 79** 47 c 18h 19n o 3 72.72 6.44 4.71 3240 1660 246 4.05
73.03 6.38 4.32 320 4.3

VId 104*** 68 C17H leC lN 02 67.66 5.34 4.64 3240 1685 250.5 4.15
67.26 5.30 4.28 322 4.2

Vie 8 6 — 7 * * ’ 64 c I7h 17n o 3 72.08 6.05 4.94 3280 1670 252 4.2
72.50 6.01 4.58 323 4.2

V lf 83**** 83 C18H 18iN-04 69.00 6.11 4.47 3240 1650 249 4.05
69.49 6.26 3.98 320 4.15

VIg 120* * * * 76 C17H 16C IN 0 3 64.25 5.07 4.40 3240 1660 256.5 4.2
64.34 5.41 3.99 325 4.3

* From  m ethanol
** From  light petroleum (b.p. 80 — 100 °C) 

*** From  light petroleum  (b.p. 4 0 —60 °C) 
**** From  light petroleum (b.p. 60 — 80 °C)

F o rm a tio n  of th e  Z -isom ers in  these  a d d itio n s  is consisten t w ith  (i) th e  
p rev io u s  f in d in g s  th a t  th e  a d d itio n  of p rim a ry  am in es to  acety lenes c o n ju g a te d  
w ith  c a rb o n y l g roups proceeds exclusively  so t h a t  th e  C =  0  and  N H  su b s ti tu e n ts  
are  p la c e d  in  Z  position  to  each  o th e r [1, 5], a n d  (ii) w ith  th e  w ell-es tab lish ed  
ru le  o f  tra n s-n u c le o p h ilic  a d d itio n s  [6] on th e  o th e r  han d .

S im ila rly , o -pheny lened iam ine  re a c te d  w ith  m e th y l 3 -(p-ch lorophenyl)-2- 
-p ro p y n o a te  (IVc) in  m e th a n o l a t  room  te m p e ra tu re  to  give m e th y l (Z)-/?- 
-(o -am in o an ilin o )-p -ch lo ro c in n am ate  (V II), w hose s tru c tu re  was con firm ed  b y  
its  a n a ly tic a l  d a ta , in fra red  an d  N M R  sp ec tro sco p y . T h u s  its  in frared  sp e c tru m  
show s pc= 0  a t  1650 c m -1  an d  pNH in  th e  reg io n  o f  3430—3220 c m -1 a n d  its

р-СЮ еЩ - C = C —CO2CH3 +  0-H2N— СеЩ—N H 2 -----------------*-

IVc
p-ClCoH* H  

\  /  
c = c

O - H j N - C a H * - ] ^  ^ C —  0 C H 3

VII
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N M R  sp ec tru m  show s signals a t  d 5.05 (s, 1 H , o lefin ic), 3.7 (s, 3 H , C 0 2CH3) 
a n d  6 .4 —7.2 (m , 8H , a ro m atic ). A gain , co m p o u n d  VII show ed ch e la tio n  effects 
as is ev iden t from  th e  low  va lu e  o f pc_ 0 as c o m P are(l  w ith  pc _ 0 ° f  oc,ß-nn- 
s a tu ra te d  esters [4]. T h is m ay  also estab lish  th e  co n figu ra tion  o f  th e  p ro d u c t 
as Z .

These re su lts  show  th a t  p rim a ry  a ro m a tic  am ines an d  d iam ines ad d  to  
m e th y l 3 -a ry l-2 -p ro p y n o ates  accord ing  to  ro u te  b, i.e. nucleophilic  trans  a t ta c k  
a t  th e  /S-acetylenic ca rb o n  a to m  (c f. ref. [1, 5, 6 ]) to  give th e  (Z )-com pounds.

c) Reaction w ith  benzoylhydrazine

R eflux ing  a so lu tio n  o f m e th y l 3-phenyl- (IVa) an d  m eth y l 3 -(p -m eth o x y - 
phen y l)- (IVb) 2 -p ro p y n o a te s  w ith  an  e q u im o la r a m o u n t o f ben zo y lh y d raz in e  
in  m eth an o l gave th e  co rrespond ing  lii-3 -a ry l- l-b e n zo y l-5 -h y d ro x y p y ra z o le s  
(V illa  and b) w hose s tru c tu re  w as con firm ed  b y  an a ly tic a l d a ta , in fra re d  and  
e lec tron ic  sp ec tro sco p y  (c f. T ab le  III). F u rth e rm o re , V illa  w as h y d ro ly zed  
w ith  co n cen tra ted  hyd ro ch lo ric  acid  ( cf. E x p e rim e n ta l)  to  give th e  know n  [7] 
3 -pheny lpyrazo l-5 -one.

T he absence o f  a b a n d  a t  1705—1710 c m -1 , w hich is c h a ra c te ris tic  o f 
th e  C = 0  group o f pyrazo lones [8], in  th e  s p e c tra  o f VIII suggested  th a t  th e y  
m o st p ro b ab ly  e x is t in  th e  enolic form  in d ic a te d .

T he reac tio n  o f  th e  acety len ic  esters (IVa a n d  b) w ith  ben zo y lh y d raz in e  
seem s to  tak e  p lace  b y  an  in itia l a tta c k  on  th e  /З-acety len ic  ca rb o n  a to m  b y

Ai—  C S C — CO2CH3 +  HaNHNCOPk 

IV

(a) Ar =  C0H 5

(b) Ar =  C0II4OCH3 ;>

Ar

C = C H
/  \

H N  C = 0

COPh

Ar H

w  
, / \
H N . -* - 0 = 0

\ ( A
HN *0C H j 

COPh

(A)

-СЯ.ОН

Ar

C— CHa
//  \

v o=o
I

COPh

Ar
V

N.

C— CH
// w
n n /

I
COPli

VIII

C— OH

(a) Ar =  C„H5

(b) Ar =  CeHiOCHj-p

Acta Chim. Acad. Sei. H ung. 106, 1981
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Table III

lH -3-A ryl-l-benzoyl-S-hydroxypyrazoles (V il la  and b)

Com- m.p. Yield Formula
Analysis: Calcd., Found Infrared 

spectra (cm-1)
Electronic

spectra
pounds (°C) (%)

C H N VNH r e - о
Ушах(nm) logs

V illa 2 4 3 - 5 57 CieH 12N20 2 72.72 4.58 1.060 3180 1670 223 4.5
72.34 4.65 1.018

VUIb 250 61 c17h 14n , o 3 69.38 4.79 9.52 3160 1670 220 4.6
69.09 4.84 9.14 269 4.4

th e  N H 2 group  o -b en zo y lh y d raz in e  to  give in te rm e d ia te  A (n o t iso la ted ) 
w h ic h  th e n  gives V III via  r in g  closure. T his p o s tu la te  is co n sis ten t w ith  th e  
p re v io u s  fin d in g  [9] t h a t  a ro y lh y d ra z in es  ad d  to  th e  acety len ic  b o n d  o f d i
m e th y l  ace ty le n ed ic a rb o x y la te  to  give th e  h y d razo n es  of o x alacetic  e s te r  [9].

d) R ea c tio n  with benzam idine hydrochloride

T h e  acety len ic  es te rs  (IV a—c) re a c t w ith  benzam id ine  h y d ro ch lo rid e  
in  th e  p resen ce  of aqueous so d iu m  ca rb o n a te  ( cf. E x p erim en ta l)  to  give th e  
c o rre sp o n d in g  m ethy l (Z )-^ -b en zam id in o c in n am ates  (IX a—c) w hose s tru c tu re s  
w ere  c o n firm e d  by an a ly tic a l d a ta ,  in fra red  an d  e lec tron ic  spec tro sco p y . T hus, 
th e i r  in f ra re d  spectra  (c f. T a b le  IV ) show  s tro n g  b an d s  for C = 0  (che la ted ) 
a n d  N H  groups and  are  d ev o id  o f b an d s a t  ca. 2200 c m -1  (vCsC), w h ich  in 
d ic a te s  t h a t  th e  nucleophile  a t ta c k e d  p re fe re n tia lly  th e  ^ -ace ty len ic  carb o n

Table IV

M ethyl (Z)-ß-benzam idinocinnam ates (IX a—c)

C om 
p o u n d

m .p .
(°C)

Yield
(%) F o rm u la

A nalysis: C alcd ., F o u n d In fra re d  
sp e c tra  (cm - 1 )

E le c tro n ic
sp e c tra

C ' H N VNH *’C =  0
■^max
(n m ) log  e

IXa 144* 71 C17H leN 20 2 72.84 5.75 10.00 3260 1675 230 4.6
72.54 5.61 10.14 260 4.3

IXb 202* 77 c18h 18n 2o 3 69.67 5.85 9.03 3280 1675 238 4.5
69.33 1 5.33 8.69 261 4.4

lXc+ 192** 63 c 17h 15c in 2o 2 64.86 4.80 8.90 3260 1675 239 4.4
64.41 4.83 8.42 254 4.5

* From  benzene-ethanol m ixture  
** From  ethanol
+ Cl: Cal cd. 11.28; Found 11.73%
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a to m . T heir e lec tron ic  sp ec tra  ( cf. T ab le  IV) m ay  re flec t th e ir  s tru c tu ra l 
a n a lo g y .

Ar—C = C — CO2CH3

NH. HC1
II

IV
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(b) Ar — CsH-iOCHj-p

(c) Ar =  GY.HiCI-p
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All m elting points are uncorrected. Infrared (K B r discs) and electronic (in ethanol) 
spectra  were recorded on U nicam  SP 1200, B eck m anIR  20 and Beckm an D K -2  R atio-R ecording  
spectrophotom eters, respectively. 4 I-N M R  spectra (in CDC13) were recorded on a Varian 
X L -100-V  IT  system  using TMS as an internal standard.

General procedure for the addition of benzylam ine to  
m ethyl 3-aryl-2-propynoates (IV a —c)

Benzylam ine (1.0 g. 0.01 m ol) in  m ethanol (10 m L) was added to a so lution  of m ethyl 
3-aryl-2-propynoate (IV) (0.01 mol) in m ethanol (10 m L) and the reaction m ixture was allowed 
to stand at room tem perature for one to two days until crystallization occurred. The solid prod
uct was then filtered off and recrystallized from a suitable solvent to give lV-benzyl-3-aryl-2- 
-propynoic amides (Va and b) and m ethyl (Z)-/?-benzylam ino-p-chlorocinnam ate (Via). The 
results are given in Table I.

General procedure for the addition of primary arom atic am ines to  
m ethyl 3-aryl-2-propynoates (IV a—c)

p-M ethylam inobenzene or p-m ethoxyam inobenzene (0.01 m ol) in  m ethanol (10 mL) 
was added to a solution  o f the acetylenic ketone (IV) (0.01 mol) in m ethanol (10 m L ) and the 
reaction m ixture was refluxed for 5 hrs on a boiling water bath. The reaction m ixture was then  
allow ed to stand at room  tem perature overnight, whereby a crystalline product w as obtained. 
U pon filtration  and crystallization from the appropriate solvent, m ethyl (2)-/9-(p-tolylam ino) 
or (p-m ethoxyphenylam ino)cinnam ate derivatives (VIb —d or V ie—g) were obtained. The re
su lts are given in Table II.

Addition of o-phenylenediam ine to m ethyl 3-(p-chloroplienyl)-2-propynoate (IV c)

o-Phenylenediam ine (0.54 g, 0.005 m ol) in  m ethanol (10 mL) was added to a solution  
o f IVc (0.98 g, 0.005 m ol) in  m ethanol (10 m L) and the reaction m ixture was allow ed to stand 
a t room tem perature for 24 hrs. The solid that precipitated was filtered o ff  and recrystallized  
from  ligh t petroleum  (b.p. 80 — 100 °C) to give m ethyl (Z)-/?-(o-arninoanilino)-p-chlorocinna- 
m ate (VII) (60% yield), m .p . 159 — 160 °C.

CltH J5C lN ,02. Cal cd. C 63.47; H 4.95; Cl 11.73; N  9.25. Found C 63.63; H 5.11; Cl 11.69; 
N  8.90% .
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General procedure for the addition of benzoylhydrazine to m ethyl 
3-aryl-2-propynoates (IVa and b)

Benzoylhydrazine (0.01 m ol) in  m ethanol (20 mL) w as added to  a solution of the m eth y l 
3-aryl-2-propynoates (IVa or b) (0 .01 m ol) in  m ethanol (10 m L ) and the reaction m ixture was 
reflu xed  for 8 hrs on a boiling w ater-b ath . The solution w as th en  concentrated and the solid  
th a t precip itated  was filtered o ff  and  recrystallized from benzene-ethanol to give líf -3 -a r y l- l-  
-benzoyl-5-hydroxypyrazole (V il la  or b). The results are g iven  in  Table III.

Conversion o f lif-l-benzoyl-5-h ydroxy-3-ph en ylp yrazole  (V U Ia) 
in to  3-phenylpyrazol-5-one

] II - l-B enzoyl-5-hydroxy-3-phenylpyrazole (V illa ) (1 .0  g) in  concentrated hydrochloric 
acid (10 m L ) was refluxed for 2 hrs and the solid precipitated upon cooling of the reaction m ix
ture w as filtered off and dissolved in  water (5 mL). N eutra lization  o f the aqueous solution  
o f th e  hydrochloride w ith sodium  carbonate gave a precipitate w h ich  was filtered off and dried. 
R eerysta llization  of the product from  ethanol gave 3-phenylpyrazol-5-one (0.5 g), m .p. and  
m ixed  m .p . w ith an authentic specim en [7] 235 °C.

General procedure for th e  addition of benzam idine hydrochloride to 
m ethyl 3-aryl-2-propynoates (IV a— c)

Benzam idine hydrochloride (1 .6  g, 0.01 mol) in m eth anol (20 m L) was added to a so
lu tio n  o f  m ethyl 3-aryl-2-propynoate (IVa, b or c) (0.01 m ol) in  m ethanol (20 mL). A queous 
sod iu m  carbonate (0.53 g, in  the lea s t  am ount of water) was th en  added to the reaction m ixture  
dropw ise over 15 min. The reaction  m ixture was refluxed on a boiling w ater-bath for 5 hrs, 
concen trated  and the precip itated  solid was filtered off. R ecrystallization  from a su itab le  
so lv en t gave the corresponding m eth y l (Z)-/J-benzamidinocinnam ate (IXa, b or c). The results  
are g iv en  in  Table IV.

R EFE R E N C E S

[1] G e o r g e , M. V., K h e t a n , S. K ., G u p t a , R. K.: A dván. H eterocycl. Chem., 19, 279 (1976)
[2] I w a n a m i, Y.: Nippon K agaku Zasshi, 815, 600 (1962); Chem. A b st., 59, 3827a (1963)
[3] B a s y o u n i, M. N ., F o u l i, F . A .: A cta  Chim. Acad. Sei. H u n g ., (In  press)
[4] B e l l a m y , L. J .:  The Infrared Spectra o f Complex M olecules. Chapman and H all, London

1975
[5] P a t a i, S.: The Chemistry o f th e  Carbon-Carbon Triple B ond . John W iley and Sons, N ew

Y ork 1978
[6] T r u c e , W. E., S im m s, J. A ., B o u d a k ia n , M. M.: J. Am er. Chem. Soc., 78, 695 (1956);

T r u c e , W. E ., B o u d a k ia n , M. M., H e in e , R. F ., M cMa n im ia , R. J.: J . Amer. Chem. 
Soc., 78, 2743 (1956); T r u c e , W . E ., Simms, J. A.: J. Am er. Chem. Soc., 78, 2756 (1956); 
M il l e r , S. I.: J. Amer. Chem . Soc., 78, 6091 (1956)

[7] Cu r t iu s , T., K en n g o tt , E .: J . Prakt. Chem., 112, 314 (1926)
[8] Ga g n o n , P. E ., B o iv in , J . L ., P a q u in , R. J.: Can. J . Chem ., 31, 1025 (1953)
[9] G u d i , M. N ., H ir iy a k k a n v a r , J . G ., Geo r g e , M. V.: Indian  J . Chem., 9, 743 (1971)

G am al E l-D in  M. Moussa

M o h a m e d  N. Basyouni C h em is try  D e p a rtm e n t, F a c u lty  o f Science, 
F o u li  A . F ouli A in  Sham s U n iv e rs ity , A b b assia , C airo, E g y p t
K a m a l  A. K andeel

Aata Chim. Acad. Set. Hung. 106, 1981



RECENSIONES

E . W . F l i c k : H ousehold and  A u tom otive  Chemical S pecia lties

Noyes D ata  Corp., 1979, 390 pages

The book forms a volum e of the series o f  p a ten t and formulation collections know n also 
in  H ungary, and containes the full form ulation o f 54Г> very  useful household chem ical and motor 
car tending preparations. Descriptions are d iv ided  in to  three parts. In the first part percentage 
com position  of basic m aterials needed for the preparation are given, the second part contains 
im portant inform ation in conjunction w ith  the com pounding of the preparation, w hile in  the 
third part, the com pilers o f the volum e sum m arize the substantial merits o f the use o f the pre
paration. The volum e is organized in four m ain parts. The first part contains th e  form ulations  
o f  household chem ical preparations, the second those of motor-car tending agen ts. In  the third 
part the chem ical structure of the add itives m arked w ith a trade name in th e  form ulation , or 
its  approxim ate description, is given, and in  the fourth  part also the com panies m anufacturing  
the com ponents o f the given trade nam e.

H ousehold chem ical preparations, to m ention  only the m ost im portant, com prise de
tergents o f general use, detergent com positions for laundries, carpet cleaning and  tending  pre
parations, leather and plastics cleaners, floor and furniture revivers and p arqu et polishes, 
and dishwasher and washing com positions o f a w ide variety. The second part o f  th e  volum e 
contains form ulations o f preparations su itab le for the cleaning and polishing o f  m otorcars and 
for the cleaning o f the engine block, form ulations o f cleaning agents for the ten d in g  o f tyres 
and o f m any other car tending specialties.

The book w ill be a useful aid for chem ists and chemical engineers engaged  in  research 
and developm ent in the field  of household chem istry , because its study m akes th em  acquainted  
w ith  a series o f new  preparations, and the know ledge o f their properties o f  u tiliza tio n  and the 
prices o f  the additives offers a possibility to m odify  the formulations of their produ cts m anu
factured already.

B . L o s o n c z i

J .  I . D u f f y : P r in tin g  In ks

D evelopm ent since 1975 Chem ical Technology Review No. 139 
336 pages, Noyes D ata Corporation. N ew  Jersey, USA, 1979

This book, sim ilarly to other volum es o f th is  series, is an elaborated p a ten t collection  
relevant to a period o f a special field. It covers practically  all the US patents concerning print
ing inks, their m anufacture, application and lin ked  branches, having appeared betw een  Ja
nuary 1, 1976, and the end o f 1978. (Previous t it le s  on this subject were published in  1972 and 
1976!)

The book classifies the patents b y  su bject m atter  in the following groups:
1. Conventional prin ting  inks, their binders and auxiliary materials.
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2. Duplicating inks; in  ad d itio n  to conventional ( e.g . hectographic and carbon) inks,, 
m ateria ls o f  chemical copying sy stem s (self-copying paper se ts) , therm al copying papers, and  
th e  in k s o f  electrostatic (e.g. x ero x ) copying.

3. Pigments, dyestuffs. N u m erous mono- and p olyazo , phthalocyanine, indoline, m eta l 
com p lex  and other colouring su b stan ces, fluorescent m ateria ls (m ain ly  pigments), to be used  
in  lacquers, printing inks, te x tile  printing dyes, or for th e  colouring of plastics (РУС, p o ly 
am ide, cellulose esters and e th ers, etc.).

4. Inks o f jet prin ting  (p r in tin g  w ith an ink jet d e flected  b y  electrical or m agnetic field ) 
on non-adsorbent surfaces (on  p la stic s , glass, metal too); preparation  of magnetic p igm ents  
su itab le  for this purpose; nozzle  c lean ing  w ith ultrasound.

5. R adiation curable inks, prim arily binding m ateria ls, polym erization photoinitiators 
o f  U V -curing inks, electric c o n d u ctiv e  inks of this type, su itab le  for the manufacture of printed  
circu its.

6. Textile p rin tin g : pr in ting  dyestu ffs, thickeners, m arking inks, finishing processes and  
m ateria ls. The chapter deals in  d eta il w ith  the inks for therm al transfer printing, in spreading  
use.

7. The chapter “ Specia lty  in k s  and applications”  covers therm ochrom ic dyes (particularly  
on  liq u id  crystal basis), ba il-p o in t pen inks, m arking pen  in k s, electrical resistor inks and  
other problem s of application tech n iques, of which e.g. a p lasticsantifoam ing printing ink  is  
recom m ended for use in  the m anu factu re of embossed p lastics floor and wall tiles.

8. Company Index, Inventor Index  and the list o f  p a ten ts  according to registration nu m 
ber close the volume.

The book contains th e  c ited  patents in an edited form .
T his form offers m ore th a n  an  abridgement, because it  discusses all the essential con

ten ts  o f  th e  patents, enum erates m aterials used, form ulations and  operations, but at the sam e  
tim e does not simply quote th e  t e x t  o f the patent. It is to  th e  advantage of the book th a t the  
author deliberately om its th e  com plicated  language, generally  characteristic of patents and  
ju stified  primarily from the asp ect o f  patent rights, as w ell as th e  perpetual repetitions in  the  
Claim s. T hus, the edited form  is easier to survey and understand  than  the original patent.

T he author does not qu alify  th e  patents and does n o t ta k e  stands concerning their rea
liza b ility .

T he book summarizes tech n ica l problems that arose in  recent years in this field  and  
their a lternative solutions, m ak ing  th u s possible a retrospective assessm ent, and w ith a rela
tiv e ly  short delay the survey o f  present status; it  m ay g ive insp iration , and can be used as a 
concentrated  source for n o v e lty  investigation , naturally o n ly  w ith  respect to the USA.

T he book gives useful in form ation  to specialists engaged  in  applied research and tech n o
log ica l developm ent, in the relev a n t industrial branches.

J. H a l a b r i n

M. W . R a n n e y : Oil S ha le  a n d  T ar Sands Technology  (R ecen t D evelopm en ts)

Pp. 429., N o y es D a ta  Corp., Park Ridge, N ew  Jersey, 1979

Technologies, granted p a te n t protection in the U .S .A ., betw een March 1975 and D e
cem ber 1978, for the processing o f oil shales and tar sands are presented  in this book, w ith m any  
deta ils and in a manner w ell su ited  for the expert reader. N early  all the technologies dealt w ith  
here h a v e  the recovery of flu id  en erg y  carriers, of hydrocarbons, as their purpose. The profes
sional and economical significance o f  th is book can he jud ged  b y  som e data there pointed o u t, 
viz . th a t mineral oil recoverable from  the shale deposits d e tected  up to now is estim ated at  
27 X  109 tons (19 X 109 of th is in  th e  U .S.A .), and, essen tia lly  bitum inous, heavy oils in  tar  
sands m ay  amount to 3.6 X  1012 to n s in the U.S.A. and to  13 X  1012 tons in Canadian deposits. 
Thus th e  importance of an econ om ica lly  and technologically e ffic ien t recovery cannot be over
em phasized .

This book sorts out the re lev a n t patent specifications in  fiv e  groups. The first three deal, 
resp ectively , with the d istilla tion  o f  shales ex situ, i.e. quarried and removed from deposits; 
w ith  r eco v e iy  of hydrocarbons from  shale deposits in situ , i.e. processing without m ining oper
ations; and with refinery and pu rification  of the crudes and gases thus produced. Two chapters 
deal w ith  tar sand processing: in  one the in situ technologies are collected, i.e. flooding w ith  
h ot w ater, extraction w ith  so lv en ts , com bustion in situ. T he fin a l chapter contains separation  
tech niques applied to sands ex s itu .
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The presentation of the specifications is su ffic ien tly  detailed; understanding is facilitated  
b y  m eans of drawings and flow -charts. This hook offers technological inform ation th a t cannot 
be found in professional journals or in scientific m onographs. The tim eliness o f  the publication  
o f th is book happens to be em phasized also by the fact that noteworthy deposits o f  oil shale 
have been detected in H ungary.

J. TÓTH

F . R o s e n b e r g e r : F u n d a m en ta ls  o f  Crystal Growth I

M acroscopic Equilibrium  and Transport Concepts Springer Series in Solid-State Sciences, Yol. 5 
Springer-Verlag, B erlin—H eidelberg—N ew  York, 1979, 530 pages

The intention of the Author is to give a three-volum e foundation to the interdisciplinary  
field  of crystal growth. R ecently  crystal grow th has acquired autonom y and covers a broad 
spectrum  of knowledge from solid state  physics and chem istry, therm odynam ics, statistical 
m echanics, surface physics and chem istry, analytical and preparative chem istry, flu id  dynam ics, 
crystallography, electrochem istry and technology. Owing to the d ifficult accessib ility  of 
facts scattered over a wide field , this interdisciplinary science raises m any d ifficu lties for 
both  professors and students. Based upon his abundant experience in teach ing th is subject, 
and in growing crystals, the Author a ttem p ts a balanced presentation o f know ledge needed 
for the control of crystal growth processes.

In the present first volum e essentially  the physico-chem ical foundations are la id  in  five 
chapters, viz. 1. Therm odynam ics, 2. Phase equilibria and phase diagrams, 3. Crystal growth  
and phase diagrams. 4. Mass and heat transfer, 5. Segregation.

The subject m atter for the chapters is chosen w ith  the discernment o f  the experienced  
crystal grower w ith due care for the un ity  o f theory and practice. Problems to be so lved  by the 
reader are given at the end of each chapter, together w ith  ample reference to  the literature.

The second volum e, being prepared, intends to discuss the kinetics and m orphology of 
crystal growth together w ith theoretical considerations and models pertinent to  th is topic.

In the third volum e a presentation of the techniques of crystal grow th is p lanned. The 
possibilities offered by various techniques forcing the expert to make a com prom ise will be 
discussed.

The approach evident in the first volum e is up-to-date indeed. The A uthor endeavours 
to la y  the foundation for the understanding of every process during crystal grow th, therefore, 
various transport phenom ena, and phase diagram s describing the behaviour o f  several sub
stances are discussed in detail. D istinct and clear definitions are attem pted w ith  success, often  
discrepancies in interpretations in  earlier literature are pointed out. The m ultitude o f  drawings 
and photographs, the logical deduction o f equations and accurate cross-references m ake this 
book easily readable and m ost valuable.

It is felt that these three volum es, o f which the first is available, will becom e a standard  
work for experts active in the practice o f crystal growth as well as for professional teaching  
personnel.

R. V o s z k a

A da Chim. Acad. Sei. H ung. 106, 198Г
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NEW DATA TO THE MECHANISMS 
OF THE PERKOW-ARBUZOV REACTION

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

L. T ő k e*, I. P etneházy  and Gy . Szakál

(Department o f  Organic Chemical Technology, Technical U niversity, B udapest) 

Received September 25, 1980 

A ccepted for publication October 28, 1980

T he reactions o f tr ia lk y l ph o sp h ite  w ith  a -h a lo g en o ace to p h en o n es are 
know n to  involve tw o  p a th w a y s , re su ltin g  in  o x o -p h o sp h o n a tes  an d  v iny l 
p h o sp h a tes . In  sp ite  o f  num ero u s efforts, th e  m echan ism  o f th e  reac tio n s has 
n o t  been  fu lly  e lu c id a ted  [1 6 ].

On th e  hasis o f th e  k in e tic  d a ta  g a th ered  in th e se  reac tio n s  we cam e to  th e  
conclusion th a t  th e re  shou ld  he only one in te rm e d ia te  com m on for b o th  th e  
k e to p h o sp o n a te  an d  v in y l p h o sp h a te  d irections [7].

N ow  we p re se n t a series o f crossover ex p e rim en ts  show ing  th a t  i t  is th e  
p h o sphon ium  sa lt Q + X  th a t  is form ed in  th e  re a c tio n  o f tr im e th y l  phos
p h ite  w ith  a -b ro m o ace to p h en o n e  (Schem e 1).

In  th e  m ix tu re  o f  a ch lo roacetophenone an d  a b ro m o ace to p h en o n e , th e  
la t te r  be ing  s u b s titu te d  in  th e  a rom atic  ring  in  a n o th e r  w ay  th a n  th e  form er, 
th e  ra tio  of th e  v in y l p h o sp h a te s  and  k e to p h o sp h o n a te s  is d iffe ren t from  th e  
m a th e m a tic a l sum s o f th e  q u a n titie s  o b ta in ed  in th e  reac tio n s o f each  halo- 
genoacetophenones w ith  tr im e th y l p h o sp h ite  (T ables I  an d  I I ) . T he d irec tion  
o f  th e  changes is such  as if  th e  b rom oketone  o b ta in a b le  from  th e  ch lo roketone  
b y  halogen exchange a n d , conversely , th e  ch lo ro k e to n e  fo rm ed  from  th e  b ro 
m oketone by  sim ilar exch an g e  h ad  also been p re se n t in  th e  re a c tio n  m ix tu re .

T he reactions w ere ru n  a t  70°C w ith  an excess o f  tr im e th y l p h o sp h ite  
u sing  2.5 mm oles o f th e  halogenoacetophenones in  each  ex p e rim en t. A nalyses 
w ere m ade by GLC [7]. T h e  e x te n t of th e  exchange reac tio n  w as ca lcu la ted  and 
show n in th e  T ables.

As th e  p o ssib ility  o f  a halogen exchange b e tw een  a -h a lo g en a ted  ace to p h e
nones in  th e  absence o f  tr im e th y l p h o sph ite  w as excluded  b y  se p a ra te  ex p eri
m en ts , th e  resu lt can  only** he exp lained  by  su p p osing  an  ion exchange reac tio n

* To whom correspondence should be addressed.
**T he existence of the halophosphonium -enolate ion pair interm ediate [7] is question

able, since no appreciable am ount of dehalogenation of a-halogenoacetophenones can be ob
served during the Arbuzov — Perkow reaction even in the presence of an acid ca ta lyst [5].
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Table I

S ta r t in g
c o m p d .

P ro d u c ts .
m m ole

3« 2a 3b 2b 3a j 2b

C rossed  
rea c tio n , 

in  m m o le ,
%

i n  b e n z e n e
5 a 2 . 5 0 1 .3 3 — — 2 .4 4

4 a 0 1 .1 7 — — 0 .0 6 0 . 1 3

5 b — ---  j 2 . 5 0 0 . 9 3 1 .0 1 5

4 b — — 0 1 .5 7 1 .4 9
i n  c h l o r o b e n z e n e

5 a 2 . 5 0 1 .0 0 — — 2 .3 8

4 a 0 1 .5 0 — — 0 .1 2 0 . 2 0

5 b — ---- 1 2 . 5 0 0 . 6 3 0 . 7 8 8

4 b — — 0 1 .8 7 1 .7 2

i n  a c e t o n i t r i l e
5 a 2 . 4 4 0 . 6 6  1 — — 1 .9 7

4 a 0 . 0 6 1 .8 4 — — 0 .5 3 0 . 5 8

5 b — — 2 .4 1 0 .3 1 0 .8 1 2 3

4 b — — 0 . 0 9 2 . 1 9 1 .6 9
i n  n i t r o b e n z e n e

5 a 2 .4 1 0 . 4 3 — — 1 .8 1

4 a 0 . 0 9 2 .0 7 — — 0 .6 8 0 . 7 0

5I> _ ---- ! 2 . 3 8 0 . 2 7 0 .8 5 2 8

4 b — 0 . 1 2 2 . 2 3 1 .6 5

Table II

S ta r t in g
co m p d .

P ro d u c ts ,
m m ole

3a 2a 3c 2c 2a - f  3c
Crossed 

r . ,  in 
m m ole

%

2c 1 3a

C rossed 
r .  in  

m m ole,
%

in  benzene
5a 2.50 1.33 — 1.40 2.44
4a 0 1.17 — 1.10 0.16 0.06 0.13
5c 2.50 1.60 2.44 6 1.65 5
4c — 0 0.90 0.06 0.85

in chlorobenzene
5a 2.50 1.00 — 1.10 2.38
4a 0 1.50 — 1.40 0.18 0.12 0.19
5c — 2.50 1.38 2.42 7 1.46 8
4c _ 0 1.12 0.08 1.04

in acetonitrile
5a 2.44 0.72 — 1.20 2.00
4a 0.06 1.78 — 1.30 0.66 0.50 0.65
5c _ 2.47 0.90 2.05 26 1.32 26
4c — 0.03 1.60 0.45 1.18

in nitrobenzene
5a 2.41 0.70 — 1.21 1.95
4a 0.09 1.80 — 1.29 0.70 0.55 0.67
5c _ 2.45 0.88 2.00 28 1.30 27
4 c 0.05 1.62 0.50 1.20

1* Acta Chim. Acad. Sei, Hung. 106, 1981
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b etw een  ionic halogen of th e  phosponium  brom ide and the chloroacetophenone  
sta r tin g  m aterial (Scheme 2 for the reaction betw een  the salt from 2b and 3a).

T he exten t of the exchange reaction depends on the solvent p o larity  and 
tem perature, and it  can be as high as 28%  in nitrobenzene at 70°C.

T he m echanism  o f th e  exchange reaction show n in Scheme 2 has also been  
su b stan tia ted  b y  the data obtained in exchange reactions betw een lipophylized  
chloride or bromide ion (using triethylbenzylam m onium  chloride, T E B A C , or 
tetrabutylam m onium  brom ide, T B A B) and oc-bromo- and a-chloroacetophe- 
n on es, respectively  (Schem e 3).

Scheme 3

The exchange reactions in  benzene at am bient temperature are faster b y  
ab ou t tw o orders o f m agnitude (fcf 5 dm 3m ol-1s -1 ; k r я; 5 x 1 0  3 
dm 3m o l-1 s -1 ) than the rate o f the Perkow -A rbuzov reaction (к  =  1.8 X lO -5 
dm 3m oi xs - x) w ith the sam e halogenacetophenones and an equilibrium  ( К  я; 
«  103) is attained.

I t  is im portant to n ote  th at in the A rbuzov-type reaction o f phosphites  
w ith  halogens M i c h a l s k i  et  a l .  succeeded in confirm ing the existence o f  halo- 
genophosphonium  salt interm ediates [8].

31P-N M R  m easurem ent at am bient tem perature to check th e  charged  
in term ed iate have rem ained unsuccessful, probably owing to the low  concen
tra tion  o f the interm ediate.

A  num ber of experim ents were also m ade in acetonitrile at 70°C to  
stu d y  th e  effect o f the added nucleophile on the product ratio (measured after a 
fourhour reaction tim e, T able III).

Table III

R e a c t io n  I A d d e d  s a l t  P r o d u c t s  m o le ,  P r o d u c t  r a t i o  D e a lk y la t i o n
m o le , % °'o 5 : 4 m o le ,

29 71 0,41 0
2c +  1 TEBAC 40 5c 14 4c 36 0.67 40

TBAB 40 13 47 0.28 40

98 2 49 0
3a +  1 TEBAC 40 5a 58 4a 2 29 40

TBAB 40 38 2 2 1.7 40
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It can be seen from Table III  th a t the added ion other than  th e  lea v in g  
ion in the halogenoacetophenone does influence the product ratio. The aim  o f  
find ing  connection betw een the n u cleoph ilic ity  o f the added anion and th e  
direction of the decom position of Q + has not been reached, how ever, because  
o f at least two com plicating factors: there are fast exchange reactions betw een  
the halogeno-acetophenones and the added ions and, on the effect o f th e  added  
sa lt, b oth  products undergo decom position  to give dealkylated product w ith  
rates different from each other.

Moreover, Table III  shows th a t a q u antitative dealkylation o f th e  prod
ucts occurs which, at the same tim e , com prises a new m ethod o f preparing  
acids from phosphonic or phosphoric acid esters [9].

The authors thank Prof. Louis Q u i n , D uke U niversity Durham , for running a  series o f  
3lP-N M R  m easurem ents.
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A convenient synthesis o f Ar-/)-phenethyl-1.2,3,4-tetrahydroisoquinoline alkaloids 
is described. Condensation of the bromo esters I a —b w ith /9-phene thy la m ines II a —c 
afforded the iV-/?-phenethyl-3-isoquinolones III a —c. Lithium  alum inium  hydride 
reduction o f the isoquinolones III a —c in refluxing tetrahydrofuran gave su bstitu ted  
,Y-/9-phenethyl-1.2.3.4-tet rah yd ro iso quinolines IV a —c.

R ecen tly  we have reported new to ta l syntheses of tetrahydroisoquinoline  
[2, 3], iV-benzyltetrahydroisoquinoline [4, 5 ], tetrahydroprotoberberine [6, 7, 8] 
and hexadehydroyohim bane [9] alkaloids m aking efficient use o f 3-isochrom a- 
nones. In the course o f our further experim ents on isoquinoline alkaloids, we 
have achieved a new, convenient, tw o step reaction sequence for th e  synthesis  
o f  IY-/3-phenethyl-l,2,3,4-tetrahydroisoquinolines starting from read ily  ava il
able 3-isochrom anones. These results are reported in this paper.

The required bromo esters la, b [2 — 5, 7 — 9] were prepared from  3-iso
chrom anones [10, 11]; they  were then condensed w ith  the /S-phenethylam ines 
I la —c to  afford the tricyclic lactam s I lia —c which were reduced w ith  lith ium  
alum inium  hydride to the corresponding iV-/?-phenethyltetrahydroisoquinolines 
IVa—c (Schem e 1).

Experimental

A ll m.p. ’s are uncorrected and were recorded in  open capillaries on a ‘T oshniw al’ m .p. 
apparatus. IR  spectra were recorded on a JASCO m odel IR -S spectrophotom eter. N M R  
spectra were obtained on a Thom pson Packard (T PV  60) spectrom eter using TMS as the 
internal standard. Mass spectra were recorded on an A tlas A E I MS 902 spectrom eter at 70 eV.

G eneral procedure fo r th e  p rep ara tio n  of th e  brom o esters

The appropriate substituted 3-isochroinanone was dissolved in ethanolic  hydrogen  
brom ide at 0 —5 °C w ith  constant stirring. After stirring for 30 —45 m in, the m ixture was 
allow ed to  warm to room tem perature and set aside for 24 h. The excess so lvent and reagents 
were th en  rem oved at 5 m m -H g and 20 °C to get the corresponding bromo ester.

* Part IX , See ref. [1]
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IV a : R 1, R- - ОСИ Л)  — ; R  H; К  =  O C H j

IV b ; R 1 = R 2 =  R* =  R ‘ =  ОСНз

IVc : R1, R 2 IО1II

2-(4-M ethoxy-/i-phenethyl)-6,7-irethyleiiedioxy-l,2 ,3 ,4-tetrahydro-3-isoquinolone (III a)

E th y l 2-brom om ethyl-4,5-m ethylenediojgyphenyl aceta te  [8] la  (3.0 g) dissolved in  
d ioxan  (12 m L) containing K 2CO:) (1.5 g) and K I (0.5 g), w as m ixed w ith 4-m ethoxy-/?-phen- 
ethylam in e  II a (1.50 g) d isso lved  in  dioxan (16 m L). The m ixture was refluxed on a water  
b a th  for 60 h. After the reaction m ixture had cooled, d ioxan  w as distilled off at reduced pres
sure and the residue extracted  w ith  CHC13 and the organic layer washed w ith 6N  HC1, three 
tim es w ith  water and dried (N a2S 0 4). R em oval o f the so lven t in vacuum  left a dark red syrup  
w hich w as crystallized from  MeOH to give III a (2.75 g; 84% ), m .p. 155 — 160 °C.

IR  (N ujol) : 1620 (six-m em bered lactam ), 1520, 1490, 1380, 1270, 1190, 1045, 840, 
730 c m “ 1.

Mass spectrum  (m/e) : 325 (M + ), 324, 309, 281, 277, 267, 266, 215, 192, 191, 179, 167, 
163, 149, 147, 135 (base), 121, 107, 91, 57, etc.

Ci9H iaQ,N (325). Calcd. C 70.02; H 5.8; N 4.30. Found C 69.7; H 5.34; N 4.62% .
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i V - ( 4 - M e t h o x y - / ? - p h e n e t h y l ) - 6 , 7 - m e t h y l e i i e d i o x y - l , 2 , 3 , 4 - t c t r a h y d r o Í 8 o q i i i i i o l i i i e  ( I V  a )

To a suspension of LAH. (3.20 g) in T H F  (20 m L), a solution of the above isoquinolone  
(1.6 g) dissolved in T H F  (12 m L) was added in portions over 30 min, w ith stirring and cooling 
in an ice bath. The m ixture was then refluxed on a water bath for 6 h. After cooling, the m ixture 
was diluted w ith an excess o f water and the gel w hich formed was separated by decantation . 
The solution thus obtained was then repeatedly extracted  with EtOAc, the e x tra c t washed 
w ith  water and dried. The solvent was rem oved under reduced pressure to give the isoquinoline  
I V  a  as a powder; after recrystallization from  CHC13, the product was 1.00 g (60% ), m.p. 
92 °C.

IR  (Nujol): 1600, 1360, 840 c m “ 1.
Mass spectrum  (m/e): 313 (JVi+ ), 314 ( M  -|- 1)+ .
Cl9H.,30 3N  (313). Calcd. C 72.9; H 7.3; N 4.33. Found C 72.81; H 7.41; N  4.33% .

j ' V - ( 3 , 4 - D i r o e t h o x y - / ? - p h e n e t h y l ) - 6 , 7 - d i m e t h o x y - l , 2 , 3 , 4 - t e t r a h y d r o - 3 - i s o q u i n o l o u e  ( I I I  b )

E thyl 2-brom om ethyl-4,5-dim ethoxyphenyl acetate [3] (I b )  (2.93 g) d isso lved  in dioxan  
(20 m L) containing K 2C 0 3 (1 g) and K1 (0.3 g), was condensed with 3,4-dim ethoxy-/9-phenethyl- 
am ine I I  b  (1.80 g) dissolved in dioxan (30 m L). The m ixture was refluxed at 100 °C for 74h 
and cooled. The dioxan was evaporated under reduced pressure and the m ixture d iluted with 
water. Extraction w ith CHC13, washing w ith  6iV IICl, then with water, drying (N a 2SO,) and 
evaporation of the solvent gave a syrup w hich was crystallized from M eO H -hexane to obtain  
( I I I  b )  as a light brown powder, 3.10 g (81.1% ), m .p. 9 2 - 9 5  °C.

IR  (CHC1.,): 1640 c m -1 (six-m em bered lactam ).
NM R (CDCl3)ó: 3.66 - 4 .1 6  (broad, 18H ); 6.66 - 6 .8 8  (m, 411); 7.30 (s, 1H ).
Mass spectrum  (m/e): 371 (M + ), 372 (M  +  1)+ , 352, 330, 326, 235, 224. 206, 170, 182, 

165 (base), 164, 152, 150, 135, 129, 107, 91, 79, 66, 51.
C2]H ,60 5N (371). Calcd. C 67.8; H 6.6; О 21.5. Found C 67.72; H 6.61; О 21.23% .

, \ - ( 3 . t - !iiiucthnxy-/i-phenethvl) -6.7-<limethoxv-1.2.3.1-trtrahydroisoquiiiolinr (IV b)

The above isoquinolone (III b) was reduced in refluxing TH F, as above, to  afford IV b 
in  71%  yield; m .p. 8 2 - 8 9  °C (CHC13); R ,  0.44 (CHC13).

C.21H ,70 4N (357). Calcd. C 70.5; H. 7.5; N 3.8. Found C 70.2; H 7.69; N 3.72% .
The hydrochloride had m .p. 124 — 130 °C.
C21H2JN 0 4C1 (389.5). Calcd. C 64.69; H 6.16; N 3.59; Cl 9.11. Found C 64.72; H 6.11; 

N  3.64; Cl 9.00% .

J V - ( 3 ,4 - M e t h y l e n e < l i o x y - / ? - p h e n e t h y l ) - 6 , 7 - m e t h y l e n e d i o x y - 1 , 2 , 3 , 4 - t e t r a h y d r o - 3 - i s o q u i n o l o n e
( I I I  c )

To a well stirred solution of ethyl 2-brom om ethyl-4 ,5-m ethylenedioxyphenylacetate [8] 
( I  a )  (150 mg) in DM F (5 m L) containing Et.,N  (0.5 m L) there was added 3,4-m ethylenedioxy-/3- 
-phenethylam ine ( I I  c) (280 m g). The m ixture w as ref'uxed at 100 °C for 60 h. The cooled 
solution was diluted w ith water and ex tracted  w ith  CHC13 (30 mL). The CHC1-, extract was 
washed w ith dilute HC1 (10 mL), water (40 m L), dried (N a2S0,,) and the so lv en t evaporated to 
leave a gum m y material. Crystallization from  CHCl3 gave I V  c (230 mg; 68% ), m .p . 140 — 142 °C; 
R ,  0.79 (E tO Il).

IR  (Nujol): 1610, 1480, 1420, 1330, 1100, 940, 830, 735 cm " 1.
C19H 170 5N (339). Calcd. C 66.86; H  5.57; N 4.10. Found C 66.91; H 5 .60; N  4.17% .

i V - ( 3 , 4 - M e t h y l e n e d i o x y - / í - p h e n e t h y l ) - 6 , 7 - m e t h y l e n c d i o x y - l , 2 , 3 , 4 - t c t r a h y d r o Í 9 o q u i n o l i n e  ( I V  c )

The above isoquinolone ( I I I  c) was reduced in refluxing TH F w ith  L A H  to  afford I V  c 
in  65%  yield, m .p. 146 —149 °C (dec.).

C19H 19N 0 4 (315). Calcd. C 70.15; H 5.84; N 4.30. Found C 70.25; H  5.92; N  4.12% .

* •
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STUDY OF THE TRANSFORMATIONS OF DIOLS 
AND CYCLIC ETHERS, XLVII*

TRA NSFO RM ATIO N OF 1 ,3-B U T A N E D IO L  ON SOME S U P P O R T E D  M ETAL  
CATALYSTS (N E W  DA TA ON T H E  M ECHANISM  OF D E H Y D R A T IO N )
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The dehydration o f 1,3-butanediol was studied on supported A g, Co and Cu 
catalysts. The differences betw een the effects o f these cata lysts were interpreted. 
Interm ediates o f the transform ations were detected , which provide new  support for 
the reaction m echanism  proposed earlier. Correlations were established betw een the 
selectivites o f the reactions, the m ass v e loc ity  and the tem perature.

Introduction

D eta iled  accoun ts w ere g iven  p rev io u sly  o f th e  resu lts  o f re sea rch  in to  
th e  d irec tions [1 — 3], th e  s te reo ch em is try  [4 — 6] an d  th e  m ech an ism s [7, 8 ] 
o f  th e  d eh y d ra tio n  of diols w ith  v a rious s tru c tu re s  on ce rta in  m e ta ls , m ain ly  
copper. O n th a t  basis, th e  schem e o f tra n sfo rm a tio n  o f  1 ,3 -b u tan ed io l (I) 
can  be o u tlined  as in  F ig . 1. T he in itia l s tep  is d eh y d ro g en a tio n , w h ich  is fol
low ed b y  th e  d ea ldo liza tion  o f  th e  in te rm e d ia te  h y d ro x y -o x o  com pounds 
(П  a n d  III) (the  fo rm atio n  o f  IV or VIII an d  IX), and  d e h y d ra tio n  ( th e  fo rm a
tio n  o f  V or X). The th ird  re a c tio n  s tep  is th e  h y d ro g en a tio n  o f  th e  u n sa tu ra te d  
com pounds. The en d -p ro d u c ts  are  2 -b u tan o n e  (VI), b u tá n á l (XI), 2-bu tano l 
(VII), 1-bu tano l (XII), e th a n o l (IX), ace tone  (IV) and  a c e ta ld e h y d e  (VIII).

T he v a lid ity  o f th e  o u tlin ed  processes w as confirm ed on Cu, C u /S i0 2 and 
R a n e y -ty p e  Cu c a ta ly s ts  [3, 7, 8 ]. O ur in v estig a tio n s w ith  a su p p o r te d  p la ti
n u m  c a ta ly s t [2] an d  on v a rio u s R an ey  c a ta ly s ts  [9, 10] show ed  a sim ilar 
p ic tu re .

T he sub jec t o f th e  p re se n t s tud ies w as th e  tra n sfo rm a tio n  o f  1 ,3 -b u tan e
diol on  ce rta in  su p p o rted  m e ta l c a ta ly s ts , an d  th e  dependence  o f  th e  tr a n s 
fo rm atio n s on th e  m ass v e lo c ity  an d  te m p e ra tu re , w ith  a v iew  to  ob ta in in g  
new  d a ta  in  su p p o rt o f th e  ab o v e  m echan ism , an d  to  generaliz ing  th is  m echa
n ism  to  o th e r m e ta l c a ta ly s ts . A c a ta ly s t  w hich, u n d er su ita b le  cond itions, 
se lec tive ly  converts  1 ,3 -b u tan ed io l to  2 -b u tan o n e  w ould p e rm it a new  ty p e  of 
p re p a ra tio n  o f th e  la t te r  co m p o u n d . T he in v estig a tio n s in c lu d ed  com m ercially  
av a ilab le  in d u str ia l c a ta ly s ts .

* Part XLV I: J. Catal. 63, 364 (1980)
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Experim ental

Catalysts

Co-KG  (KG Merck Kieselguhr w ith  a particle size of 2 x l 0 -4 — 3 x l 0 ~ 4 m): The 
support was suspended in Co(NO;,)., solution , evaporated to dryness under co n sta n t stirring, 
and then heated in a tube reactor at 573 К  for 4 h in a stream  of air. It was n ex t reduced in a 
stream  of hydrogen w ith a rate of 5 X 1 0 -7 m 3 s _ l at 473 and 573 К for 1 h, and th en  at 673 К  
for 4 h. The m etal content of the ca ta lyst was 20% .

Cu-KG  1: The support was suspended in C u (N 0 3)2 solution and evaporated  to dryness 
under constant stirring. After decom position (673 K , 4 h), reduction was perform ed in a hydro
gen stream  of 5 x  1 0 -7 m 3 s -1 at 423, 473, 523 and 553 K, for 1 h at each tem perature. The 
m etal content of the catalyst was 5% .

C u-K G  2, Cu-COS4 Ag-COS  (COS =  B D H  Cab-O-Sil M5 support): These ca ta ly sts  were 
prepared as in Ref. [111. In the case o f Cu-KG 2 and Ag-COS, the m etal hyd roxid e or oxide 
was precipitated onto the support w ith  N aO II so lution , while in the case o f Cu-COS a solution 
o f N il,O H  was used. A ctivation was carried out as described for Cu-KG 1. In all three cases 
the m etal content o f the catalyst was 20% .

C u0/Z n0/C r.,03: Leuna catalyst L-1930, w ith  a copper content o f 38% .
CuO/ZnO/Al^O3: Leuna catalyst L-1950, w ith  a copper content o f 24% . R oth  Leuna 

cata lysts were activated as described for Cu-KG 1.

Investigation m ethods

The investigations were performed w ith the apparatus described p rev iou sly  [12].
Products were analyzed w ith a Chrom 41 gas chromatograph, w ith  the app lication  of a 

flam e ionization detector, on 2.4 m colum ns, w ith  nitrogen as carrier gas. T he analytical 
conditions and the retention tim es are listed  in Table I.

The 1,3-butanediol used in the study  was a product of BDH. It was purified by fraction
ation , and was gas-chrom atographically pure.

Table I

Chromatographic analysis data

Retentior Compound time ^

Partition liquid:
15% CWAX 1500* I 228

Carrier gas rate: и 102
1 X 10~6 m 3 s ' 1 h i 66

Temperature: 453 К

IV 234

Partition liquid: V 540
15% diphenylformamide* VI 432

VII 672

Carrier gas rate: VIII 120
7.5 X 10_7 in3 s ~ l IX 252

Temperature: 338 К X 1210
XI 366
XII 1083

* Solid support: silanized Merck Kieselguhr w ith a particle size o f 2 x 10 4 — 3x 10 4 m
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Table II

Product composition (mol % ) from  the catalytic transformation o f  1,3-butanediol (I)

COto

Expt. Catalyst Temp.
(K)

Mass
velocity*

Conversion
(%)

Mol percent of compounds formed
II III IV V VI VII vni IX X XI XII Unidentified

l Cu-KG 1 498 4 93 0 0 3 0 31 . 11 29 0 19 6 l  (l)**
2 Cu-KG 2 483 31 90 0 0 4 6 39 0 14 20 0 11 6 0
3 Co-KG 523 31 92 0 0 8 0 26 0 40 14 0 12 0 0
4 Cu-COS 484 36 98 0 0 4 0 47 0 16 14 4 7 8 0
5 Ag-COS 476 50 42 0 0 4 0 32 2 21 16 0 15 0 10 (2)
6 L-1930 503 64 100 21 1 7 6 29 0 12 10 0 9 5 0
7 L-1950 498 4 100 0 0 2 0 49 4 4 23 0 8 10 0

8 550 78 19 0 8 5 31 0 13 9 0 10 5 0
9 300 100 2 2 12 0 49 0 14 9 0 9 3 0

10 L-1930 523 130 100 14 2 11 0 39 0 12 9 0 9 4 0
11 120 100 10 2 12 0 39 0 14 9 0 10 4 0
12 80 100 13 2 12 0 38 0 13 9 0 8 5 0

13 640 69 21 0 7 6 30 0 11 10 0 9 6 0
14 503 330 97 11 0 9 5 33 0 14 10 0 11 7 0
15 -L i" JL y ö \ J 160 99 12 1 4 4 37 0 12 11 0 12 7 0
16 80 100 14 1 7 5 35 0 12 11 0 11 4 0

17 473 16 100 0 0 6 0 50 0 5 14 0 9 16 0
18 498 4 100 0 0 9 0 51 4 5 14 0 7 10 0
19 523 4 100 0 0 12 0 51 4 6 13 0 7 7 0
20 548 4 100 0 0 16 0 53 3 5 11 0 3 4 5 (1)

21 473 4 100 0 0 2 0 43 1 7 24 0 9 14 0
22 498 4 100 0 0 2 0 49 4 4 23 0 8 10 0
23 523 4 100 0 0 5 0 45 3 8 27 0 4 3 5 (1)
24 548 4 100 0 0 15 0 42 3 10 23 0 3 0 4 (1)

* units: kgdiol k g a t s - 1 10~5
** the numbers in parantheses are the numbers of unidentified compounds
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Results an d  D iscussion

T h e  ch a rac te ris tic  exp erim en ta l re su lts  a re  to  be seen in  T ab le  I I .  T h e  
tra n sfo rm a tio n s  occu rrin g  u n d er v a rio u s  co n d itio n s on th e  d iffe ren t c a ta ly s ts  
w ere com pared  on th e  basis o f th e  se lec tiv itie s  show n in T ab les I I I —У . T h e  
fo llow ing  conclusions m ay  be d raw n from  th e  exp erim en ta l d a ta :

Table III
Selectivity o f transformation o f  I  on various catalysis

Expt. Catulyst Temp.
(K )

Mass
velocity*

Conversion
(% ) P c f Pd

Selectivitie

Sc, + Sjj

(%)

Sn p s

l Cu-KG 1 498 4 93 31 25 39 4 56 43

2 Cu-KG 2 483 31 90 20 21 54 5 41 59

3 Co-KG 523 31 92 16 37 36 11 53 47

4 Cu-COS 484 36 98 22 18 55 5 40 60

5 Ag-COS 476 50 42 18 23 42 5 4 1 4 7

6 L-1930 503 64 100 17 12 63 8 29 71

7 L-1950 498 4 100 21 15 62 2 3 6 6 4

* For units, see Table II
** P  denotes the selectiv ity  o f products form ed by dehydrogenation at the prim ary hydroxy  
group and S that at the secondary hydroxy group. C4 refers to products w ith the sam e number 
o f carbon atoms as in the starting diol and D  refers to products formed by dealdolization.

[X] +  [XI] +  [XII]
Cl 100

100 -  0.5 [VIII] -  0.5 [IX] '
The other selectivities were calculated in a similar way. P p  refers to 0.5 [VIII] 
IV, P Cl to X +  XI +  X II, SCl to V +  VI +  VII and Sn  to II

0.5 [IX]; S D to

Table IV
Dependence o f  the transformation o f  I on the mass velocity (catalyst: L —1930)

E x p t .
T em p.

(K)
M ass

S electiv ities i%)
v e lo c ity * <%) Pc. Pd Sc, S d % P s

8 5 5 0 7 8 1 7 1 2 4 1 9 2 1 2 9 7 1

9 3 0 0 1 0 0 1 6 1 3 5 5 1 4 2 2 9 7 1

1 0 5 2 3 1 3 0 1 0 0 1 7 1 2 4 4 11 1 6 2 9 7 1

1 1 1 2 0 1 0 0 1 6 1 5 4 4 1 4 1 1 3 1 6 9

1 2 8 0 1 0 0 1 5 1 4 4 2 1 4 1 5 2 9 7 1

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

1 4
5 0 3

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

1 5 1 6 0 9 9 2 1 1 3 4 7 5 1 4 3 4 6 6

1 6 8 0

Оо•-H 1 7 1 3 4 6 8 1 6 3 0 7 0

* For units, see Table II

Acla Chim. Acad. Sei. H ung. 106, 1981



194 MOLNÁR et al.: TRANSFORMATION OF 1,3-BUTANEDlOL

(1) E ssen tia lly  th e  sam e processes ta k e  p lace  on th e  ca ta ly sts  ex am in ed . 
I t  also proved possib le  to  d e tec t in te rm ed ia te s  o f  th e  tran sfo rm atio n s (II, III, 
У a n d  X, see T ab le  I I ) .  T h ese  d a ta  are in  acco rd an ce  w ith  th e  m echanism  p ro v ed  
e a r lie r  for the  tra n s fo rm a tio n  of I [7, 8 ], a n d  a t  th e  sam e tim e m ean  th e  gen
e ra liz a tio n  of th is  m ech an ism  to  a group o f s u p p o r te d  m eta l c a ta ly sts .

(2) The L euna  c a ta ly s ts  proved m ore se lec tive  as regards (a) d e h y d ro 
g en a tio n  of th e  se c o n d a ry  h y d ro x y  group; (b) conversion  of II and  III to  p ro d 
u c ts  con ta in ing  fo u r c a rb o n  atom s (SCi, P C4; see T ab le  I I I ) ;  (c) re d u c tio n  of 
th e  oxo com pounds fo rm e d  to  alcohols (see V I/V II, V III/IX  and  X I/X II in  
T a b le  II) .

F o r th e  in te rp re ta t io n  of (2a), it  m u st be ta k e n  in to  considera tion  th a t ,  
u n d e r  th e  e x p e rim e n ta l cond itions em ployed , th e  d irec t ca ta ly tic  d eh y d ro -

Table V
Tem perature dependence o f the transform ation o f  I

E x p t . C ata ly st
T e m p . M ass Conversion

Seiec tiv ities (% )

(K ) v e lo c ity * (%)
P c . P d S C, Sd P s

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

1 8
L - 1 9 3 0

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

1 9 5 2 3 4 1 0 0 1 5 и 6 1 1 3 2 6 7 4

2 0 5 4 8 4 1 0 0 8 8 6 1 1 7 1 6 7 8

2 1 4 7 3 4 1 0 0 2 7 1 8 5 3 2 4 5 5 5

2 2
L - 1 9 5 0

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

2 3 5 2 3 4 l o o 9 2 1 5 8 6 3 0 6 4

2 4 5 4 8 4 1 0 0 4 2 0 5 4 1 8 2 4 7 2

* For units, see Table II

g e n a tio n  of th e  h y d ro x y  g ro u p s  is accom pan ied  b y  h y d ro g en  tran sfe r reac tio n s  
[8 , 13, 14] (Fig. 2). T h e  d o n o r or acceptor m olecules ta k in g  p a r t  in th e  h y d ro g en  
tr a n s f e r  processes m u s t be adsorbed  on ac tiv e  sites o f th e  ca ta ly s t t h a t  are  
c lose  to  one a n o th e r, w h ich  assum es a s te rica lly  crow ded  tran s itio n  com plex

СН з— C'H— CHj— ( 'H - 2

OH OH

O H j-C  — CH=CH». CH3- C H = C H - (

-It. cat.

R—C—If  
О

СНз —С— CH ■>— CH 2
I! I
0  OH

о
/ /

СНз— CH— с н 2— c, 

OH H

F ig . 2. Various modes of dehydrogenation of I. Path a:  hydrogen transfer between unsaturated  
oxo  com pounds and I. Path b: cata lytic  dehydrogenation. P ath  c: hydrogen transfer betw een

oxo compounds and I
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4]. I n  th e  h y d ro g en  tra n s fe r  reaction , th e re fo re , th e  sterically  less h in d e re d  
•im ary h y d ro x y  group m ay  be expected  to  be  th e  m ore reactive, w hile th e  
.rect c a ta ly tic  d eh y d ro g en a tio n  will he fa s te r  in  th e  case of the  seco n d a ry  
ydroxy  g ro u p  th a n  for th e  p rim ary  one [15]. O u r experim en ta l d a ta  also  
юлу t h a t  on  th e  L euna c a ta ly s ts  th e  d ire c t c a ta ly t ic  dehydrogena tion  o f  I 
redom ina tes (S  : P  сы 2 : 1); in  co n tra s t, on  th e  o th e r  ca ta ly sts  th e  h y d ro g en  
•ansfer processes also com e in to  th e  fo reg ro u n d  (S  ; P  ^  1 ; 1 ; see T ab le  I I I ) .

In  co n n ec tio n  w ith  d eh y d ra tio n  (2b), i t  m a y  be  s ta te d  th a t ,  since th e  
electiv ities o f  th e  tran sfo rm a tio n s  p roceed ing  on  tw o  ca ta ly sts  w ith  s tro n g ly

Tabic VI

Surface acidities and basicities o f  silica-supported  
copper catalysts and Leuna catalysis [16]

C a ta ly s t S urface a c id i ty  
(cqu iv . k g ' 1)

S u rface  b asic ity  
(eq tliv . k g - 1)

Cu-KG 2 0.04 0.0

Cu-COS 0.09 0.57

L-1930 0.38 0.16

L-1950 0.25 0.13

d iffering  ac id ities (C u-K G  2, Cu-COS; sec T ab le  V I) are  alm ost th e  sam e, fu n d a 
m e n ta lly  th e  se lec tiv ity  can n o t he a fu n c tio n  o f  th e  acidic sites. A t th e  sam e  
tim e , th e  basic  sites on oxide ca ta ly s ts  are  also  кполуп to  p lay  an  im p o r ta n t  
role in  d e h y d ra tio n  reac tio n s [17 —19]. F ro m  th is  re sp ec t it  is to  be e x p e c te d  
th a t  th e  L eu n a  c a ta ly s ts  луШ ex h ib it h ig h e r d e h y d ra tin g  activ ities, since th e ir  
surfaces a re  m ore basic.

T h e  sh if t in  th e  oxo com pound/a lcoho l ra t io  for th e  end -p ro d u c ts  on  th e  
L euna  c a ta ly s ts  (po in t 2c) m ay  be ex p la in ed  in  t h a t  th e  hydrogen  fo rm e d  in  
th e  d ire c t d e h y d ro g en a tio n  is u tilized  fo r d ire c t c a ta ly tic  h y d ro g en a tio n  o f  th e  
oxo com p o u n d s. ( I t  is know n th a t  h y d ro g en  is ad so rb ed  m uch b e tte r  on  Cr20 3 
or on ZnO  th a n  on co p p er [20, 21]).

(3) W ith  increasing  m ass velocity , II a ccu m u la tes  to  an increasin g  e x te n t  
in  th e  p ro d u c t, while a t  th e  sam e tim e  th e  in d iv id u a l selectiv ity  va lu es  do  n o t  
change (T able  IV). T h is is in  accordance w ith  th e  resu lts  of our ea rlie r k in e tic  
m easu rem en ts , w hich in d ica ted  th a t  th e  d e h y d ra tio n  of II is th e  slow est s te p  
in  th e  sequence I ► II —*• V [13].

(4) W ith  increasing  te m p e ra tu re , th e  r a te  o f d eh y d rogena tion  o f  th e  
se c o n d a ry  h y d ro x y  g roup  increases to  a g re a te r  e x te n t  th a n  th a t  o f th e  p r im a ry
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h y d ro x y  g ro u p . I n  sp ite  o f th is , i t  d id  n o t  p ro v e  possible to  in c rea se  th e  sc 
le c tiv ity  o f  fo rm a tio n  o f 2 -bu tanone (V I), b ecau se  o f th e  s im u ltan eo u s  in c rease  
in  th e  ra te s  o f  th e  dealdolization  p rocesses ( P D, S D).

*

The authors w ish  to express their th an k s to  Dr. Gizella B o z ó k i  for determ ining th 
active sites o f the ca ta lysts
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INVESTIGATION OF NUCLEOTIDE-METAL ION
SYSTEMS, I

IN T E R A C T IO N  OF Co2+ IO NS W IT H  A D E N IN E  A N D  ITS N U C L E O T ID E S  
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The following com pounds have been prepared by a novel m ethod: CoCl2.aden ine. 
. 3H 20 ;  CoC 1.A M P.4H 20 ;  CoA D P H .4H 20  and CoATPH2.4H 20 .  The u ltraviolet, 
visib le and infrared spectra o f these com pounds have been studied and conclusions 
drawn on structures in the solid and dissolved state . Concerning the m eta l — ligand  
bonds, it  is supposed that m ainly phosphate groups are involved in the coordination, 
b u t in  the Co2+-adenine, Co2+-A D P  and Co2+-A T P system s, in addition to the Co — О 
bonds, Co —N  bonds are also form ed w ith  the N , atom  and the C6—N H 2 group.

Acta Chimica Academiae Scientiarum Hungaricae, Tomus 106 (3), pp. 197— 2 0 4  (1981)

In tro d u c tio n

T he co o rd in a tio n  of m e ta l ions in  ad en in e  nucleo tides can  o ccu r a t  th e  
follow ing s ites: a t th e  aden ine  rin g  (a t  th e  Ce— N H 2 group a n d /o r a t  th e  N 7 
a to m ), a n d  a t  th e  p h o sp h a te  cha in . I f  we exclude  th e  fo rm ation  o f p o ly n u c lea r 
com plexes, th ree  sorts o f b o n d in g  can  be im ag in ed , depending  on th e  ex p e ri
m e n ta l cond itions:

R - P A - R
1 I

A - R - P
1

M M - P M

(a) (b) (c)

A lkali, a lk a lin e  e a rth  m e ta ls , an d  m eta ls  in  th e  f ir s t  tra n s itio n  series fo rm  w ith  
A T P m a in ly  s tru c tu re s  co rrespond ing  to  (a) [1], s tru c tu re  (b) c o n tr ib u te s  o n ly  
12%  [1, 2 ], th e  fo rm atio n  o f s tru c tu re  (c) could  n o t be d e tec ted  in  m e ta l-  
-nuc leo tid e  system s.

C o2+ ions form  1 : 1 com plexes w ith  ad en in e  [3]. A ccording to  in fra re d  
[4] a n d  1H -N M R  [5] in v es tig a tio n s , b o th  th e  N H 2-group an d  N , a to m  are  in 
vo lved  in  th e  coord ination .

O pin ions differ concern ing  th e  s tru c tu re  o f m e ta l n u c leo tides. O n th e  
basis o f  difference sp ec tra  [6 ] a n d  in fra re d  in v es tig a tio n s  [7, 8 ], i t  is su p p o sed  
th a t  o n ly  ß  an d  у  p h o sp h a te  g roups p a r tic ip a te  in  coo rd ination , ad en in e  an d
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198 CSÁSZÁR, KISS: NUCLEOTIDE-METAL ION SYSTEMS

rib o se  do n o t in flu en ce  th e  sp ec tra . O n th e  o th e r  h an d , MO calcu la tio n s [9], 
1H -N M R  [10, 11] a n d  re la x a tio n  in v es tig a tio n s  [12] as well as th e rm o d y n a m ic  
co n sid era tio n s [13] lead  to  th e  conclusion th a t  A T P  is a q u a d rid e n ta te  lig an d .

T he p K  v alues o f aden ine  an d  its  n u c leo tid es  [13 —16], an d  th e  s ta b ili ty  
c o n s ta n ts  fo r th e  C o2+ com pounds [3, 13, 14, 17] are  know n from  th e  l i te ra tu re .

F ro m  all th e se  i t  becom es clear t h a t  d iffe ren t au th o rs  ap p ly in g  id en tica l 
m e th o d s  o b ta in  d iffe ren t re su lts  for th e  s tru c tu re . T he aim  of ou r w ork  w as 
to  iso la te  th e  Co2 + com pounds o f adenine an d  i ts  nucleo tides in  a c ry s ta llin e  
fo rm  an d  to  c o n tr ib u te  to  th e  b e tte r  know ledge o f  these  com plica ted  sy stem s 
b y  th e ir  physico -chem ical s tu d y .

E xperim en ta l

The com pounds studied  were prepared from  the 1 : 1 m ixture of the aqueous solutions 
o f CoCl2.6 H 20  and the appropriate base. The solutions were cooled to about 5 °C, m ixed , and 
the m etal com pound was precipitated under constant stirring by cooled acetone. The product 
w as filtered, washed w ith  alcohol and dried over P20 5. A nalytical data and com positions are 
given  in  Table I.

Table I

L igand*
C(%) H(%) C o(% ) h ,0 (% ) ci(%)

ealed . fo u n d ealed. found ealed . fo u n d ealed. fo u n d 1* ea led . fo u n d

Adenine 18.83* 3.5 3.5 18.5 17.8'* 13.5 16.9 22.2 21.5

AM P-5’ 23.5 23.5 3.9 4.4 11.5 11.45* 15.0 14.1 6.9 6.2

A D P -5’ 21.63* 3.8 3.8 10.6 10.44* 8.7 13.0 - —

A T P -5’ 18.2 18.2 3.4 3.7 8.9 8.8s* 10.9 8.0 - —

Suggested com position o f the compounds:
CoCl2.ad en in e .3H 20 ,  C oC l.A M PH .4H 20 ,  C o .A D P H .4 H T ), Co.ATPH 2.4 H 20 .  
* data always refer to the 5’-phosphate derivatives,
2* thermogravim etric data,
3* determ ination of carbon is uncertain,
'** data obtained by com plexom etric titration,
5* measured spectrophotom etrically

The spectra of the solutions were taken on a Specord UV -VIS spectrometer; reflectance  
curves were recorded on a B eckm an D U  spectrophotom eter at am bient tem perature, using  
bid istilled  water and MgO as reference m aterials. Infrared spectra were recorded on a spectro
photom eter of the ty p e  U R -10 (Zeiss, Jena) in K B r pellets.

pH -m etric titrations were performed w ith a R adelkis O P 205 pH -ineter, w ith a com bined  
glass electrode of the typ e  OP 807. Solutions of a concentration  of 5 X 10” 2 m ol/dm 3 were used.

T herm oanalytical m easurem ents were perform ed on  a Paulik —Paulik -E rd ey  (MOM, 
H ungary) Derivatograph, applying a heating rate o f  6 °C/min.
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R esu lts

p H  -metric titrations

T he aim  o f these  m easu rem en ts  w as to  d e te rm in e  th e  com position  o f  th e  
com plexes fo rm ed  and  to  o b ta in  in fo rm a tio n  a b o u t th e  role of th e  p H .

In  th e  system s A M P .N a ,- C o 2+, A D P .N a 2- C o 2+ and  A T P .N a , - C o 2 + 
th e  sh a rp  p H -ju m p  ch a rac te ris tic  for th e  presence of th e  free lig an d , w h en  
a p p ly in g  one eq u iv a len t o f b ase , d id  n o t occur; in s te a d  o f th a t  a b u ffe r reg io n  
ap p e a re d , w hich  w as sh ifted  to  d iffe ren t e x te n ts , in d ica tin g  th e  fo rm a tio n  
o f  1 : 1 com plexes. U pon increasing  th e  base c o n c e n tra tio n , a c h a ra c te r is tic  
change o f co lour can be observed . In  th e  A M P .N a 2— Co2+ system , th e  in it ia l  
p in k  colour tu rn e d  in to  b lue  up o n  th e  a d d itio n  o f  one eq u iv a len t o f base  (p H  =  
=  7.5 — 8); in  th e  A D P .N a 2—Co2+ sy s tem  i t  tu rn e d  in to  v io let and  b lu e  u p o n  
ad d in g  th re e  or four eq u iv a len ts  o f base  (p H  =  7.5 — 8), respective ly , w h e reas  
in  th e  A T P .N a 2—Co2+ sy stem  also a b lu e  co lour ap p ea red  upon  th e  a d d itio n  
o f fou r eq u iv a len ts  o f base (p H  =  10.5). No p re c ip ita tio n  was o b se rv ed  in 
e ith e r  case. T he p in k  *■ blue co lour tra n s it io n  fo u n d  c learly  ind ica tes a ch an g e  
in  th e  com position  (see e.g. [19]) an d  th e  sy m m e try  o f th e  m olecules fo rm e d  in  
th e  so lu tion . T h is is also su p p o rte d  b y  th e  e x p e rim e n ta l fac t th a t  w e h a v e  
succeeded  in  th e  iso la tion  o f various c ry s ta llin e  p ro d u c ts  h av in g  d iffe re n t 
sp ec tra l ch a rac te ris tic s  from  th e  A T P .N a 2—Co2+ sy s tem  a t  d ifferen t p H  (see 
in  a fu r th e r  paper).

Ultraviolet spectra

T he u ltra v io le t ab so rp tio n  sp ec tra  o f nuc leo tid es  and  th e ir  C o2+ co m 
p o u n d s  are  p rac tica lly  id en tica l, b u t n e ith e r  differ v e ry  m uch th e  sp e c tra  o f  th e  
d iffe ren t nucleo tides (see T ab le  I I ) . T he sp ec tra  a re  o n ly  sligh tly  in flu e n c e d  b y

Table II

Ultraviolet spectroscopic data of the basic substances and their Co2+ complexes

Compound j Bund maximum nin (lg e)

Adenine 208 (4.26) 260 (4.14)

Co2+- 208 (4.25) 260 (4.15)

AMP Na2 207 (4.28) 259 (4.16)

Co2+- 208 (4.28) 260 (4.15)

AD P Na, 207 (4.27) 259 (4.15)

Co2+- 208 (4.26) 260 (4.13)

A T P. Na, 207 (4.30) 260 (4.13)

Co2+- 208 (4.27) 260 (.412)
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th e  p H . As n e ith e r  r ib o se , nor p h o sp h a te  ab so rb s  s ig n ifican tly  in  th e  340 — 
— 210 n m  region, th e  b a n d s  in  th e  sp e c tra  c a n  b e  assigned to  th e  л  —* л*  t r a n 
s itio n s  of th e  a d en in e  r in g .

Visible spectra

T he hands o f  th e  sp e c tra  in  m ix tu re s  a n d  so lu tions a t  a b o u t 620 an d  514 
n m  can  be assigned  to  th e

*Tlg( F )  -  *A2g(F )  (v2) a n d  *Tlg( F )  4Tlg(P ) (v3)

tra n s it io n s , re sp ec tiv e ly . T he in ten s ity  o f  th e  fo rm er is s ig n ifican tly  low er, due  
to  its  being a tw o -e le c tro n  tran s itio n . T h e  L e v e r  [20] m eth o d  p e rm its  a p p ro x i
m a te  ca lcu la tion  o f  th e  R A C A H  p a ra m e te r  В  a n d  th e  energy  o f  th e  v3 b a n d . 
O n  th e  basis o f th e  v2 a n d  v3 bands, В  =  870 c m -1 , w hich co rresp o n d s to  a 
n ep h e lo au x e tic  ra tio  o f  ß  =  0.78. T he f i r s t  d — d b an d , v v  [4Tlg( F )  4T„g(F ) ]  
is to  be expected  a t  a ro u n d  7650 c m -1 . F o r  th e  C o2 + —A M P, Co2 + — A D P  an d

Table III
D ata o f  visible spectra o f  Co2+ nucleotide systems

Compound Band maxima nm and lg e Geometry

Co 2+ -adenine R* — 549 ~  650 pO
R** - 550 ^  650 1>0

Co=+-AMP E 490 514
0 .88

~  615 pO

R* — — 581 pT
R** — — 581 pT

Co2+-A D P E  - 490 514
0.87

~  620 pO

R* - 515 633 pO +  (pT)
R *. - 500 633 pT +  (pO)

Co2+-ATP E  ~ 494 514
0 .83

~  615 pO

0  - 495 514
0.88

— pO

R* — 521 658 pO

R** — 543 613 pO +  (pi

E: 1 : 1  m ixture o f Co2+ and base,
O: aqueous solution  o f the solid m etal salt,
R*: reflectance spectrum  before drying,
R**: reflectance spectrum  after drying for 24 hrs, 
pO: pseudo-octahedral, 
pT: pseudo-tetraliedral
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lo2 + —A T P sy stem s, iden tical В  v a lu e s  can  be ca lcu la ted , an d  th e se  v a lu es  
ire n e a r  to  th o se  ca lcu la ted  for th e  h y d ra te d  ions, th u s  p rov ing  th a t  in  th e  
hove co m pounds th e  Со—О b o n d s p re d o m in a te  (T able I I I ) .

T he s tru c tu re  o f re flec tance  s p e c tra  is m ore com plica ted  (F ig . 1). T he 
p e c tra  o f  C o2+-adenine are  p ra c tic a lly  th e  sam e before an d  a fte r  d ry in g , 
’he s tru c tu re  is a d is to rted  o c ta h e d ro n  w ith  a v e ry  low  sy m m etry ; s t ru c tu re  I

10 10 10 10 kK

'ig. 1. R eflectance spectra. A: CoCl2. a d en in e . 3 H 20 ;  B: CoCl. A M P H . 4 H 20 ;  C: C o .A D P H -  
• 4 !ioO; D: C o. A T P H 2.4 II20 ;  1 ( -----): before drying; 2 (------- ): after drying for 24 h

p ro b ab le . T h e re  is no sign ifican t d ifference in  th e  case o f Co2+ —A M P e ith e r ; 
ocording to  th e  spec trum , th e  s t ru c tu re  is d is to r te d  te tra h e d ra l ( s tru c tu re  II). 
he sp ec tru m  o f Co2 +—A D P  is co m p lex : th e  w et su b stan ce  c o n ta in s  b o th , 
:tra h e d ra l a n d  o c tahed ra l species (s tru c tu re  III) w hile in  th e  d ry  s ta te  th e  
:tra h e d ra l fo rm  p redom inates. B efo re  d ry in g , Co2 + — A TP has a d is to r te d  
o tahed ra l s tru c tu re  (s tru c tu re  IV), w hich , how ever, becom es m ix ed  te t r a -  
ed ral +  o c ta h e d ra l a fte r d ry in g . T h e  ra te  o f  reversib le  w a te r  a d so rp tio n  
lan g es in  th e  sequence C o2 + — A TP >  C o2+-aden ine >  C oJ + — A D P  >  
> C o2 + — A M P, in  parallel w ith  th e  change o f so lub ility .

nfrared spectra

T he ch a rac te ris tic  frequenc ies fo r th e  basic  su b stan ce  an d  C o2+ com  
lexes a re  co n ta in ed  in T able IV .
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From  th e  s p e c tra  o f  A M P . N a2, A D P . N a 2, A T P . N a2 an d  th e  a p p ro p ria t 
m e ta l complexes a s im ila r i ty  is ap p a re n t, e x c e p t in  th e  regions ch a ra c te rise  
fo r th e  phosphate  g ro u p .

In  the  case o f  A D P .N a 2 and  A T P .N a 2, th e  b an d s of th e  asym m etri 
s tre tch in g  of th e  P  — О — P  group are to  he fo u n d  a t  933 an d  902 c m -1 , w hic 
a re  shifted  by  18 c m -1  to  higher frequencies fo r Co2 + — A T P, in  acco rd an t 
w ith  th e  lite ra tu re  [2 1 ]. T h e  cha rac teris tic  b a n d s  o f P —0  an d  C — О g ro u j 
lie  betw een 1070 a n d  1120 c m “ 1; th is b a n d  is sh ifted  b y  15 — 30 c m -1 to  low« 
frequencies for th e  m e ta l  sa lts. The v ib ra tio n  o f  th e  P = 0  group  is betw ee 
1210 and 1260 c m - 1 . T h e  frequency  o f th e  P O 3“  group in  free bases is to  b 
fo u n d  betw een 970 a n d  990 c m -1 ; th is  b a n d  is h a rd ly  or no t a t  all observed  i 
th e  spectra  of m e ta l s a lts .  The s tre tch in g  b a n d  of th e  C = N  group  appeal 
b e tw een  1660 an d  1650 c m “ 1 in  th e  sp e c tra  o f  A M P .N a2, A D P .N a 2 an 
A T P .N a2 and  is s ig n if ic a n tly  shifted for C o2 + — A D P  and Co2 + — A T P  to  ill 
reg ion  of 1690 — 1700 c m “ 1. This shift is p ro b a b ly  to  be exp la ined  b y  th e  form , 
t io n  of a charged C = N + group [21]. T he c h a ra c te r  o f th e  sp ec tru m  is nc 
m u ch  changed in  th e  re g io n  of lower w a v en u m b ers ; th e  bands of th e  free base 
in  th e  spectra of m e ta l s a lts  are diffuse a n d  lo w er in  in ten ; ity .
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Table TV

Infrared frequencies o f  the ligands and their Co2+ compounds

Adenine Co-adenine AMP Co-AMP ADP Co-ADP ATP Co-ATP

3310 s 3330 s 3400 s 3350 s 3340 s 3350 s 3360 s 3350 s
3125 s 3170 s 3200 s 3180 s 3200 s 3200 s 3165 s 3150 s
2980 m
2800 m
2690 m
2600 m

1698 s 1714 s
1678 s 1670 s 1660 s 1660 m 1650 s 1696 s 1652 m 1698 s
1610 s 1638 m 1613 m 1610 m 1610 s 1616 m 1616 in 1618 w

1570 in 1580 w 1580 w 1560 w 1570 w
1520 w 1489 w 1490 w 1486 m 1515 m 1500 w 1519 m
1470 m

1424 m 1407 m 1428 w 1430 w 1426 m 1428 m 1418 w 1432 w
1373 m 1370 m 1340 w 1344 w
1340 in 1350 m 1303 w 1304 w
1314 s 1332 m 1217 w 1218 w 1228 s 1220 s 1259 s 1222 s
1257 in 1223 m 1110 s 1112 s
1129 m 1110 m 1085 s 1072 s 1112 s 1095 s 1110 s 1080 s
1026 m 979 m 989 m 972 m

0f*0 W 938 s 936 s 902 m 920 m
942 s 928 m 797 w 795 w 824 m 822 w 816 w 8?4 w
915 m 910 w 725 w 712 w 724 m 723 w
798 m 790 m 640 w 638 w 643 w 637 w 641 m 636 w
724 m 736 in 535 w 544 w 535 m 525 m 520 m 520 m
645 s 496 w 495 m
622 m

607 m
573 w
554 w

541 m 542 m

Band intensities, s: strong, m: m edium , w: weak

B ased on th e se  d a ta , th e  a ssu m p tio n  can be m ad e  t h a t  th e  base-m etal 
in te ra c tio n  influences m a in ly  th e  p h o sp h a te  groups, h u t  th e  p a rtic ip a tio n  of 
th e  N a to m s o f th e  aden ine  rin g  in  th e  coo rd ina tion  c a n n o t be  excluded  either, 
especially  in  th e  A D P , A T P a n d  ad en in e  com pounds.

The authors are indebted to Chinoin Pharm aceutical and Chem ical W orks for financijd 
support.
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STUDIES ON PYRIDAZINE DERIVATIVES, V*
E T H O X Y C A R B O N Y L A T IO N  REA CTIO N O F P Y R ID A Z IN Y L H Y D R A Z O N E S  

P . Má t y u s , G . S zilá g y i, E . K a s z t r e in e r  and P . S ohár

( Institu te for Drug Research, B udapest)
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The reaction o f  pyridazinylhydrazones I w ith  d iethyl pyrocarbonate m ay give  
the exo- (II) and endo-N -(ethoxycarbonyl) (III) derivatives. In general, the m ore 
stable com pounds III are formed, but in  one case (Ig), the exo-acyl derivative (Ilg) 
could also be prepared. The structures o f the com pounds were established spectroscop
ically.

In  th e  course o f a s tu d y  on th e  s tru c tu re -a c tiv i ty  re la tions of a n tih y p e r 
ten siv e  p y rid az in y lh y d razo n es  (I) [2], th e  sy n th es is  o f  th e  iV -(ethoxycarbonyl) 
d e riv a tiv es  (II) ap p e a re d  desirab le . O f co m p o u n d s I ,  on ly  th e  reac tio n  o f Ig  
w ith  d ie th y l p y ro c a rb o n a te  y ielded  th e  pa le  yellow  exo-iV -(ethoxycarbonyl) 
d e riv a tiv e  I lg ;  co m pounds l a —f  were co n v e rte d  in to  th e  red  endo-iV -(ethoxy- 
-carbony l) d e riv a tiv es  I l i a —f  un d er th e  g iv en  re a c tio n  conditions (F ig . 1). 
C om pound I lg  isom erized  to  th e  endo-]V d e riv a tiv e  I l lg  on sh o rt re flu x in g  in  
d ie th y l e th e r.

T he s tru c tu re s  o f  th e  new  com pounds w ere e lu c id a ted  on th e  basis o f 
th e ir  I R  an d  1H -N M R  sp e c tra . As th e  sp ec tro scop ic  p a ra m e te rs  of th e  isom ers 
I l g - I I I g  are  s ig n ifican tly  d iffe ren t, i t  w as possib le  to  d e te rm in e  th e  s tru c tu re s  
o f  all iV -(ethoxycarbony l) de riv a tiv es , even  i f  o n ly  one o f th e  isom ers w as 
ava ilab le  (T able I).

In  th e  I R  sp ec tru m  o f I l lg ,  th e  ca rb o n y l fre q u e n c y  is low er because con
ju g a tio n  resu lts  in  a low er b o n d  order, w hile in  th e  sp e c tru m  of I lg  th e  h ig h er 
value is due to  th e  — I  e ffec t of th e  h e te ro a ro m a tic  ring . In  th e  11I-N M R spec
tru m  o f I lg  th e  chem ical sh if t of th e  H-5 a to m  is h ig h e r b y  m ore th a n  1 p p m  
th a n  th a t  in  th e  sp e c tru m  o f I l lg ,  w hich can  be  a t t r ib u te d  to  th e  a ro m a tic  
s tru c tu re  an d  th e  an iso tro p ic  effect o f th e  n e a r-b y  e th o x y c a rb o n y l g roup ; th e  
chem ical sh ifts  o f H -4 do n o t  ex h ib it s ig n ifican t d ifferences. A ccordingly , th e  
d ifference in  th e  chem ical sh ifts  of th e  H -5 a n d  H -4  a to m s is low er b y  m ore 
th a n  1 p p m  in  s tru c tu re s  o f  ty p e  I I I  th a n  in  th e  isom ers of ty p e  II. As th e  H -5 
an d  H -4 v alues s tro n g ly  d e p e n d  also on th e  s u b s ti tu e n ts  X , R ’ and  R ” , i t  is

Acta Chimica Academiae Scientiarum Hungaricae, Tomus 106 (3), pp. 205— 211 (1981)

* Part IV, see Ref. [1]
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Table I

Characteristic IR  and 1H -N M R  data

Compound
No.

IR data, cm-1 (KBr) ■H-NMR data, = 0 ppm

Amide-I
band Other signals

ArH Ethoxycarbonyl group

ŐH-5 
d( lH)a*1

<5H-4 <5CH,
t(3H)b

<5CH2 
qa( 2H)b

I l l  a 1680
1710'
1305«
1070«

6.77 6.48 1.35 4.30

III h 1700
1720'
1320«
1080«

6.73 6.47 1.36 4.30

I I I c 1690
1730'

1 3 35-10«
1080«

6.75 6.49 1.35 4.30

H id 1690
1525“
1350h
850h

7.73 7.62 1.37 4.40

III e 1685 — 6.73 6.46 1.35 4.27

III f 1680 6.66 6.41 1.35 4.20

H íg 1670 — 6.79 6.58 1.35 4.25

П  g 1740 7.77 6.48 1.35 4.38

IV a 1710p 3240r
7.70

7.75'

7-40

7.60 -

IV b 1680* 32501
7.55 7.30 

7.70' —

—

s =  singlet 
d  =  doublet 
t - -  triplet 
qa - quartet 
m =  m ultiplet
a A  or В  part of an ^4R-multiplet
b J  7 Hz
0 A  or В  part of an A A 'B B '  m ultip let (2 —2H) 
d Ethoxycarbonyl group of the R ” substituent
0 chem ical shifts of the phenyl ring, calculated by A R-approximation;

H 2,6 <  H 3,5, J  =  9 Hz 
' vC О band of ester group 
« J’C — О band of ester group
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o f  compounds I l ia  — g. Ilg and IVa. b

(COC1, so lu tio n , a t  ro o m  tem p era tu re )

X subst. K' and R" substituents

<$NCH,
m(4H)u

(JOCH,
m(4H)c

<5CH, <JCH, 
(R) (R")

<>och?
(K")

(JCH,
( i n

<5CH
(R')

<5ЛгНе
(R-)

- — 1 95 
s(3H)

1.20d
<(3II)b

4.10
qa(2H)b

2.80“’k 
3.50“'k

-

- — 1.90
s(3H)

1.40“
s(9H )

- 2.89*’1 
3.41“’1

— —

-  ! - 1.86
s(3H)

1.24'1 4.12 
t(3H )b go(2H)b

100—150 Hz 
m(4H)m

— -

- — - — 8.24
S(1H )

7.86°
8.24°

- —
1.90

s(6H ) - — -

- - - - 9 0 - 1 7 0  Hz 
m(10H)° - —

3.15 3.75 1.85
s(6H ) '  1

f
—

3.20 3.75 2.05
s(6H )

— 2.20
*(3H)

2.30
S(3H )

1.35 4.30 
((3H)b qa(2H)b 

1.30 4.25 
l(3H)b ga(2H)’

- - -

2.20
s(3H )

2.15
S(3H )

1.35
t(311)b

4.50
да(2Я)ь — -

h t’asNO.„ i'sNO., and vC—N (0 2) bands 
1 J  10 Hz (I lia  — g), J  =  11 Hz (Ilg)
i 'H-NMR data m easured in DMSO-d, solution at room temperature 
k d, J  15 II/ (1H )
1 d, . /  =  16 Hz (II I )  
m A 2B2 multiplet 
“ t -butyl group 
° II’ and R” groups
p v C - 0  band o f ester group (vs, sharp) 
r rNH  band (b)
“ vC—0  band o f  ester group (1)
1 rNH band (sharp)
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S y n t h e s i s  o f  t h e  i V - ( e t h o x y c a r b o n y l )  d e r i v a t i v e s

Л m ixture o f the pyridazinylhydrazone ( I )  (5 m m oles), d iethyl pyrocarbonate (11 
mmoles) and tetrahydrofuran (15 m L) was refluxed for 2 h  and then allowed to stand overnight. 
The solvent was rem oved in vacuum  and the red oil obtained was purified by chrom atography  
on a B rockm arn-I A120 3 column with dichlorom ethane eluant, and then crystallized.

l - ( E t h o x y e a r b o n y l ) - 3 - c h l o r o - 6 ( l H ) - ( 4 - n i t r o b e n z y l i d e n e h y d r a z o n o )  p y r i d a z i n e  ( I H d )

A m ixture o f I d  (1.39 g; 5 m m oles), d iethyl pyrocarbonate (2.43 g: 15 m m oles) and  
tetrahydrofuran (30 m L) was refluxed for 14 h. The unchanged starting m aterial was rem oved  
by filtration and the filtrate was evaporated to dryness in vacuum . The crude product was 
recryetallized.

l - ( E t h o x y c a r b o n y l ) - 3 - c h l o r o - 6 ( l H ) - ( 2 - p r o p y l i d e n e h y d r a z o n o ) p y r i d a z i n e  ( H i e )

A m ixture of Ie  (2 g; 11 mmoles), diethyl pyrocarbonate (5.6 g: 35 m m oles) and dicliloro- 
/nethane (30 m L ) was allowed to stand for 2 days. The solvent was rem oved in vacuum  and the 
oily  residue was allow ed to stand in a refrigerator for 2 days. The solidified m aterial was rubbed  
with diethyl ether (5 m L) and the crude product was recrystallized.

l - ( E l h o x y c a r b o n y l ) - 3 - e h I o r o - 6 ( l I / ) - ( c y c l o h e x y l i d e i i e h y d r a z o n o ) p y r i d a z i i i e  ( I l l f )

A m ixture of I f  (1.48 g; 6.6 mmoles), d ieth y l pyrocarbonate (2.27 g; 14 m m oles) and 
tetrahydrofuran (20 m L ) was refluxed for 6 h and allow ed to stand overnight. The solvent was 
removed in vacuum  and the crude product was recrystallized.

T a b le  I I

1-Ethoxycarbonyl-6(H I) -hydrazonopyridazines (I lia  g)

Compound
No. Method Solvent Melting point

°C
Yield

% Formula

Ill a isopropanol-gasoline 1 : 1 124--125 31 C13H 17C1N40 4
(328.76)

III b isopropanol-diethyl ether 1 : 1 1 2 6 -1 2 8 25 C15H 21C1N40 4
(356.78)

III c diethyl ether 83 85 22 c14h 10cin4o4
(342.78)

III d dichloromethane 2 0 2 - 2 0 4 28 C14H 12C1N50 4
(349.74)

III c isopropanol-gasoline 2 : 8 134 -136 55 c10h 13c in 4o 2
(256.69)

III f diethyl ether 114 116 19 c13h „ c in4o 2
(296.76)

П1 g diethyl ether 1 7 2 - 1 7 4 60 c 14h 2,in5o 3
(307.35)
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th e ir  d ifference w h ic h  can he used  fo r m ak in g  d is tin c tio n  b e tw een  th e  isom ers:

A d  U S ,  4 (H íg) =  0.21 p p m ,

Ад H -5 , 4 (Ilg) =  1.29 p p m .

E ach  p r o d u c t  o b ta ined  b y  th e  e th o x y c a rb o n y la tio n  o f com pounds l a —f  
was found  to  b e  hom ogeneous. I n  th e  know ledge o f th e  1H -N M R  d a ta  o f th e  
isom ers Hg a n d  n ig , i t  was e s tab lish ed  th a t  all th e  e th o x y c a rb o n y la te d  d e riv 
a tives, e x c e p t Hg, were endo-IV d e riv a tiv e s  o f ty p e  III; th e  zl<5H-5, 4 sh ift 
difference w a s  <  0.3 ppm  for a ll com p o u n d s.

E -l-(3 -C h lo ro -6 -p y rid az in y l)-2 -e th o x y ca rb o n y l-e th y lid en eh y d raz in e  (IVa) 
hav ing  a s t r u c tu r e  re la ted  to  la  is c o n v e rted , u n d e r  cond itions s im ila r to  
those g iven  a b o v e , n o t in to  th e  e th o x y c a rb o n y l d e riv a tiv e , b u t  p a r tia l iso
m eriza tion  a lso  ta k e s  place; th e  p u re  Z -isom er (IVb) h as been  iso la ted  in  1%  
yield.

In  th e  I R  sp ec tru m  of th e  Z -isom er, th e  c a rb o n y l frequency  is low er by  
30 c m -1  a n d  th e  jtNH b an d  is sh a rp e r  ow ing to  th e  in tram o lecu la r chela te  
s tru c tu re ; fu r th e rm o re , in  th e  1H -N M R  sp ec tru m  th e  chem ical sh ift of th e  N H  
p ro to n  is g r e a te r  th a n  in  th e  case o f  th e  E -iso m er. T he py rid az in e  p ro tons 
ap p ear a t  n e a r ly  th e  sam e fie ld  s tre n g th  in  th e  sp e c tra  o f b o th  isom ers, w hich 
fac t p re c lu d e s  th e  possib ility  o f  endo-exo  ta u to m e rie m . In  com pounds la — d, 
the  ]H -N M R  sp e c tia  did n o t in d ic a te  a m ix tu re  o f geom etric  isom ers (these do 
n o t e x is t in  l e —g). A likely  e x p la n a tio n  is th a t  i t  is on ly  in  IV w here chela tion  
(a s tro n g  in tra m o le c u la r  H -b o n d ) c a n  s tab ilize  th e  energ e tica lly  less favourab le  
Z -isom eric  s tru c tu re ; in  co m pounds l a —d th e re  is no  p o ssib ility  fo r chela tion , 
hence th e i r  Z -isom er is n o t fo rm ed  a t  all. In  th e o ry , i t  can he assum ed  th a t  
rap id  in v e rs io n  or in te rn a l ro ta t io n  (p erh ap s in v o lv in g  tau to m erisn r) can  lead 
to  a v e ra g in g  o f  th e  chem ical sh ifts  co rresp o n d in g  to  th e  isom ers, h u t  th is  is 
n o t p ro b a b le , since iso m eriza tion  req u ires  an  energy  o f  a c tiv a tio n  in  com pound 
IV, to o . T h e  occurrence o f g eo m etric  isom ers w as n o t  observed  in  com pounds 
II a n d  III e ith e r .

Experim ental

M .p. ’s were measured w ith  a B oetiu s m elting point determ ining apparatus, and are 
uncorrected .

T he m icroanalytical data C, H , N  o f all com pounds were consistent w ith the compositions
given.

IR  spectra  were recorded in  K B r pellets w ith  a P erk in—Elm er 577 spectrophotom eter. 
4 I-N M R  spectra  were obtained w ith  a JE O L  60 H L instrum ent at 60 MHz at room  tempera
ture, u s in g  TMS internal standard.

T h e  starting com pounds were prepared in  the know n ways: l a — c [2], I<1 [3], Ie, f [4], 
Ig [5], I V a  [6].
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l - ( 3 - M o r p h o l i n o - 6 - p y r i d a z i n y l ) - l - ( c t h o x y c a r b o n y l ) - 2 - ( 2 - p r o p y l i d e n e ) h y d r a z i n e  ( I l g )

A m ixture of Ig (1.35 g; 5.7 mmoles), d ie th y l pyrocarbonate (1.57 g; 9.7 m m oles) and 
tetrahydrofuran (15 m L) w as allowed to stand for 1 d a y , and then the solvent w as rem oved  in  
vacuum . The oily residue w as allowed to stand for 2 days at —10 °C, then the solid precip itate  
was suspended in cold d ieth y l ether ( 2 x 5  m L) and filtered  to  give 1.05 g (60% ) o f th e  product, 
m .p. 7 0 - 7 3  °C.

l - ( E t h o x y c a r b o n y l ) - 3 - m o r p h o l i n o - 6 ( l H ) - ( 2 - p r o p y l i d e i i e h y d r a z o n o ) p y r i d a z i n e  ( I l l g )

Compound I l g  (0.25 g; 0.65 mmoles) w as refluxed  in diethyl ether 5 m L  for 1 0  m ins 
and the precipitate I l l g  was filtered off after cooling.

Compounds I l i a — g  are summarized in  T able I I .

Z - l - ( 3 - C h l o r o - 6 - p y r i d a z i n y l ) - 2 - [ ( e t h o x y c a r b o n y l ) - e t h y l i d e n e ]  h y d r a z i n e  ( I V b )

A m ixture of isom er E  ( I V a )  (1.46 g; 6 m m oles), d iethyl pyrocarbonate (3 .2 4  g; 20 
m m oles) and tetrahydrofuran (25 mL) was refluxed  for 10 h. The solvent w as rem oved  in 
vacuum , the residue w as rubbed with d iethyl eth er  (10 m L) and the precipitate (E -isom er) 
was filtered  off. The above procedure was repeated  tw ice  with the filtrate. The Z  isom er was 
obtained in  a yield o f 0 .014 g (1% ), m.p. 122 — 124 °C.
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The effect o f urea, thiourea and selenourea on the rate o f hydrogen evolu tion  at 
the dropping gallium  electrode has been investiga ted  in  1 m ol/dm 3 H C104 solution. 
I t  has been established that the add itives investigated  increase the rate o f  hydrogen  
evolu tion  at constant overvoltage and at a g iven  concentration (1 0 “ 3m ol/dm 3) in  the  
order: urea <  thiourea <  selenourea.

T he ad so rp tio n  o f th io u rea  (TU) a t  severa l m eta l e lectrodes h a s  been 
in v e s tig a te d  [1 — 4 ] .  A t th e  gallium  e lec tro d e  B agockaja  et al. m e a su re d  th e  
effect o f th io u re a  ad so rp tio n  on th e  r a te  o f  e lec tro ly tic  h y d rogen  ev o lu tio n  
and  on th e  s tru c tu re  o f th e  double-layer [4].  C o n tra ry  to  findings a t  th e  m ercu ry  
e lec trode , th e y  e s tab lish ed  th a t  a d d itiv e  o f  th io u re a  in  n e u tra l o r  ac id  so
lu tio n  changes th e  ra te  of hydrogen  ev o lu tio n  th e  gallium  e lec tro d e , a n d  th e  
s tru c tu re  o f th e  e lec trode /elec tro ly te  b o u n d a ry  lay e r changes to o , as in d ic a te d  
b y  an  increase  in  c a p a c ity . T hiourea a n d  its  iV -substitu ted  d e riv a tiv e s  red u ce  
th e  corrosion  o f iron , e x e r t an  in h ib ito r  e ffec t [5], for th e  ex p la n a tio n  o f  w hich  
i t  is assu m ed  th a t  iro n  — th io u rea  com plexes a re  form ed a t  th e  iro n  su rface . 
IR  in v es tig a tio n s  suggest th a t  th io u rea  is b o n d e d  to  th e  m e ta l b y  i ts  su lp h u r 
a to m  [6]. T h e  s tro n g  in te ra c tio n  b e tw een  th e  su lp h u r a tom  o f th io u re a  an d  
m eta l is in d ic a te d  also b y  th e  fin d in g  t h a t  th e  ad so rp tio n  of th io u re a  a t  th e  
so lu tio n /a ir  in te rface  is low er th a n  a t  th e  so lu tio n /m e ta l in te rface , as c o n tra ry  
to  m o st o f  th e  o rgan ic  com pounds, th u s  also  to  u rea  (U) o f s im ila r s tru c tu re  
th a n  th io u re a , w hich  is adsorbed  in  th e  sam e  m easure  a t  th e  so lu tio n /a ir  an d  
so lu tio n /m e ta l in te rfaces  [7].

I t  seem s p ro b ab le  th a t  th e  d ifference fo u n d  in  th e  adso rp tio n  o f  u re a  an d  
th io u re a  is re fle c ted  also in  th e  effect o f  th e se  com pounds on e lec tro d e  p roces
ses. A t th e  solid  or liq u id  gallium  e lec tro d e , th io u re a  add itiv e  in  H C 104 so
lu tio n  increases th e  r a te  o f hydrogen  ev o lu tio n , i.e. i t  p a rtic ip a tes  as a c a ta ly s t  
in th e  process.

A ccord ing  to  l i te ra tu re  d a ta , th e  d iffe rence  in  adsorp tion  b e h a v io u r  of 
u rea a n d  th io u re a  can  be a t tr ib u te d  to  a d ifference in  bond s tre n g th  be tw een  
m eta l-oxygen  an d  m eta l-su lphur. I t  is th e re fo re  to  be ex p ec ted  t h a t  th ese
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co m p o u n d s  will affect also th e  ra te  of e lec trode  processes in  a d ifferen t m easu re . 
A  la rg e r  difference in  a d so rp tiv e  p roperties th a n  th a t  found  betw een  u re a  a n d  
th io u re a  is to  be e x p e c te d  be tw een  u rea  a n d  se len o u rea  (SeU) an d  i t  is to  be 
e x p e c te d  th a t  th e  la t te r  w ill d im in ish  in  a la rg e r  m easu re  th e  ra te  o f h y d ro g en  
e v o lu tio n  th a n  th io u rea .

S ta r tin g  from  th eses  assu m p tio n s, th e  e ffec t o f  u rea , th io u rea  a n d  se len o 
u re a  on  th e  ra te  of h y d ro g e n  evo lu tion  has b e e n  s tu d ie d  a t th e  d ro p p in g  g a l
l iu m  elec trode  in  a 1 m o l/d m 3 H C104 so lu tio n .

Experimental

The dropping gallium  electrode described earlier [8] has been used for the investiga tion s, 
m od ify in g  the measuring cell so th a t sampling for th e  m easuring of drop weight shall n o t  
in terfere  in  the recording of th e  polarization curve. In  our investigations the current — tim e  
curves belonging to the single poten tia l values have been  recorded on a PA R  170 instrum ent 
b y  th e  potentiostatic m ethod, and from these curves I ,  th e  m ean value of current belonging  
to  th e  given  potential, has been determ ined, from w hich current density j has been calculated  
u sin g  the following form ula [9]:

j = 5 / 3 ^ — .
° m a x

S maxi the m axim al surface of the drop, can be calculated  from  the weight of the gallium  drop, 
w h en d ensity  is known. In our m easurem ents the va lue o f  S miX was about 0.1 cm 2.

From  the pairs of va lues current density (j)-overvoltage (rj), experim entally obtained , 
th e  (rj) — lg j curves have been p lo tted . Measurements were carried out w ith a dropping electrode  
m ade o f  gallium  of 99.9999 pu rity , a t 32 °C, in pure and additive-containing HC104 solutions of  
1 m ol/d m 3 concentration, satu rated  w ith hydrogen. Perchloric acid solutions were prepared  
from  bidistilled water and 70 w %  perchloric acid (M erck) o f analytical grade. Twice recrysta l
lized  urea and thiourea (R eanal), and selenourea (M erck) o f  analytical grade were used as 
ad d itiv es. Before the beginning of the m easurem ents, solutions were further purified by  
electro lysis for about 14 — 16 hours at a current density  o f  1 0 -3A /cm 2 on a gallium  cathode  
used  for this special purpose.

Polarization curves were recorded in the current den sity  region from 10 “ 4 to 1 0 “ 2
A /c m 2.

Figure 1 shows the lg j — rj curves plotted from  data  m easured for 1 m ol/dm 3 pure H C104 
so lu tio n  and such containing 1 0 -3 m ol/din3 urea, thiourea or selenourea as additive. As can be

F ig . 1. rj - lg j curves at the dropping gallium electrode in 1 m ol/dm 3 HC10 , solution , con ta in 
ing as additive in 10 -3 m ol/dm 3 concentration (1) selenourea, (2) thiourea, (3) urea, and (4)

no additive
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noted from the figure, urea dim inishes in the sm allest m easure hydrogen overvoltage, At] =  
= 8  — 10 mV, the polarization curve measured in the presence o f urea runs parallel to the curve 
m easured in pure HC104 solution , the value of di]/d lg j in the potentia l range —0.6 to  0.8 V  
is in both  cases 0.103 V. The decrease in overvoltage produced by 10 _3m ol/dm 3 thiourea is 
considerably larger, At] 175 m V, and a still larger decrease in overvoltage o f 190 mV is 
caused by selenourea of the sam e concentration. It should be noted th at in  the presence of  
selenourea additive the reproducibility o f the m easurem ents is worse than in the tw o preceding 
cases, because of the instabilit y  o f  selenourea. It can be seen from  the aforeasid th at the catalytic  
effect o f the three additives investigated , the decrease in overvoltage and the increase in the 
rate o f hydrogen evolution w hich can be characterized w ith  the A lg j value, changes in the 
order U  <  T U  <  SeU(zl lg j is the difference of the lg j value m easured in HC104 -+- additive 
solution  and the lg j value m easured in  pure HC104 solution at t] = co n sta n t) . A lg j values are 
sum m arized in Table I. lg j — i] curves obtained for solutions o f HC104 -f- T U  or SeU  com po
sition reveal tw o sections o f different slope. In the case o f thiourea the tw o sections intersect at 
— 0.72 V , at lower overvoltages dt]/d lg j e« 0.084 V, while at higher overvoltages th e  slope is 
0.180 V. The break of the polarization curve obtained for the solution  containing selenourea is 
at 1] — —0.74 V, the value o f the slope in the potentia l range o f t] >  —0.74 V is 0.096 V, while 
at overvoltage values of t] <  — 0.74 V, 0.170 V. In the case o f the add itives investiga ted  the 
break observed on the polarization curves is presum ably due to the desorption of these substan
ces from the electrode surface.

Discussion

I t  has been m en tio n ed  in  th e  ex p e rim en ta l p a r t  th a t  o f th e  add itives 
in v e s tig a te d  urea h a s  th e  leas t effect on th e  r a te  o f h y d ro g en  evo lu tion . 
T h io u rea  has a co n sid e rab ly  g rea te r one, and  se lenourea  has th e  s tro n g est 
c a ta ly tic  effect. T he m olecules o f th ese  com pounds d iffer in  so fa r  t h a t  oxygen, 
su lfu r o r selenium  is lin k e d  to  th e  ca rb o n  a to m , a n d , o f th e ir  p hysica l co n stan ts , 
m ole po la riza tio n  increases  in  th e  o rd er U <  T U  <  SeU  [10, 11], i.e. the  
c a ta ly tic  effect o f th e  ad d itiv e s  increases p a ra lle l to  th e ir  p o la riz a b ility  (see 
T ab le  I). P resu m ab ly , w ith  increasing  p o la rizab ility  p rim arily  th e  ad so rp tio n

Table I

z?(V)
A lg j j =  A/cm*

Urea Thiourea Selenourea

- 0 .7 5 0.09 1.66 1.95

-0 .7 0 0.08 1.76 2.00

- 0 .6 5 0.08 1.69 1.90

Й? 1021 (cm 3) 5.715 (10) 9.805 (11) —

* Values calculated using the refractive index m easured at A =  564.1 nm.

of th e  ad d itives changes, a n d  th a t  a d d itiv e  is th e  b e t te r  c a ta ly s t , fo r w hich  th e  
change in  free e n th a lp y  o f a d so rp tio n  is h ig h er. C orre la tion  be tw een  th e  
p o la rizab ility  of th e  a d d itiv e  and  its  a d so rp tio n  or c a ta ly tic  e ffec t ind ica tes 
t h a t  adso rp tio n  is d e te rm in e d  in f ir s t  a p p ro x im a tio n  b y  d ispersive  forces.
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T h is  seem s to  be su p p o r te d  b y  th e  slight d ifference b e tw een  th e  d ipo le  m o m en t 
o f  t h e  С =  X  bond o f u re a  (4.59 D) and  of th io u re a  (4.89 D) [12] (X  =  O, S, 
S e ), ow ing to  w hich th e  e n e rg y  of th e  gallium  - d ipole in te ra c tio n  m ay  be 
n e a r ly  iden tica l in  th e  tw o  cases.

I n  add ition  to  th e  d ifference in  d ispersive  forces, to  th e  increase  in  
c a ta ly t ic  ac tiv ity  in  th e  o rd e r  U <  TU  <  S eU , th e  d ifference in  chem ical 
in te r a c t io n  Ga —► X  =  C a lso  p lay  a p a r t.
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Binary oxides o f  perovskite-type corresponding to the follow ing stoichiom etric  
com positions have been prepared by the explosion m ethod. It has been  found th a t in 
reductive atm osphere (10%  H2 +  90%  H e), the binary oxides show  higher thermal 
stab ility  in  com parison w ith  respective single oxides o f transition m etals. T he stab ility  
increases as follow s: L a N i0 2.98 <  L aC o03-00 <  L a F e0 3,22. The reduction  o f binary 
oxides proceeds v ia  interm ediate stages at which com pounds w ith  d ifferent oxygen  
stoichiom etry are formed.

Introduction

P ero v sk ite -ty p e  b in a ry  oxides w ith  th e  general fo rm ula  A B 0 3 (w here 
A is a tr iv a le n t ra re  e a r th  e lem ent an d  В is a tra n s itio n  m eta l ion) a re  im p o r ta n t 
as m odel system s in  th e  search  for a co rre la tio n  betw een  th e  ch em ica l p ro p e rty  
o f  a so lid  an d  its  c a ta ly tic  a c tiv ity  [1, 2 ]. F ro m  p rac tica l p o in t o f  v iew  these 
ox ides are  considered  p o te n tia l c a ta ly s ts  fo r ex h a u s t gases in  c a ta ly tic  m ufflers 
a n d  electrodes fo r h ig h -te m p e ra tu re  fuel cells [3 —12] w here th e  a b o v e  oxides 
can  be su b s titu te d  fo r coinage m eta ls . B ased  on th e  surface s tru c tu re  o f  perovs- 
k ite s , i t  is assum ed  th a t  square  a r ra y  В —О —В ion system  is a c a ta ly tic a lly  
ac tiv e  surface. T he c o n tr ib u tio n  o f th e  la tt ic e  oxygen  to  th e  c a ta ly t ic  reac tio n  
consists  in  th e  re d u c tio n  o f th e  su rface w ith  th e  fo rm atio n  of an io n  vacancies
[2 ,1 3 ] .

I t  has b een  e stab lish ed  th a t  depend ing  on th e  m e th o d  u se d  fo r the  
p re p a ra tio n  of p e ro v sk ite -ty p e  b in a ry  oxides, sam ples w ith  considerab le  
d ifferences in  su rface  areas [10, 14, 15] an d  in  oxygen s to ic h io m e try  [1 6 —18] 
a re  o b ta in ed . T h e  o b serv ed  differences in  ca ta ly tic  a c tiv ity  o f a  g iven  b in a ry  
ox ide  re su lt from  using  d iffe ren t m e th o d s fo r its  syn thesis  [14, 19, 20]. In  our 
p rev ious p ap er [15], a new  explosion  m eth o d  has been  d esc rib ed  for the 
sy n th esis  of p e ro v sk ite -ty p e  b in a ry  oxides using  L a € o 0 3 as a n  ex am p le  and  
th e  m eth o d  was co m p ared  w ith  o th e r m eth o d s know n from  l i te ra tu re .  I t  has
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b e e n  show n th a t  o u r m e th o d  enables to  o b ta in  phase-hom ogeneous p ro d u c t 
w ith  a re la tiv e ly  h ig h  su rfa c e  a rea  w hich is th e  r e s u lt  o f a co m p ara tiv e ly  low  
f in a l  te m p e ra tu re  o f c a lc in a tio n .

T h e  p resen t s tu d y  w as  aim ed a t d e te rm in in g  th e  op tim u m  cond itions 
o f  sy n th eses  of L a F e 0 3 a n d  L a N i0 3 using th e  ex p losion  m eth o d  as well as a t 
e x a m in in g  th e  th e rm a l s ta b i l i ty  in  red u c tiv e  a tm o sp h e re  an d  oxygen s to ich io 
m e tr y  fo r b o th  th e  ab o v e  com pounds an d  L a C o 0 3.

E xperim ental

L a F e 0 3 and L a N i0 3 w ere synthesized by the explosion  m ethod described in  our earlier 
paper [15]. To the aqueous so lu tion s of lanthanum (III) and iron (III) as well as lanthanum (III) 
and  n ickel(II) nitrates a sa tu ra ted  solution of am m onium  bicarbonate was added until pH  =  
= 7 .0  w as reached. The p recip itate w as dissolved in glacial acetic  acid and then concentrated (using 
a v a cu u m  evaporator) to about 300 cm 3 w hat made 30%  o f the starting volum e. After transfer
ring th e  solution in to a quartz evaporating dish, a further evaporation  was carried out until 
sp on tan eou s explosion reaction  started . The products obtained  as a result of explosion were 
dark-red and black, respectively , for L a F e0 3 and L a N i0 3. The above products were heated at 
533 К  for 2 h in a vacuum  sy stem  under a pressure of 1.33 P a. Further calcination was carried 
o u t a t  773 К  in air flow ing w ith  a rate o f 30 dm3/h for 15 and 20 h, respectively, for L a N i0 3 
and L a F e 0 3. L anthanum (ÍII) cob a lta te  prepared in our earlier stu dy  [15] was also subject to  
ex a m in a tio n . The follow ing o x id es: F e„03, Co30 4 and NiO were also prepared using the same 
procedure as that applied for b in ary  oxides, in order to com pare their therm al stabilities w ith  
th o se  o f corresponding binary ox ides. During all the therm al treatm ents the tem perature  
w as m aintained with an accuracy o f  i  5 K.

T he lanthanum  and iron con ten t of the prepared sam ples was determ ined by ED T A  
t itra tio n  and the nickel co n ten t electrogravim etrically. The surface area of the sam ples was 
m easured  by gas-chrom atographic technique using a Perkin — E lm er Sorptom eter Model 212 C. 
H eliu m  was used as a carrier gas and nitrogen as an adsorbate. The X -ray analysis was carried 
o u t on  a diffractometer T U R -M -62 w ith  a goniom eter H ZG -3 m ade in  GDR. Iron-filtered  
Со К„, radiation and nickel-filtered  Cu K a radiation were used , respectively, for L a F e0 3 and 
L a № 0 3. Thermogravimetric stu d ies  were performed using Sartorius m icrotherm obalance 
“ G rav im at” Model 4133 under experim ental conditions as follow s: starting w'eight o f a sample 
0.05 g, atmosphere 10% H 2 +  90%  H e, flow  rate 3 dm 3/s heating  rate 0.33 К /s. M agnetic 
m easurem ents were carried ou t b y  th e  Faraday m ethod at 293 К  at m agnetic field  in tensity  
up to  9700 Oe using the apparatus described elsewhere [21]. The Mohr’s salt was applied as a 
stan d ard . All reduced sam ples un derw en t an evacuation before the m agnetic m easurem ents.

R esu lts  and  D iscussion

R esu lts  of X -ra y  e x a m in a tio n  of L aC o 0 3 u se d  in  th is  s tu d y  w ere given 
in  o u r  earlier p u b lica tio n  [15 ], therefore  d iffra c tio n  p a tte rn s  of th e  above 
c o m p o u n d  are no t p re se n te d  in  th is  paper. H o w ev er, o th e r  ex p erim en ta l d a ta  
c o n c e rn in g  L aC o03 p u b lish e d  p rev io u sly  [15] w ill be  g iven  in  a fu r th e r  p a r t  of 
th e  p a p e r  in  paren th eses  fo r  com parison  wdth th e  o th e r  b in a ry  oxides.

I t  w as found, on th e  g ro tm d s of d iffrac tion  cu rv es  show n in  F igs l a  an d  
2a  t h a t  in  add ition  to  m a in  reflec tio n s o rig in a tin g  fro m  L a F e 0 3 an d  L a N i0 3 
p h a se s , also reflections co rre sp o n d in g  to  som e p h ases  o f oxide su b s tra te s  are 
o b se rv e d . R ela tive ly  low  in te n s it ie s  of all reflec tio n s in  th e  d iffrac tion  p a tte rn s
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Fig. 1. X -ray curves for L a F e0 3: a — m aterial after the explosion, b m aterial after the  
explosion prelim inary calcinated at 573 К  for 2 h at p =  1.33 Pa and then at 773 К  for 20 h

proves v e ry  poor c ry s ta l o rder o f th e  o b ta in e d  p ro d u c ts . F u r th e r  th e rm a l 
tre a tm e n t has led  to  an  increase in  re flec tio n s a sc rib ed  to  th e  phase o f a g iven  
p ero v sk ite  an d  d isap p earan ce  of re flec tio n s belong ing  to  phases o f sim ple  
oxides. W e h av e  e s tab lish ed  th a t  th e  low est te m p e ra tu re  a t  w hich m o n o p h ase  
p ro d u c ts  of L a F e 0 3 a n d  L a N i0 3 are o b ta in e d  is 773 К  (identical as in  th e  case 
of L a C o 0 3 sy n th esis). C alcination  tim e  n ecessa ry  to  p repare  p h ase -h o m o g e
neous sam ples w as 15 an d  20 h , re sp ec tiv e ly , fo r  L a N i0 3 and  L a F e 0 3 (10 h 
for L a C o 0 3). X -ra y  curves for sam ples show ing  re flec tions co rrespond ing  to  th e  
l ite ra tu re  d a ta  on LaFeO ., [22] an d  L a N i0 3 [23] a re  given in  Figs l b  a n d  21). 
C hem ical analysis te s tifie s  to  a v e ry  good s to ich io m etric  ag reem ent since  in 
th e  case of L a N i0 3 la n th a n u m  c o n te n t w as 5 6 .2 2 %  an d  nickel c o n te n t 23 .61%  
w h a t co rresponds to  a L a: Ni ra tio  o f 1.004. In  th e  case of L a F e 0 3 la n th a n u m

Fig. 2. X -ray curves for L a N i0 3: a — m aterial after th e  explosion, b — m aterial after the  
explosion prelim inary calcinated at 573 К  for 2 h at p =  1.33 Pa and then at 773 К  for 15 h
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c o n te n t  w as eq u a l to  57 .02%  an d  iro n  c o n te n t  to  22.64%  w h a t m akes th e  ra tio  
o f  L a :  F e  =  0.995. (L a n th a n u m  c o n te n t in  L a C o 0 3 am o u n ted  to  5 6 .1 0 %  an d  
c o b a lt  c o n te n t to  24 .66%  w h a t gives th e  ra t io  o f L a: Co =  0.965). S urface  
a re a s  o f  th e  p re p a re d  sam ples w ere 25.9 a n d  22.7 m 2/g, re sp e c tiv e ly , fo r 
L a F e 0 3 an d  L a N i0 3 (34.6 m 2/g for L a C o 0 3). O ne can  no tice , w hile co m p arin g  
su rfa c e  areas o f sam ples p rep a red  b y  ex p lo sio n  a n d  ceram ic m eth o d s t h a t  th e

F ig . 3. TG  curves for F e20 3( l ) ,  Co30 3 89(2) and N i0 930 (3 )  in  10% H 2 -j- 90% He at 3 dm 3/s  and
0.33 K /s

fo rm e r  m e th o d  gives th e  p ro d u c t w ith  a su rface  a rea  w hich is e.g. fo r  L a N i0 3 
la rg e r  b y  one o rder o f m ag n itu d e  th a n  t h a t  o b ta in e d  b y  th e  la t te r  m e th o d  
(0 .98 m 2/g).

C urves o f th e rm o g rav im e tric  analy sis  (TG) carried  o u t in  re d u c tiv e  
a tm o s p h e re  (10%  H 2 -f- 90%  H e) are  show n in  F ig . 4. In  th e  case o f  L a C o 0 3 
a n d  L a N i0 3 th e  sh ap e  o f T G  curves is s im ila r. T h e  red u c tio n  p roceeds in  tw o  
s te p s . T h e  f irs t  s tep  o f L a N i0 3 red u c tio n  o ccu rs  in  th e  te m p e ra tu re  ra n g e  o f 
480 — 640 K , follow ed b y  a  shoulder b e tw een  640 and  740 К  p ro v in g  th e  
s ta b i l i ty  o f p a r tia lly  red u ced  sam ple. T he second  stage of re d u c tio n  s ta r ts  
ab o v e  740 К  an d  ends a t  900 K . These is no  w e ig h t change above 900 K , an d  
th e  t o t a l  w eigh t loss is 9.66 w t.% . T he th e rm o g ra v im e tr ic  curve fo r  L a C o 0 3 
show s a  s im ila r tw o -s tep  course of re d u c tio n  a n d  differs from  th a t  fo r  L a N i0 3 
o n ly  in  te m p e ra tu re  va lu es  w hich  are  a b o u t 100 К  h igher for each  re d u c tio n  
s te p s , in d ic a tin g  th e  h ig h er th e rm a l s ta b il i ty  o f  L a C o 0 3 in  com p ariso n  w ith  
L a N i0 3. T h e  to ta l  w eig h t loss was 9 .75%  w t. in  th e  case o f L a C o 0 3. T he 
th e rm o g ra v im e tr ic  cu rv e  reco rded  b y  S is et al. [24] during  h ea tin g  o f  a s to i
c h io m e tr ic  la n th a n u m (II I )  co b a lta te  in  re d u c tiv e  a tm osphere  (10%  H 2 +  90%  
N 2) is s im ila r to  o u t cu rves. On th e  o th e r  h a n d , L a F e 0 3 gives a d iffe ren t
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Fig. 4. TG curves for L a F e 0 322(l) ,  LaC o03 00(2) and L a N i0 2.98(3) in 10% H 2 -f- 90%  He at
3 dm’/s and 0.33 K /s

th e rin o g rav im e tric  cu rv e  (e.g. curve 1, on  F ig . 4). In  th is case th e  f i r s t  s tep  of 
red u c tio n  occurs in  th e  tem p e ra tu re  ra n g e  o f  520 — 580 K . A bove th is  te m p e r
a tu re s  th e  sam ple  is s tab le  up to  720 К  a n d  th e n  th e  second s te p  o f  red u c tio n  
is observed  up  to  870 K . W ith in  th e  te m p e ra tu re  region of 870 — 1140 К  a long 
p la te a u  occurs w hich  ind ica tes th e  h igh  th e rm a l  s tab ility  of L a F e 0 3. T h e  la s t 
com pound  undergoes red u c tio n  in  a n a rro w  te m p e ra tu re  range (b e tw een  1140 
an d  1220 K ) a n d  th e  m ax im um  w eig h t loss is 11.20 w t.% . T h e  p resence  of 
L a20 3 an d  a re sp ec tiv e  m eta l w as id e n tif ie d  in  th e  final p ro d u c t b y  X -ra y  
analysis . T he ab o v e  p ro d u c ts  are fo rm ed  acco rd ing  to  th e  fo llow ing  overall 
process: .

L aM eO j — 1/2 L a20 3 +  Me +  3/4 0 2. (1)

B asing  Oh th e  ab o v e  reac tio n  an d  on  th e  dete rm in ed  values o f  w e ig h t loss 
caused  b y  re d u c tio n  process, s ta r tin g  co m p o sitio n s  of the  in v e s tig a te d  b in a ry  
oxides were ca lc in a ted  an d  th e y  ap p ea red  to  be as follows: L a F e 0 322, L a C o 0 3 00 
an d  L a N i0 298. D ev ia tio n s from  o x y g en  sto ich io m etry  in  L a F e 0 322 and  
L a N i0 298 re su lt from  th e  presence o f F e 4+ a n d  N i2+ in  these  co m p o u n d s  [25]. 
I t  is p ro p er to  a d d  t h a t  th e  observed  w e ig h t loss w hich am o u n ts  to  1.31 w t.%  
for L a F e 0 322 a t  580 К  is in  a good a g re e m e n t w ith  the  d e te rm in ed  va lu e  of 
excess oxygen.

R esu lts  o f  th e  th e rm o g rav im e tric  a n a ly s is  o f single oxides F e 20 3, Co30 4 
an d  N iO  w hich  w ere also p rep ared  b y  th e  explosion m ethod  a re  p re se n te d  in  
Fig. 3. The above ox ides are reduced  to  th e  correspond ing  m eta l a t  550, 690 and
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F ig. 5. M agnetic moment as a fun ction  of reduction degree (expressed as weight loss in  % ) 
for L a F e0 3 22( x ) ,  LaCoO3 00( o )  and L a N i0 2 98(# )

770 К  fo r  N iO , F e20 3 an d  Co30 4, respective ly , a n d  th e  shape of curves in d ic a te s  
a o n e -s te p  reduc tion . T he fa c t  th a t  m ax im u m  w e ig h t loss occurs fo r sing le  
o x id es  a t  low er te m p e ra tu re s  th a n  for co rresp o n d in g  b in a ry  oxides o f  p e ro v s-  
k i te - ty p e  p roves h igher th e rm a l  s ta b ility  of th e  b in a ry  oxides. S ta r tin g  c o m 
p o s itio n s  o f  single oxides c a lc u la ted  on th e  g ro u n d s  of w eight losses a re  as 
fo llow s: F e 2O 3 00, Co30 3g9 a n d  N i093O. R esu lts  o f  m ag n e tic  m easu rem en ts fo r 
L a F e 0 322, L a C o 0 3 an d  L a N i0 298 w hich w ere re d u c e d  before th e  m e a su re 
m e n ts  t o  a specified re d u c tio n  degree are g iven  in  F ig . 5. All th e  p re se n te d  
re s u lts  w e re  o b ta ined  a t  293 К  a t  a fie ld  in te n s i ty  o f  9700 Oe. D ependence  o f  
m a g n e tic  m om ents on th e  re d u c tio n  degree o f  L a C o 0 3 and  L a N i0 298 h a v e  
s im ila r  c h a ra c te r  and  th e  sh a p e  o f th e  cu rve  fo r  L a C o 0  3 00 is close to  t h a t  
o b ta in e d  b y  Sis et al. [24] fo r s to ich iom etric  L a C o 0 3. T he w eight loss v a lu e  a t  
th e  in i t ia l  s tag e  of red u c tio n  o f  L a F e 0 322 (1.3 w t .%  — see th e rm o g rav im e tric  
cu rv e  in  F ig . 3) for w hich th e  m in im u m  value o f m a g n e tic  m om ent was o b se rv ed  
is e q u iv a le n t  to  th e  d e te rm in ed  a m o u n t of excess ox y g en . In  the  w hole in v e s 
t ig a te d  ra n g e  o f w eight losses o b se rv ed  for L a C o 0 3 00, L a N i0 2 98 and  L a F e 0 3 22 
an  i r r e g u la r  increase occurs in  m ag n e tic  m o m en t v a lu es  w hich is caused b y  n o t  
u n ifo rm  process of m eta llic  p h a se  fo rm atio n  (F e , Co an d  Ni, re sp ec tiv e ly ). 
In  o rd e r  to  determ ine q u a n t i ta t iv e ly  b y  m ag n etic  m e th o d  th e  c o n c e n tra tio n
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o f a g iven m eta llic  phase  in  a sam p le , th e  follow ing em pirica l dependence, 
e s ta b lish e d  b y  H e u k e l o m  et al. [26] w as app lied :

i  1 1

7  ' ^ r +  < r „ (« H )09

w here: a  — specific m ag n e tiza tio n  o f  a sam p le  a t H  field  in te n s i ty  
cs^ — s a tu ra tio n  of m a g n e tiz a tio n  
a  — a c o n s ta n t

T he 1 /сгм v alue  for a sam ple u n d er s tu d y  is o b ta in e d  by  p lo ttin g  th e  dependence  
1/cr vs. l / f í oe an d  e x tra p o la tin g  th e  s t r a ig h t  line to  1 /Л 0'9 =  0. B asin g  on th e  
kn o w n  va lu es  o f sa tu ra tio n  o f m a g n e tiz a tio n  a t  293 К  w hich are  218 .0 , 161 and  
54.39 for F e , Co a n d  N i [26], re sp ec tiv e ly , a n d  on sa tu ra tio n  o f  m a g n e tiza tio n  
v a lu e  o f a g iven sam ple , percen tages o f  m e ta llic  phases in  in v e s tig a te d  sam ples 
w ere ca lcu la ted .

R esu lts  o f m ag n e tiza tio n  m e a su re m e n ts  o f  selected sam ples w ith  d e te r
m ined  w eigh t loss are  show n in F ig . 6 . A  c rite r io n  of selection o f sam p les  an a 
ly zed  fo r m eta llic  phase  co n ten t w as th e  sh a p e  o f curve rep re sen tin g  th e  depen 
dence o f m ag n etic  m o m en t on w e ig h t loss (F ig . 5). C on cen tra tio n  o f  m etallic  
phases d e te rm in ed  for sam ples w ith  specified  redu c tio n  degrees w as used  to  
ca lcu la te  th e  c o n tr ib u tio n  of each  c o m p o n e n t (Table I) an d  to  e s ta b lish  th e  
schem e o f red u c tio n  o f b in a ry  ox ides u n d e r  s tu d y . The o b ta in e d  resu lts  of 
m ag n e tic  an d  th e rm o g rav im e tric  s tu d ie s  show  th a t  th e  o v era ll red u c tio n  
process described  b y  e q u a tio n  (1), le a d in g  to  th e  fo rm ation  o f  L a 20 3 and  a

l / H 09

Fig. 6. D eterm ination of o„  value by extrap olation  m ethod for samples w ith  percentage of 
w eight loss as follows: L a F e0 3>22 — 2% (1), L a F e 0 3 — 4.55% (2); L aC o03 00 — 1.38%  (3), 

I.aCoOj 00 5.18%  (4); L a N i0 2.98 -  1.77%  (5), L a N i0 2.98 -  5.00%  (6)
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Table I

Stoichiom etric composition o f the investigated samples as established on the grounds o f weight loss
and metallic phase content

Weight loss,
%

Metallic phase 
content, %

Stoichiometric
composition

0 0 LaCoO3>00

1.38 1.85 LaCo0 920 2>79

5.18 6.96 L*aCo0 71O2.20

0 0 L a N i0 2.98
1.77 1.90 L aN i0 920 2<73

5.00 6.71 L aN i0<72O2>23

o 0 L ateO jjo

2 2.04 L aF e0>91O2>70
4.55 7.91 L aF e0 660  2 31

re sp e c tiv e  m e ta l, in fac t occurs v ia  in te rm e d ia te  com pounds w ith  d iffe ren t 
o x y g en  defic iency , w h a t can  be  expressed  b y  th e  e q u a tio n  as follows:

LaMeO.j — L aM e^O g ^  -f- (1—x)  Me -f- l / 2 y  0 2 (2)

w h ere : M e =  F e , Co or Ni.
A t th e  f i r s t  s tage  of red u c tio n , i.e . below  w eight losses o f  3.25 w t.%  for L a C o 0 3 00, 
an d  L a N i0 2-98 an d  3.6 w t.%  fo r L a F e 0 322, x  a n d  у  a re  betw een  th e  fo llow ing 
v a lu es : 0 <  x<C 0.92 an d  0 <  у  <C 0.5. W hen w e ig h t loss exceeds 3.25 w t.%  
for L a C o 0 3 00 an d  L a N i0 2 98, a n d  3.6 w t.%  fo r L a F e 0 322, th e  second s ta g e  
o f re d u c tio n  is observed  (F ig . 5) w hich  corresponds to  an  increase in  a v a lu e . 
T h ere  is n o  clear m ax im um  a t  th e  above re d u c tio n  s ta g e , therefore  th e  v a lu es  
o f w e ig h t loss of 5.18, 5.00 a n d  4 .55%  (based  on sh ap e  of curves show n in  
F ig . 3) w ere  chosen as re p re se n ta tiv e  of th is  s ta g e , fo r L aC o 0 3 00, L a N i0 2 9g 
an d  L a F e 0 322, respective ly . O n th e  grounds of th e se  v a lu es  and  co n cen tra tio n s 
of m e ta llic  p h ase , th e  sto ich io m etric  com positions g iv en  in  T ab le  I  w ere d e te r 
m ined . T h e y  show  th a t  reac tio n s  occurring  a t  th e  second  stage of re d u c tio n  
can  be  a lso  described  b y  E q . (2). H ow ever, ab o v e  th e  discussed va lu es  o f  
w eig h t lo ss , th e  o b ta in ed  d a ta  do n o t lead  to  u n iv o c a l conclusions.

Conclusions

1. O p tim u m  cond itions of LaFeO g an d  LaNiOg sy n th e se s  were de te rm ined  fo r 
th e  ex p lo s io n  m ethod , e la b o ra te d  earlie r to  p re p a re  LaCoOg. B o th  fo r 
L aF eO g a n d  for L a N i0 3 th e  o p tim u m  te m p e ra tu re  o f  syn thesis  is 773 К  a n d  
c a lc in a tio n  tim e  15 an d  20 h  fo r L a F e 0 3 an d  L aN iO g, respectively .
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2. U n d e r th e  ap p lied  cond itions o f  sy n th es is  b in a ry  oxides w ith  th e  fo llow 
in g  co m position  w ere o b ta in ed : L a F e 0 322, LaCoO 300 an d  L a N i0 298.

3. In  all cases u n d e r  s tu d y , b in a ry  ox ides sho w  h ig h er th e rm a l s ta b i l i ty  in  
com parison  w ith  re spec tive  single oxides (F e20 3, Co30 389 an d  N i093O ).

4 . T he order of th e rm a l s ta b ility  is th e  fo llow ing : L a N i0 2 98<  L a C o 0 3 00 <  
^  L a F e 0 322

5. In  a red u c tiv e  a tm o sp h ere , th e  re d u c tio n  o f  th e  above com pounds 'does 
n o t give d irec tly  L a 20 3 and  th e  re sp ec tiv e  m e ta l (F e, Co or Ni) b u t  p ro 
ceeds via  in te rm e d ia te  com pounds o f d iffe ren t oxygen deficiency.
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The effect o f  the self-association of one o f  the diffusible com ponents upon the 
equilibrium  of a gel —binary m ixture system  is d iscussed for the system s P V A —w ater — 

dodecyl-trim ethyl-am m onium  bromide, and P V A  — water — saccharose. Consistently  
with theoretical calculations, the curves characteristic o f selective so lvatation  are 
strongly convergent in this case; but data found and data calculated for sorption in 
infin itely  dilute solutions differ by nearly one order o f m agnitude.

In tro d u c tio n

E x ten siv e  s tu d ies  in  our lab o ra to ries  w ere carried  ou t in  recen t years 
in  o rd er to  e lu c id a te  th e  fu n d am en ta l fac to rs  w hich  affect th e  p h en o m en a  of 
sw elling an d  so rp tio n . A lready  th e  f irs t re su lts  w ere prom ising, a t  le a s t as far 
as tw o  fu n d a m e n ta l aspec ts  were concerned . O n th e  one h a n d  i t  could  be 
show n th a t  so rp tio n  iso th erm s o b ta in ed  fo r gels o f a sm all degree o f cross- 
-link ing  an d  o f low  p o ly m er co n cen tra tio n  a re  th e  sam e — w ith in  lim its  of 
e x p e rim e n ta l e rro r — as th e  so lvation  iso th e rm s  referred  to  a so lu tio n  a t 
in fin ite  d ilu tio n  [1]. T he equivalence of th e  tw o  phenom ena w as v e rified  la te r  
for o th e r sy stem s, to o  [2]. On th e  o th e r h a n d  i t  w as found  th a t ,  generally , 
i t  is only  in  v e ry  sim ple cases th a t  p a ram e te rs  n o te d  in th eo re tica l w ork  [3, 4, 5] 
p rove  su itab le  fo r a q u a n tita tiv e  d escrip tion  o f  to ta l  and  p re fe ren tia l so rp tion . 
F o r, in  th e  course o f de ta iled  ex p e rim en ta tio n  w e have  found  th a t  th e  sh ap e  of 
so rp tio n  iso th e rm s in  s tro n g ly  po la r system s is o ften  decisively a ffec ted  by  th e  
s tru c tu re  o f th e  so lv en t m ix tu re  used, besides th e  уц  in te ra c tio n  p a ra m e te rs  
a n d  th e  m o la r vo lu m es o f th e  diffusible co m p o n en ts . T hus d e ta iled  s tu d y  of 
po ly (v in y l alcohol) — w a te r  — a lip h a tic  a lcoho l system s has show n th a t  th e  
a sso c ia tio n -s ta te  o f  th e  so lven t m ix tu re  p lay s  a sign ifican t role in  th e  Ö-state 
co n fo rm atio n  o f p o ly (v in y l alcohol) (PV A ), in  o th e r w ords th e  po lym er 
m olecule m u st, so to  say  to  f i t  to  th e  s tru c tu re  o f th e  m ix tu re  [6 , 7, 8 ]. The 
resu lts  of th ese  ex p e rim en ts  also draw  a tte n tio n  to  th e  fac t t h a t  — c o n tra rily  
to  th e  th e o re tic a l t re a tm e n ts , based  on th e  su p p o sitio n  of co m p le te ly  or par-
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t i a l ly  d isordered  s ta te s , c u r re n tly  used — a ra th e r  m ore su itab le  th e o re tic a l 
w a y  is  open perhaps b y  co n sid e rin g  th e  in te ra c tio n  betw een  th e  v a rio u sly  
c o u p le d  system s an d  b y  con sid erin g  how  th is  in te ra c tio n  a ffec ts  th e  tw o 
“ m a in ”  com ponents, v iz . th e  p o lym er m olecules an d  th e  m olecules o f  th e  
s o lv e n t  m ix tu re . H o w ev er, th e  opening  u p  o f su ch  a w ay  of lo o k ing  a t  th is  
m a t t e r  is for th e  fu tu re  b e cau se  a t  p re sen t we a re  h in d ered  b y  th e  re la tiv e  
c o m p le x ity  of th e  sy stem s a n d  b y  som e th e o re tic a l d ifficu lties.

I n  th is paper we p re s e n t  a re p o rt on th e  effect of th e  a ssoc ia tion  o f one 
o f  th e  d iffusible co m p o n en ts  on  th e  gel — b in a ry  m ix tu re  eq u ilib riu m , b y  w ay  
o f  u s in g  an  obvious m o d e l: d o d ecy l-trim e th y l-am m o n iu m  b ro m id e , D T A B , 
a  s u r f a c ta n t  soluble in  w a te r . E a rlie r  s tud ies h av e  show n th a t  th is  su b stan ce  
d oes n o t  in te ra c t w ith  Р У А , as do an io n ac tiv e  su rfa c ta n ts  [9], th u s  a ssoc ia tion  
o f  th e  su rfa c ta n t m olecules w ill be th e  p rin c ip a l process to  affect p a r ti t io n in g  
e q u ilib r iu m . F o r th e  sake  o f  com parison  also th e  p a r titio n in g  o f  saccharose  
a  n o n -assoc iab le  c o m p o n en t t h a t  has ab o u t th e  sam e m olar vo lum e as D T A B , 
is considered .

E xperim en ta l

Substances

P Y A , (Rhodoviol 60/20) average relative m olecular m ass 2.105, acetate conten t 3 m ole 
per c en t, was used. Prior to the preparation of the gel the polym er was purified in  the usual 
w a y  to  rem ove acetate groups [8].

D T A B , (Serva, H eidelberg) w as several lim es recrystallized from an aceto n e—benzene 
m ix tu re .

Saccharose, com mercial produ ct, was recrystallized from  aqueous solutions.
T he succinic dialdehyde, S D A , used for cross-linking, w as prepared from 2,5-d im ethoxy- 

-tetrahydrofurane by m eans o f hydrolysis w ith  concentrated hydrochloric acid. SD A  was 
recovered  by extraction w ith  ether; th is crude product was distilled under atm ospheric then  
un d er  reduced pressure. SD A  w as stored as a concentrated solution  in water. The com position  
o f  th is  so lution  was determ ined b y  titration  w ith a 0.1 N  solution  of H 2S 0 4 in the presence of 
N a H S 0 3.

In  all cases solutions were prepared w ith distilled water.

Preparation of the gel

Three series of gels, denoted b y  A , B , and C were prepared from PVA solutions containing  
4 , 8, an d  10 per cent by w eight o f  th e  polym er, respectively a t various ratios of P Y A  to SDA. 
F irst , th e  calculated am ount o f S D A  to the intensively  agitated  solution of the polym er, then  
hyd roch lor ic  acid to reach pH  =  1.5 was added.

0.5 cm  thick layers from  th e  hom ogeneous m ixture were poured into p lexi glass frames 
m a d e for th is purpose. After com pletion  of the gelation process the gel-plates were cu t into  
p ieces to  edge lengths of 1.5 to  2 .0  cm  and then these were extracted  w ith d istilled  water. 
T he p u r ity  o f the water in equilibrium  w ith the gel pieces was checked by interferom etry. 
C haracteristics of the gels are co llected  in  Table I. Ip th is paper only studies on gels o f  the  
series В  and C are discussed.

D eterm ination of the weight degree o f swelling

T he m ass o f the gel pieces ta k en  out o f the sw elling m edium  was weighed on an a n a ly ti
cal b a la n ce , after careful drying o f their  surface w ith b lotting  paper. The non-volatile diffusible  
co m p o n en t o f the gels was ex tracted  w ith  distilled w ater and then  the specim ens were dried
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in vacuum  at 333 K , then also the dry polym er m ass w as w eighed. The ratio o f sw ollen m ass 
to dry one is the weight degree of swelling; the reciprocal o f  th is quantity is the w eight fraction  
of polym er in the gel.

Table I

Characteristics o f P V A  hydrogels

Ser. n°.
A В C

Qc W° Qc w i Qc Wi

l 0.0029 3.80 0.0013 6.10 0.0010 5.80

2 0.0051 5.10 0.0043 11.40 0.0031 10.00

3 0.0077 7.00 0.0071 13.30 0.0130 15.00

4 0.0100 8.10 0.0100 15.40 0.0120 18.10

Qc ratio o f am ounts (m oles) of SDA and PVA in the system  (in the case o f the polym er  
this means that mass calculated on the basis of the m olecular m ass o f the monomer unit) 

polymer content (per cent by weight) o f gel in  equilibrium with pure water.

Sorption m easu rem en ts

From gel-plates o f know n com position sam ples were weighed on an analytical balance  
into test tubes, 10 m L capacity  each, and provided w ith  rubber stoppers, so as to  have 0.1 . .  . 
0.2 g the polym er in the system . Also on an analytical balance, DTA B, or saccharose, solutions  
were weighed on to the gels so that a 50 : 1 ratio o f to ta l solution  w ith the m ass o f water in the  
gel included to the m ass o f the dry polym er should be obtained. The test tubes were then  
carefully sealed and kept a t 298 К  till equilibrium  w as established (separate studies show ed  
five  days to be needed for this).

The com position of the solution in equilibrium  w ith  the swollen gel was determ ined  
w ith  a liquid-interferom eter type ITR-2 and w ith the help  o f a calibration curve. The sensitiv 
ity  was i  0.002 per cent by weight for one scale div ision  w hen cuvettes o f 0.5 or 1.0 cm  were 
used. The instrum ent was kept at constant 298 ± 0 . 1  К  tem perature during m easurem ents. 
The interferom eter scale was read to an accuracy o f +  1 division. All in all, according to n u 
m erous tests carried out w ith  m any system s, the concentrations of the solutions could ’ i  
determ ined to an accuracy o f ±± 0.01 per cent by w eight.

C alculation  of th e  d a ta  ch arac te ris tic  o f th e  sorption

Sorption param eter y w for one ~f the com ponents (for solute in our case) was calculated  
on the basis o f  the equation

100 mp

where JVj 2 is the in itial concentration of the solute in  the system  (per cent by w eight) referred 
to the m0 m ass of the solution; lFe 2 is the equilibrium  concentration in the supernatant; mp is 
the m ass o f the polym er in the system .

If  the sorption isotherm  i.e. the y w — f ( l f e) fun ction  and the dependence o f the qw 
w eight degree of sw elling on equilibrium concentration is known then the 1 t v !■ concentration  
in the gel o f the diffusible com ponent к partitioned betw een  solution and gel phases can be given  
as

Wgjc — W e k + 100 Vw,k
<lw — 1

the m aterial balance relevant to the system  being here utilized. On the basis o f th is equation  
the partitioning isotherm  TFg =  f( lFt.) can be constructed  from experim ental data.
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R esu lts

A s fu n d am en ta l e x p e rim e n ta l d a ta  th e  so rp tio n  iso therm s o f D T A B  and  
o f  sacch aro se  are show n  in  F igs 1 a n d  2 ; th e  dependence o f S v values 

g  s o lu tio n  bound
on th e  e q u ilib riu m  c o n c e n tra tio n  of D TA B in  th e  PY A  —

g po lim er
— D T A B  —w ater sy stem , is show n in  F ig . 3. C om position  co rresp o n d in g  to

Fig. 1. The sorption  of DTAB on C-type PYA hydrogels

Fig. 2. The sorption  o f saccharose on В -type PYA hydrogels
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c ritic a l m icelle-form ation  c o n cen tra tio n , c.m .c. [10] is m ark ed  b y  arrow s on 
th e  D TA B  iso therm s. F ig u re  4 shows p a r titio n in g  iso th e rm s for th e  D T A B  —w a
te r  sy stem , ca lcu la ted  from  sm oo thed  so rp tio n  iso th e rm s. F o r saccharose , i t  is 
on ly  a form er ex perience  [11] th a t  allows us to  say  th a t  qw m ono tonously  
decreases, th o u g h  b y  dec rem en ts  h a rd ly  su rp asses  ex p erim en ta l e rro r , in  a 
c o n cen tra tio n  ran g e  w h ich  is com parab le  w ith  t h a t  o f D TA B .

Fig. 3. The dependence of Sr values on DTAB equilibrium  concentration for C-type PVA
hydrogels

Fig. 4. P artition ing isotherms of D TA B on  PVA hydrogels
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B ased  upon so rp tio n  iso th e rm s  re le v a n t e ith e r  to  D TA B  o r to  saccharose , 
i t  c a n  be  said  th a t  th e ir  sh a p e  — a t  leas t in  th e  m a jo r ity  of th e  cases te s te d  — 
p a r t ly  satisfies e x p e c ta tio n : fo r D T A B , th e  so rp tio n  iso th e rm  passes in to  th e  
n e g a tiv e  range in  th e  reg io n  o f c.m .c. due to  th e  exclusion  fro m  th e  gel th e  
a sso c ia te s  form ed; for sacch aro se  th e  en tire  so rp tio n  iso th e rm  re le v a n t  to  th e  
ra n g e  o f  com positions s tu d ie d  ru n s  in  th e  n e g a tiv e  dom ain .

W e should  like to  em p h asize  here  th a t  in  th is  w ork  we do n o t  d ea l w ith  
th e  ano m alo u s, b y  th e o re tic a l ap p ro ach  n o t y e t  in te rp re ta b le  sec tio n s o f th e  
s o rp tio n  iso therm s. T his m a y  be  rese rv ed  fo r fu tu re  co m m u n ica tio n s in  w hich 
a lso  m o re  recen t ex periences w ill be rep o rted .

D iscussion

I n  a previous c o m m u n ic a tio n  [12] we h a v e  show n th a t  th e  te rm  fo r th e  
c h e m ic a l p o ten tia l o f th e  so lv en t in  th e  b in a ry  gel-phase sh o u ld  co n ta in  
m in im u m  tw o m em bers o f  chem ical p o te n tia l (p rinc ip le  of co m p en sa tio n ). 
T h a t  m eans th a t  th e  ch an g e  w ith  vo lum e o f th e  H e lm h o ltz -en e rg y  o f  th e  
sem i-o p en  system  (gel-phase) can  be  reso lved  — ow ing to  a c o n s id e ra tio n  o f  the  
p rocesses th a t  ta k e  place — in to  tw o  p ressu re  o r chem ical p o te n tia l  com po
n e n ts  w ith  opposite  sings. F o r  th e  diffusib le co m p o n en t 1

Mi =  M°i +  A P { V )  v x (1)

w h ere  A P (V )  =
Э A A  1 
d V  I

, an d
Г,  n B

V i =
dV

d n i l :
th e  p a r t ia l  m olar vo lum e o f  th e  so lven t. (H ere  we w ish  to  n o te  t h a t  w ith  
sy s te m s  o f th is  ty p e  we c a lc u la te  only  w ith  changes of vo lum e d u e  to  th e  
e ffec t o f  a change in  th e  a m o u n t o f  th e  diffusib le co m ponen t; th u s , h a v in g  an  
u n e q u iv o c a l co rre la tion  b e tw e e n  V  an d  n l in  a n  incom pressib le  sy s te m , we 
c a n  g en era lly  w rite  A  =  f (  F^n^)). T herefore, a n d  using  th e  ch a in -ru le , th e

te rm
f d  A  A I d V

l d V 1 9«!
gives th e  chem ical p o te n tia l o f co m p o n en t 1. F o rm ally ,

th is  is th e  p ro d u c t of p re ssu re  a n d  o f th e  p a r tia l  m o la r vo lum e o f th e  so lven t.)
W h e n  a b in a ry  m ix tu re  is in  equ ilib rium  w ith  th e  gel ph ase  in s te a d  of a 

p u re  so lv en t, th e  d iscussion  p roceeds essen tia lly  on th e  sam e lin e . I n  th e  
s im p le s t case the  c o n c e n tra tio n s  o f  th e  d iffusib le com ponen ts in  th e  e x te rn a l 
m ix e d  phase  and  in  th e  g e l-vo lum e occupied b y  th e  so lven t are th e  sam e.

G enera lly , for co m p o n e n t 1

/Ь.(сг) —  M l , e l(C3) +  M l ,  mix(c2’ с з) • (2)
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H ere  c2 s tan d s  for th e  o th e r c o m p o n en t, c3 for th e  p o ly m er-co n cen tra tio n  in  
th e  gel an d  fix ,е|(сз) for th a t  p a r t  o f th e  chem ical p o ten tia l w hich  is d u e  to  th e  
e lastic  response of th e  n e tw o rk  an d  [ix mix(c2, сз) f ° r th a t  p a r t  o f i t  w h ich  is due 
to  th e  m ix ing  o f th e  com ponen ts. S ince th e  equ ilib rium  requ ires e q u a li ty  o f th e  
chem ica l p o ten tia ls  of b o th  d iffusib le  co m p o n en ts  in  b o th  su b sy stem s we m u st 
h av e

Pl =  Pi. mix(c2> C3) +  -F*el( V ) V 1 » and

Pi — /*2,mix(Cl> сг) +  -Pel(^) ^2 • (3)

In  e q u a tio n  (I) th e  s ta n d a rd  va lu e  o f th e  chem ical p o te n tia l  o f  th e  
so lv en t w as ta k e n  to  be th e  v alue  o f th e  p u re  com ponen t re fe rred  to  P e] =  0 . 
S ince som e po lym er is a lw ays p re se n t in  th e  gel, th a t  p a r t  o f ц х in  th e  te rn a ry  
su b sy stem  w hich depends on c3 c a n n o t be le ft o u t of accoun t. T h e re fo re  in  th is  
case choosing th e  s ta n d a r t  chem ical p o te n tia l  o f com ponents 1 an d  2  is d ifficu lt. 
O f course th e  c3 —► 0 tra n s it io n  can  be  a fo rm al so lu tion  b u t  p r in c ip a lly  i t  is 
n o t rea lizab le  in  th e  case o f n e tw o rk s. F u r th e r  d ifficulties are  cau sed  (an d  th is  
ap p ro ach es re a lity  th e  m ost closely) b y  th e  d ifferen t in te ra c tio n s  o f th e  
d iffusib le  com ponen ts w ith  th e  p o ly m er in  th e  gel phase, or b y  com p o sitio n  
d ifference of th e  tw o p a r ts  of th e  sy s te m  due to  o th e r fac to rs, i.e. th e  p h en o m 
enon  o f selective so lv a tio n  (so rp tio n ) em erges. F rom  th e  p o in t o f  a  q u a n ti
ta t iv e  descrip tion  here  th e  on ly  e x p e d ie n t m eth o d  w ould be a d e te rm in a tio n  
o f  th e  ex trem e  v alue  o f th e  fu n c tio n  w h ich  expresses th e  H e lm h o ltz -en e rg y  of 
th e  overall system  b y  m eans o f all th e  im p o r ta n t  pa ram ete rs . L ack  o f  concre te  
th e rm o d y n am ica l d a ta  on th e  one h a n d , invo lved  m a th em a tica l d iff icu ltie s  on 
th e  o th e r, w ould n o t allow  th is  d e te rm in a tio n  to  succeed b u t  in  sing le  cases 
a n d  a t  th e  price of gross sim p lifica tio n s.

P o u c h l y  e t  al. [5 ]  have c a lc u la te d  a few  cases accord ing  to  th e  F lory- 
-H u g g ias  m od ;1 of so lu tions, w ith  a n  ex ten s io n  so as to  acco u n t a lso  fo r th e  
v a rio u s aspects of a sso c ia tio n -so lv a ta tio n  o f  th e  com ponen ts o f th e  so lven t. 
T hese  calcu la tions h av e  show n th a t  a n eg a tiv e  selective so rp tio n  in  re sp ec t o f 
th e  diffusib le co m ponen t w ith  g re a te r  m o lecu lar vo lum e m a y  b e  ex p ec ted  
w hen  no specific in te ra c tio n  b e tw een  th e  com ponen ts is e ffec tive. O bv iously , 
th is  is a tr iv ia l consequence also o f  E q . (1). T hen  to ta l  so rp tio n  (degree of 
sw elling) decreases m o n o tonously  w ith  th e  co n cen tra tio n  o f th e  co m p o n en t 
w ith  g rea te r m olar vo lum e (p a r tia l “ desw elling”  effect). I f  one o f  th e  com po
n e n ts  is capab le  of self-association  a n d  i t  so lvates th e  po lym er c h a in  w hen  th e  
o th e r  com ponen t behaves like an  in d iffe re n t so lven t th e n  so lv a ta tio n  iso therm s 
s ta r t  in  th e  positive  dom ain  a n d  ch an g e  sign  la te r  on. Also a n  e x tre m e  or 
lim it va lu e  is found  fo r th e  d ep en d en ce  o f degree o f swelling from  th e  com posi
t io n  o f th e  m ix tu re : th e  m ax im u m  is lo c a te d  n ear th e  so rp tio n  azeo tro p e .
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T h e  au thors c ited  a b o v e  h av e  proposed  a su g g estiv e  illu s tra tio n  w hich  
em p h asizes  th e  essen tia l f e a tu re s  of the  severa l ty p ic a l  cases; th e ir  p roposa l 
■will b e  used  here w ith  s l ig h t  a lte ra tions.

F u n d am en ta lly , tw o  fe a tu re s  of a te rn a ry  sy s te m  of th is  ty p e  m u st be 
e x p re sse d  b y  an a d e q u a te  illu s tra tio n . One is ho w  th e  degree of sw elling 
( to ta l  sorp tion) changes o r h o w  th e  volum e fra c tio n  o f  th e  po lym er changes as a 
fu n c tio n  of th e  com po sitio n  o f  th e  m ix tu re ; th e  o th e r  is how  th e  d ifference o f  
c o n c e n tra tio n s  changes b e tw e e n  th e  tw o p a r ts  o f  th e  system  (p refe ren tia l 
so rp tio n )  as a function  o f  th e  com position  of th e  m ix tu re  an d  polym er c o n te n t.

E xpressed  in  w e ig h t fra c tio n s , the p re fe re n tia l so rp tio n  accord ing  to  th e  
a u th o rs  quo ted  can be  w r i t te n

e »’,2  =  Щ  —  Щ . 0

w h e re  w'2 = ------ ----- ; th e  in d e x  2 refers to  th e  d isso lv ed  substance , i.e. D T A B
i v x - f  tc 2

or saccharose  in our cases, th e  index  0 refers to  th e  space  w here no po lym er is 
p re s e n t . T hus the  c o rre sp o n d in g  poin ts, i.e. th o se  w h ich  charac terize  th e  
e q u ilib riu m , can be p lo t te d ,  su itab ly  on a w 3 =  f(w'2) d iag ram . W h en  th e  
w 3 vs  ic2 function  is p lo tte d  fo r  gels a t various degrees o f cross-linking an d  th e  
p o in ts  are  jo ined in  v e r tic a l d irec tio n , wa as th e  fu n c tio n  o f w'2 is ob ta in ed . T he 
v a lu e  fo r ic3 =  0, or w h en  p o ly m er c o n c e n tra tio n  is zero, corresponds to  a 
g iv e n  Wo o 'ew 2 can be d e te rm in e d  from  th e  d e v ia tio n  o f th e  fo rm er cu rve  from  
th e  v e r tic a l line set u p  a t  th is  p o in t and also how  th is  depends on w 3 can  be  
re a d  o ff im m ediately . J o in in g  th e  co rre la ted  p o in ts  in  h o rizon ta l d irec tion  
p ro d u c e s  th e  levels o f  th e  o sm otic  pressures w h ich  a re  n ea rly  th e  sam e, i.e. 
th e  o sm otic  isobars fo r th e  netw orks.

I f  one of the  c o m p o n e n ts  is likely to  fo rm  self-associa tes th e n  th e  v e rtic a l 
c u rv e s  charac teristic  o f se le c tiv e  sorp tion  w ill co n v erg e , accord ing  to  n u m erica l 
c a lc u la tio n s  [5]. No re su lts  in  connexion w ith  fu r th e r  s tud ies of th is  questio n  
a re  to  be found in  th e  l i te r a tu r e .

C onsidering th e  sy s te m  D T A B  —w ater, i t  seem s to  be clear ( cf. p a r t i t io n 
in g  iso th e rm s on Fig. 4) t h a t  th e re  exists a ra n g e  o f  co n cen tra tio n s of D TA B  
w h ic h  corresponds to  a fa ir ly  good ap p ro x im atio n  to  th e  dom ain  w here D T A B - 
-m ice lles  are nearly  c o m p le te ly  excluded. T he b eg in n in g  o f th e  range o f con
c e n tra t io n  w hich co rre sp o n d s  to  th is  exclusion is in  th e  v ic in ity  of th e  c ritica l 
c o n c e n tra tio n  of m icelle fo rm a tio n  of the  s u r fa c ta n t. O n th e  o ther h an d  wre see 
a  su rp ris in g  tendency , a l r e a d y  observed on th e  so rp tio n  iso therm s, th a t  th e  
less th e  degree of c ro ss lin k in g  th e  lower th e  D T A B -co n cen tra tio n  a t  w hich  
e x c lu s io n  begins. A p ro b a b le  exp lan a tio n  is t h a t  th e  hom ogeneity  of gels 
c h a n g e s  w ith  increasing  d e g re e  o f cross link ing , o r t h a t  p a r t  of th e  m icelles 
p e n e tra te s  in to  th e  gel. A n o th e r  experience w o r th  m en tio n in g  is th a t  non- 
a sso c ia te d  DTAB m olecules, th o u g h  considerab ly  m o re  vo lum inous th a n  w a te r .
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arc  n o t excluded  from  th e  gel. T h is effect can  be in te rp re te d  as a c o m p e titiv e  
in te ra c tio n  b e tw een  D TA B an d  PV A ; th a t  inc ludes an  effect, a t t r ib u ta b le  to  
co m pounds of th is  ty p e , p e rh a p s  fav o u rab le  for PV A , th a t  m odifies th e  s tru c 
tu re  o f w ate r.

T he te rn a ry  d iag ram s d iscussed  in  d e ta il in  th e  p reced ing  p a r t  are 
show n for D T A B —w ate r, or sa c c h a ro se —w a te r  system s, on F igs 5 a n d  6 . 
In  b o th  in s tan ces  лее left th e  sm all, th o u g h  m easu rab le  change o f th e  w eigh t 
degree of sw elling ou t o f a cco u n t. T here  ex ists a sh arp  difference b e tw e e n  th e  
ttvo  system s in  th e  sam e ran g e  o f co n cen tra tio n s : th e  lines c h a ra c te r is tic  of

J .00 2,00
Wj'-IO2

Fig. 5. The selective sorption curves and the approxim ate osm otic isobars for PVA water
— DTAB system s

Fig. 6. The selective sorption curves and the approxim ate osm otic isobars for PV A  water
— saccharose system s
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se le c tiv e  sorption  o f D T A B  a re  defin ite ly  c o n v e rg e n t: th e  position  o f  th e  g re a t
e s t  d e n s ity  of lines co rre sp o n d s  qu ite  well to  c .m .c . T h ereb y  th e  p a r titio n in g  
b e h a v io u r  of te rn a ry  sy s te m s  o f th is ty p e  h as  b e e n  ex p erim en ta lly  show n th e  
f i r s t  tim e .

T h e  more d e ta ile d  ca lcu la tio n s of th e  a u th o rs  re fe rred  to  dea l w ith  
s y s te m s  w hich are in f in i te ly  d ilu te  in  resp ec t o f  th e  p o lym er. A  q u a n ti ty , can  be 
d e f in e d  in  th is  case w h ic h  is  charac teris tic  fo r th e  selective so rp tion ,

A w2 =  l*m
IV,—0

£ iv, 2 

W3 .
(5)

a n d  i t  is calculable as a  fu n c tio n  of th e  co m p o sitio n  o f th e  m ix tu re  w ith  ce rta in  
s im p lify in g  assum ptions. I f  no  specific in te ra c tio n s , e.g. s tro n g  dipole—-dipole, 
o r  h y d ro g en  bond ing  e ffec t op e ra te  in  th e  sy s te m , th e n , ap p ro x im a te ly ,

A Wi 2 —
r iM’i,o +  r2w 20

« 1 ,0  *^2,0 (6)

H e re  r1 an d  r2 rep re sen t th e  average  (by  w e ig h t!) size o f th e  associates fo rm ed  
f ro m  com ponents 1 a n d  2 , exp ressed  w ith  vo lu m es o f  th e  base-segm ent o f th e  
la t t ic e  m odel. (Since in  th e  p re se n t case th e  d en sitie s  o f th e  com ponen ts do n o t 
g r e a t ly  differ from  u n i ty ,  w h ich  corresponds to  w a te r , an d  because E q . (6) 
is a n  ap p ro x im ativ e  one i t  w as n o t necessary  to  c o rre c t th e  d a ta  fo r th e  d en 
s itie s  o f  th e  com ponen ts.)

I f  com ponent 1, i.e . w a te r , is selected to  b e  th e  basic  u n it, th e n

r =  - ,  and
ri

A  _  1 —  Г
------------------ Z------- ® 1 ,0 M2 ,0 -

w’l.o +  rw 20
(?)

S ince  fo r system s s tu d ie d  гс2 0 nq 0, an d  w 1 0 -f- w2 0 =  1,

A IV, 2
(1 r )w 2 о 
1 +  r w 2 о

( 8)

T h e  a p p ro p ria te  m o lecu la r m ass  (308 for n o n -a sso c ia te d  D TA B ) being  ta k e n  
in  co n sid e ra tio n , in  th e  c o n c e n tra tio n  range be low  c.m .c . r  ^  17, an d  above 
c .m .c . th e  d a ta  given in  T a b le  I I  are re le v a n t. T h e  la te r  are ca lcu la ted  for 
b i-d isp e rse  system s, w ith  m o lecu la r m ass 15400 [13] a n d  m icellar co n cen tra tio n  
o f  mi2>0 — ^ 2,0 c.m.c? a n d  f ° r  a  co n stan t c o n c e n tra tio n , nq,о c.m.c ° f  non- 
a s so c ia te d  DTAB.
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Tabic II

Change o f r in the concentration range above c.m.c. (calculated data)

w», о *̂ 8,0 c.m.c. 7

5.10-* 700

Ч11Оin 760

35 .1 0 -1 780

5 5 .1 0 -4 790

Fig. 7. Measured and calculated sorption isotherm s for D T A B

Tli3 ap p lica tio n  o f  e q u a tio n  (8) is illu s tra te d  b y  F ig . 7, w here the  
d ev ia tio n s  o f d a ta  fo u n d  from  d a ta  ca lcu la ted  is n ea rly  o f one o rd e r  o f m agni
tu d e . In  th e  c o n cen tra tio n  ran g e  0 <  we <. 0 .01, p a rtitio n in g  iso th e rm s give 
a re la tiv e ly  real p ic tu re  o f th e  p re se n tly  accep ted  view  o f th e  self-association  
o f such  substances [14], th u s  th e  g re a t d isc rep an cy  betw een  d a ta  ca lc u la ted  and 
d a ta  fo u n d  can n o t be ex p la in ed  on th e  basis o f gel s tru c tu re . W c a tte m p te d  
th e  w 3 —► 0 e x tra p o la tio n  from  av a ilab le  d a ta , b u t  th is  d id  n o t  s ig n ifican tly  
im prove  th e  s itu a tio n  on F ig . 7, e ith e r.

*

My thanks are due to  P ro f. E rvin  W o lfram  for reading the m anuscript, and to  Mrs. L. 
J a k sity  for technical help in th e  preparation o f it .
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O ptim ization o f the evaluation  in the spectrographic analytical m eth od  developed  
for purposes o f  pollution control is described. Results in reducing errors in density  
m easurem ents, in increasing the range o f density  m easurem ents and also  in the cali
bration of em ulsion (included the independence of evaluation by /-transform ation from 
the type of m icrodensitom eter as well as the photographic and photom etric relationships 
established for spectral lines and the background), and com puter program m es elaborated 
for spectrographic evaluation  by the application of m athem atical sta tistica l m ethods 
have been used. In this w ay, while the precision of analytical results has been m aintain
ed, the accuracy o f analysis could be increased in a concentration range of 0.5 — 1 
order of m agnitude wider as com pared to conventional procedures.

1. Introduction

As in  p rev ious p ap ers  of th is  series [1 —7] i t  has been  p re se n te d  the 
lig h t in te n s ity  range m easu red  b y  p h o to g rap h ic  m ethod  as w ell as th e  accuracy 
o f in te n s ity  m easu rem en ts  are  d e te rm in ed  b y  th e  in te ra c tio n  o f  p h o to g rap h ic  
a n d  p h o to m etric  fac to rs . R ed u c in g  th e  ran d o m  an d  sy s te m a tic  errors of 
d e n s ity  m easu rem en ts  th e  m easu ring  ran g e  of th e  c o n v en tio n a l ty p e  m icro
den sito m eters  can  be do u b led , i.e. up  to  d en sity  4.0 [2, 3]. T h e  ran g e  o f the 
b lacken ing  curve ap p licab le  for lig h t in te n s ity  m easu rem en t u sed  to  be  narrow - 
e r  th a n  th e  m easu rin g  ran g e  o f th e  m ic ro d en sito m ete r: d e n s ity  S LLi rep resen t
in g  th e  up p er lim it o f th e  s tra ig h t sec tio n  o f b lacken ing  c u rv e , is in fluenced  
b y  th e  ty p e  o f sp e c tru m  (line, or co n tin u o u s), conditions o f its  reco rd in g , and 
th e  p h o to g rap h ic  em ulsion  as well ( f irs t o f all its y -value) [5]. I n  th e  case of

* Previous paper: K . F l ó r i á n , N. P l i e S o v s k á : Acta Chim. Acad. Sei. H ung., 103, 301
(1980).

Papers o f this series are sim ultaneously published in Magyar K ém iai Folyóirat in 
H ungarian language.
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d e n s itie s  low er th a n  th o se  o f  S LL th e  /- tra n s fo rm a tio n  can  he used w ith  u n 
c h a n g e d  precision even  in  th e  e x ten d ed  range [4, 6 ]. T h e  slope o f th e  b lacken ing  
c u rv e s  determ ined  b y  lin e  s p e c tra  is higher th a n  th e  у -value  referring  to  th e  
c o n tin u o u s  spectra . T h e  d iffe ren ce  of th e  tw o  у -v a lu es  depends on th e  ty p e  
a n d  cond itio n  of em u lsio n  a n d  decreases w ith  th e  increase  of b ack g ro u n d  
d e n s ity  [7].

O u r previous p u b lic a t io n  rep o rted  on th e  e ff ic ien cy  o f  th e  sp ec tro g rap h ic  
a n a ly tic a l  m ethod  e la b o ra te d  fo r  po llu tion  con tro l se rv in g  fo r th e  d e te rm in a tio n  
o f  15 elem ents in  th e  case o f  conven tional e v a lu a tio n  [1]. This serves as th e  
b a s is  o f  com parison to  th e  op tim iza tio n  to  be  re a c h e d  b y  th e  u p - to -d a te  
m ic ro d en sito m ete r o f w ide  m e a su rin g  range [3] a n d  b y  u s in g  th e  above th e o re t
ic a l re su lts .

2 4 0  HELTAI et al.: INFLUENCE OF PHOTOGRAPHIC AND PHOTOMETRIC EFFECTS, VIII

2. E xperim ental

T he complete calibration  o f  the described analytica l m ethod serving for pollution  
contro l [1] was repeated so, as on  th e  spectra recorded on the spectral plate type ORWO W U  3 
th e  d en sity  was measured w ith  th e  up-to-date m ierodensitom eter typ e  G I I —M FK I [3]. In  
order to  be able to exam ine th e  in fluence  of emulsion, the spectra o f calibration sam ples have  
b een  recorded also on a spectral p la te , type Agfa-Gevaert 23 I) 50, under the given experim ental 
con d itio n s , and this plate w as also com pletely  evaluated b y  m easuring the density values w ith  
G II-M F K I m ierodensitom eter.

E fficiency of analytical m eth o d s have been characterized , in  this case too, b y  the  
fo llow in g  evaluating param eters:

a) cmax—emin concentration  ranges corresponding to  th e  lineal section of analytical
curves,

b ) B x  slopes o f these  a n a ly tica l curves,
c) sc/c [%] relative standard  deviation  values characteristic o f the relative precision of  

th e  m eth od ,
d) c values of detection  lim its ,
e) Ac [%] values ch aracteristic  o f the accuracy o f th e  m ethod , differences betw een  

concen trations calculated and m easured  are determined on th e  analysis o f samples o f known  
com position .

3. Results

O n th e  tw o ty p e s  o f  s p e c tra l  plates ap p lied  to  th e  experim en ts th e  y- 
-v a lu e s  determ ined  w ith  G  I I -M F K I  m ie ro d en sito m ete r are  p lo tte d  a g a in s t 
th e  w av e len g th  on F ig . 1. I t  c a n  be seen th a t  y -v a lu es  on  th e  sp ec tra l p la te  
ty p e  A gfa-G evaert 23 D  50 a re  considerably  h ig h e r  th a n  those on O R W O  
W U  3. U nder th e  g iven e x p e r im e n ta l conditions, S LL v a lu es  could n o t a lw ays 
b e  d e te rm in ed , how ever, a cc o rd in g  to  d a ta  a v a ila b le  S LL 2.50 a t  each  
w a v e le n g th , on b o th  p la te s . T h e  average к -value o f  p la te  ty p e  W U  3 is 0 .47 , 
w h ile  t h a t  o f p la te  ty p e  23 D  50 is 0.30 in  th e  w a v e le n g th  range exam ined .

T ab le  I  and I I  d e m o n s tra te  th e  ev a lua ting  p a ra m e te rs  o f th e  an a ly tica l 
m e th o d s  in  th e  case o f  e v a lu a tio n  of tw o p la te  ty p e s  b y  m ierodensitom eter 
G I I -M F K I . To m ake b e t t e r  com parison A  log cx lo g a rith m  co n cen tra tio n
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F ig . 1 .  Variation of у -values as a function  of w avelength (Orwo W U 3 and Agta-G evaert 23 D  50 
spectral p lates, G II — M FK I m icrodensitom eter)

Fig. 2. A log c% linear parts o f analytical curves, c detection  lim its (represented w ith  circles) 
and s j c  relative precision values obtained by spectral p lates and m icrodensitom eters o f  different

types
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Table I

Valuating parameters o f  the analytical method in the case o f  O n to  W U  3

L ine pair Ag 328 Ri 306 Co 345 Cr 302 Cu 282 Cu 327 Fe 302

P aram e te r Pd 325 In  303 Pd 325 P d  302 In  303 In  325 P d  302

c m a x  [ % ]  i 0.1 0.1 1.0 0.316 1.0 0.1 1.0

c m in [ % ] 0.000316 0.000316 0.00316 0.001 0.0316 0.000316 0.01

K x 0.714 0.885 0.938 0.959 0.978 0.863 0.707

s j c  [ % ] 9.4 7.5 13.0 6.3 8.6 19.9 7.0

c [ppm ] 0.03 6.1 71 6.5 364 0.6 (2.1)

A c  [ % ]  I. — 4.7 - 10.6 - 21.2 10.3

II. 9.5 3.1 36.6 18.9 — 13.4 —

ra n g e s  co rresponding  to  th e  lin ea r  range  o f  th e  an a ly tica l cu rves, sc/c [% ] 
s ta n d a r d  dev ia tion  va lu es  a n d  c de tec tio n  lim it  va lues are p lo tte d  side b y  side 
e le m e n t b y  elem ent in  F ig . 2. V alues o b ta in e d  b y  conven tional m ic ro d en sito 
m e te r  Zeiss G I I  from  p la te  ty p e  W U  3 h av e  also  been  show n on th e  f ig u re  [1]. 
I n  a d d it io n  to  th is , in  th e  ab o v e  th ree  cases th e  average  linear A log cx  range 
o f  th e  an a ly tica l cu rves, th e  v a lu e  of th e  m ean  sc/c [% ] s ta n d a rd  dev ia tio n *  
a n d  th e  average Ac [% ] d ifference o f co n c e n tra tio n s  de te rm ined  in  co n tro l 
sa m p le s  from  th e  co rrec t v a lu e  (Table I I I )  w ere also ca lcu la ted . T h e  la s t  line 
o f  th e  ta b le  d em o n stra te s  t h a t  from  am o n g  th e  2 x 1 5  =  30 c o n c e n tra tio n  
m e a su re m e n ts  to  he p e rfo rm ed  in  th e  tw o  c o n tro l sam ples in  how  m a n y  cases 
c a n  th e  d e te rm in a tio n  be p e rfo rm ed .

4. Conclusions

4 .1 . E xten sio n  o f  the l im it  o f  measurement

T h e  extension o f th e  u p p e r  m easu rin g  lim it  of th e  m ic ro d en sito m e te r 
in v o lv e s  a considerable in c rea se  in  th e  lin e a r  ra n g e  o f th e  an a ly tica l c u rv e  b est 
u t i l iz e d  fo r analysis. O ne c a n  see on th e  p la te  ty p e  O RW O  W U  3 t h a t  th e  
a n a ly t ic a l  curves d e te rm in e d  b y  m ic ro d en sito m e te r G II -M F K I fre q u e n tly  
a re  c o n tin u e d  to w ard s h ig h  co n cen tra tio n s  ev en  th e n , if  using  c o n v en tio n a l 
G I I  a p p a ra tu s , a lread y  a b en d in g  can be o b se rv ed  or th e  densities a re  too  
h ig h , a n d  no t m easu rab le , resp . H ow ever, w h en  app ly in g  p h o to g rap h ic  em u l
s io n  o f  h igher y-value — d u e  to  p h o to g rap h ic  a n d  p h o to m etric  causes d e ta iled  
e a r l ie r  — linear a n a ly tic a l cu rv es  can  he o b ta in e d  on ly  in  narrow er co n cen tra -

* The unexpectedly high va lues o f standard deviation  observed at copper determ ination  
ha v e  been  left out from calculation  of the average value.
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spectral plates measured by means o f  G I I  — M F K I  microdensitometer

Mn 279 Mo 313 Ni 300 P b  283 Sb 287 Sn 286 Ti 336 V 318 Zn 330
Pd 302 Pd 325 Pd 302 In  303 In  303 Pd 302 Pd 325 P d  325 In 325

0.1 0.1 1.0 0.1 1.0 1.0 0.316 0.316 1.0

0.001 0.001 0.00316 0.000316 0.00316 0.001 0.001 0.000316 0.1

1.069 0.951 0.864 0.751 1.030 0.961 0.946 0.927 0.822

8.0 4.4 16.6 11.5 14.0 5.8 6.7 6.0 18.6

0.9 5.3 4.8 2.5 47 6.1 18 5.9 6020

17.3 5.0 2.4 34.1 0.5 2.0 20.0 12.3 —

6.0 — 5.3 39.8 20.0 2.7 16.1 22.6 —

t io n  range  even w ith  m ic ro d en sito m ete rs  o f w ide m easuring  ra n g e . N am ely, 
th e  S LL-values gained b y  m ic ro d en sito m e te r  G II-M F K I do n o t  d iffe r essen
tia lly  for th e  tivo p la te  ty p e s , b u t  because o f th e  g rea te r у -v a lu e , th e  range  of 
lo g a rith m  in te n s ity  m easu red  in  em ulsion  ty p e  23 D 50 is, e v id e n tly  narrow er. 
T h is fa c t is ex trem ely  d isa d v a n ta g e o u s , i f  only  co n v en tio n a l m ic ro d en sito 
m e te r  is availab le , as in  th is  case a t  h igher y-value th e  m easu rab le  c o n cen tra tio n  
range  is q u ite  narrow . T h is is rep re sen ted  b y  th e  an a ly tica l cu rv es  o f  Cr spectral 
lines a t 302.16 nm  (F ig . 3).

A t th e  com parison  o f A lo g c x values given in  T ab le  I I I  one has to  
ta k e  in to  considera tion  th a t  due  to  th e  d ifferen t in tensities o f  th e  an a ly tica l

Fig. 3. Analytical curves o f Cr 302.16 nm /Pd 302.80 nm line-pair as determ ined on Orwo WU 3 
and Agfa-Gevaert 23 D 50 spectral plates by m eans of G II and G II M FK I m icrodensito- 
m eters, resp. (In the case o f spectral plate type 23 D 50 and G II m icrodensitom eter, only the 
Pd 292.25 nm  reference line o f low est density could be measured, this causing displacem ent 

of the corresponding analytical curve)

5 A da  Chim. Acad. Sei. H ung. 106, 1981
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Table II

V aluating parameters of analytical method in  the case o f  Agfa-Gevaert

L ine pair Ag 328 B i 306 Co 345 Cr 302 Cu 282 Cu 327 Fe 302

P aram ete r Pd 325 In  303 Pd 325 Pd 302 In  303 In  325 P d  302

cmax [%1 0.01 0.1 1.0 0.316 1.0 0.1 1.0

cmin [% ] 0.000316 0.000316 0.001 0.001 0.1 0.000316 0.01

B X 0.839 0.867 1.083 0.994 0.973 0.864 0.749
s j c  [% ] 15.6 17.9 14.5 7.7 13.8 34.7 15.5
c [ppm ] 0.06 0.8

21
3.0 320 0.2 (0.8)

A c  [% ] I. - 11.3 — 5.9 — 20.2 17.6
II. 6.6 35.1 0.5 — 16.4 —

lin e s , exposure  cond itions o p tim a l for all sp e c tra l  lines can  n o t be fo u n d . 
T h u s , fro m  the  p h o to g ra p h ic a lly  m easurable in te n s i ty  ran g e  in  th e  case o f th e  
s in g le  sp ec tra l lines v a r io u s  in te rv a ls  can he u tiliz e d  ev en  b y  m icrodensitom e
te r s  o f  w ide m easuring ra n g e . A t th e  m u lti-e lem en t d e te rm in a tio n , th e  e x te n 
s io n  o f  m easuring ran g e  is ad v an tag eo u s  also fro m  th is  p o in t o f view. In  th e  
c a se  o f  h igh  co n cen tra tions, th e  slope of the  a n a ly tic a l cu rv e  m ay be decreased  
a lso  b y  self-absorption  in  a d d it io n  to  p h o to m etric  e ffec ts , th is  can, how ever, 
h e  t r u ly  judged  if  th e  m e a s u re d  density  values a re  low er th a n  S LL.

A bo v e  m entioned  a re  i l lu s tra te d  by  p re se n tin g  som e an a ly tica l cu rves, 
to o . D e n s ity  of spectral lin e  S n  286.33 nm  can  be  re g a rd e d  as op tim um  from  
th e  p o in t  of view of ex p o su re  o f  th e  p late  O RW O  W U  3, th e  h ighest m easu rab le  
d e n s i ty  falls close to  S LL w h e n  app ly ing  m ic ro d en s ito m e te r  G I I ,  so th e  a n a ly t
ic a l c u rv e  is linear from  th e  h ig h es t co n cen tra tio n s  dow nw ards th ro u g h  2.5 
o rd e rs  o f  m agnitude a n d  b y  3 orders in  th e  case  o f m icro d en sito m eter 
G  I I - M F K I  (Fig. 4a). O n th e  f ig u re  it  can  be seen  t h a t  on th e  p la te  A gfa- 
-G e v a c r t  23 D 50 th e  h ig h  d e n s itie s  can no t be m e a su re d  re liab ly  — because  
o f  t h e  sca tte re d  ligh t — a n d  to  th is  fact can  b e  a t t r ib u te d  th e  bend in g  of 
a n a ly t ic a l  curve tow ards h ig h  concen tra tions. T h e  m e a n  differences observed  
in  th e  th re e  com pared cases a re  w ell d em o n stra ted  b y  th e  an a ly tica l curves of 
N i 305 .08  nm  (Fig. 4b). T h e  an a ly tic a l curve go t o n  O R W O  W U  3 p la te  o f 
lo w e r у -value  b y  m eans o f  m ic ro d en sito m ete r G I I - M F K I  is linear even to  th e  
h ig h e s t  m easurable c o n c e n tra tio n s , while i t  b en d s  a t  a co n cen tra tio n  low er 
b y  o n e  o rder of m ag n itu d e  w h e n  evaluating  b y  th e  G I I  a p p a ra tu s . O n th e  
A g fa -G e v a e rt 23 D 50 p la te  l in e a r  range w as fo u n d  to  be h igher b y  a h a lf  
o rd e r  o f  m agn itude  c o m p a rin g  to  th e  la tte r  case. A t  la s t ,  th e  an a ly tica l curves 
o f  P b  283.31 nm  sp ec tra l lin e  d em o n stra te  on F ig . 4c th e  unam bigously  o b se rv 
a b le  se lf-absorp tion . In  all t h e  th ree  cases, th e  d en sitie s  are  low er th a n  S LL.
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23 D  50 spectral plates measured by means o f G I I  — M F K I  microdensitometer

Mn 279 Mo 313 Ni 300 Pb 283 Sb 287 Sn 286 Ti 336 V 318 Zn 330
Pd 302 Pd 325 Pel 302 In  303 In  303 Pd 302 Pel 325 Pd 325 In  325

0.0316 0.1 0.316 0.1 1.0 0.316 0.316 0.316 1.0

0.001 0.001 0.00316 0.000316 0.01 0.001 0.00316 0.001 0.1
1.021 0.977 1.000 0.861 0.906 1.041 0.993 0.965 0.776

14.7 9.2 4.8 12.7 12.8 5.5 12.0 6.7 11.5

0.02 1.6 4.8 1.2 30 3.8 13 3.0 1458
24.6 3.7 13.2 4.5 14.3 1.5 27.8 32.8 —

— 3.5 12.3 16.2 5.5 28.3 36.9 —

Table II I

Average values o f evaluating parameters o f the analytical method in the case o f spectral pla tes and
microdensitometers o f different types

Spectral plate Orwo WU 3 Orwo WU 3 Agfa-Gcvaert 23 D 50

Densitometer Zeiss G II G II M FK I G II M FK I

A log c x 1.63 2.40 2.10 (2.19)*

^  [ % ] 1 0 .1 9.6 11.7
c

Ac [ % ] 16.7 13.9 15.4

Num ber of
measurements 20 24 22

* In the case of background correction w ith two-y-m ethod

C om prehensively , i t  is to  be s ta te d  t h a t  fo r th e  increase o f th e  c o n c e n tra 
tio n  m easu rin g  ran g e  an d  fo r th e  m u lti-e lem en t analysis i t  is fa v o u ra b le  to  
e x te n d  th e  m easuring  ran g e  o f m ic ro d en sito m e te r and  to  use sp e c tra l p la te  
o f low er у-value , as well.

4.2. Slope o f  analytical curves

In  o p tim a l case _BX is eq u a l to  1. In  th e  3 com pared  cases th e  H x  va lu es  
are  id e n tic a l w ith in  th e  lim its  o f e x p e rim e n ta l e rro rs. T he m in o r d ifferences 
can  be  ex p la ined  f irs t o f all b y  th e  fa c t th a t  th e  d e te rm in a tio n s  h a v e  been

t5* Acta Chim. Acad. Sei. JIung. 106, 1981
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log cx

F ig. 4. A nalytical curves determ ined on Orwo \VU 3 spectral plate by means of G II and G 
II M FK I m icrodensitom eters, resp., and analytical curves determined on Agfa-G evaert 
23 D 50 spectral plate by m eans of the G II M FK I m icrodensitom eter: a) Sn 286.33 nm /Pd  
302.80 nm  line-pair, b) N i 305.08 nm /Pd 302.80 nm  line-pair, c) Pb 283.31 nm /In 303.94 nm

line-pair
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p erfo rm ed  in  d ifferen t c o n c e n tra tio n  ran g es an d  on th e  basis o f  m easu rin g  
p o in ts  o f  v a rio u s nu m b er. In  ad d itio n  to  th is , sp ec tra  on th e  p la te  23 D  50 w ere 
se p a ra te ly  recorded .

jBx -values o f various e lem ents o b ta in e d  b y  th e  com bination  o f  W U  3 an d  
G 11 fa ll w ith in  0.9 —1.1 in 5 cases, b y  th e  c o m b in a tio n  of W U  3 a n d  G I I -M F K I 
in  9 a n d  23 D 50 an d  G I I -M F K I in  10 cases. Slope of an a ly tica l cu rv es  p lo tte d  
in  w id er c o n cen tra tio n  range  in  av erag e  b e t te r  approaches th e  o p tim a l va lue .

4.3. Relative precision

In  th e  th re e  cases th e re  is no consid erab le  difference am o n g  th e  va lu es  
of re la tiv e  precision  of co n cen tra tio n  m easu rem en t. Value sc/c [% ] is so m ew h at 
sm alle r in  th e  case of O R W O  W U  3 —G I I -M F K I com bination  e n su r in g  th e  
w idest co n cen tra tio n  range, co m p ared  to  th e  o th e r cases.

4.4. D etection lim it

C onsidering  th e  de tec tio n  lim it v a lu es  show n in F ig . 2 th e y  seem  to  
co rresp o n d  to  th e  low er lim it*  o f th e  ex am in ab le  co n cen tra tion  ra n g e s , a n d  in 
m ost cases values got on p la te  ty p e  23 D 50 o f h igher у-values are  th e  lo w est. In  
sp ite  o f th is , th e  lin ear range  o f a n a ly tic a l cu rves ob ta ined  on th e  p la te  ty p e  
O R W O  W U  3 by  m ic ro d en sito m ete r G I I -M F K I is freq u en tly  (Cu, S b , T i, V) 
lo n g er to w ard s  th e  low er co n c e n tra tio n s , th a n  on th e  p la te  ty p e  23 D  50. 
P ro b a b ly  th e  reason  o f th is  is th a t  on th e  la t te r  p la te  th e  d ifference  be tw een  
th e  у -va lues of th e  line an d  c o n tin u o u s  sp ec tra  is no t neg lig ib le , th u s  th e  
p h o to g ra p h ic  de tec tio n  gives in  v a in  b e t te r  de tec tio n , owing to  th e  in a c c u ra te  
b a c k g ro u n d  correction  th e  low er sec tion  o f  th e  an a ly tica l cu rv e  is n o t  linear. 
S im ila r o b se rv a tio n  can  be m ade on F ig . 3, on th e  an a ly tica l c u rv e s  o f Cr 
302.16 nrn sp ec tra l line.

4.5. A ccuracy o f  analyses

F ro m  th e  p o in t o f view  o f accu racy  o f analyses i t  can  be  s ta te d  th a t  
va lu es  gained  on th e  p la te  O R W O  W U  3 b y  m icrodensitom eter G I I -M F K I 
are  th e  m ost favourab le . T he average  d e v ia tio n  Ac [% ] is th e  lo w est in  th is  case, 
w hile th e  n u m b e r o f co n cen tra tio n s  to  be d e te rm in ed  is th e  g re a te s t. T h is  version  
is fo llow ed b y  th e  co m bina tion  o f 23 D 50 an d  G II-M F K I a n d  a f te rw a rd s  
W U  3 a n d  G I I .

* W ith Ag and Fe a difference of tw o orders o f  m agnitude is to be observed  betw een  
the detection  lim it and the lower lim it o f  concentration range. The latter case can unam bigously  
be explained by the contam ination o f chem icals used, w hat corresponds to abou t 0.01%  Fe- 
-conten t. In the case o f Ag and although in a less ex ten t, at Cu, too, by all probab ility  excitation  
problem s are responsible for the differences [1].
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Sum m arizing th e  e a r lie r  m entioned we c a n  s ta te  th a t  by  ex ten d in g  th e  
m easu rin g  range o f  th e  m icro d en sito m eter th e  l in e a r  range  of an a ly tica l cu rv e  
b e s t  utilizable for a n a ly s is  c a n  also be s ig n if ic a n tly  in creased , while th e  ana lyses 
c a n  be carried  o u t w ith  th e  sam e precision a n d  ev en  h igher accu racy  th a n  b y  
m e a n s  of co n v en tio n a l m icrodensitom eters. T h e  in crease  of у-value o f p h o to 
g ra p h ic  em ulsion b rin g s  a lo n g  an  im p ro v em en t in  th e  de tec tion  lim it, how ever, 
th e  decrease of th e  e x a m in a b le  co n cen tra tio n  ra n g e  is a d raw back . K n o w in g  
th e  ch aracteristics o f  th e  m icrodensitom eter b e in g  a t  disposal th e  y -va lue  
( i.e. pho tograph ic  e m u ls io n ) has to  be chosen  so as a m ost favourab le  co m b i
n a t io n  of the  e x a m in a b le  concen tra tion  ra n g e  a n d  detec tio n  lim it cou ld  be 
ach iev ed .
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5. E x ten sio n  o f  th e  linear range  o f  th e  an a ly tica l curve

The an a ly tica l c u rv e  m ay  bend from  th e  s tr a ig h t  line because o f  se lf
a b so rp tio n  a t h ig h  c o n c e n tra tio n s , while a t  low  con cen tra tio n s due to  th e  

in a c c u ra te  b a ck g ro u n d  co rrec tio n *  even if  all d e n s ity  values lie in  th e  re lia b ly  
m easu rab le  range.

In  the case o f a g iv e n  analy tica l m e th o d  th is  effect can  be e lim in a ted  b y  
ch oosing  ap p ro p ria te  s p e c tra l  line and p h o to g ra p h ic  em ulsion. H ow ever, a t  
m u lti-e lem en t analy sis  i t  c a n  n o t always be e lim in a te d , occasionally  we o u g h t 
t o  a p p ly  se lf-abso rp tion  lin e s  and  p h o to g rap h ic  em ulsion  of h igher y -va lue . 
T h is  tim e  ex tension  o f  th e  lin e a r  range by  spec ia l co rrec tio n  m ay be n ecessary .

5 .1 . Investigation o f  self-absorption analytical lines

In  the  an a ly tic a l ch em ica l application  o f  th e  K e r e k e s  — Cs é t i  —  Á g  

e q u a tio n  [8] su itab le  fo r  th e  descrip tion  o f th e  se lf-abso rp tion  a d iff ic u lty  
a rise s , nam ely  in  th e  in te n s i ty  range co rresp o n d in g  to  self-absorp tion  th e o re t 
ic a l ly  tw o c o n cen tra tio n s  m ay  correspond to  th e  sam e line in te n s ity  v a lu e . 
S im p le r  are those m e th o d s  based  on m easu ring  th e  sp ec tra l line w id th , w h ich  
— accord ing  to  ex p erien ces  — are suitable to  p lo t u n am b ig u o u s  an a ly tica l cu rves 
in  th is  case, too [9, 10, 11 , 12]. R ecently , V e c s e r n y é s  an d  Z á r a y  [13, 14] 
o b ta in e d  linear a n a ly tic a l cu rv es  in  a w ide c o n c e n tra tio n  range b y  m easu rin g  
th e  in te g ra te d  d e n s ity  u n d e r  th e  line profile  in s te a d  o f d ensity  belong ing  to  
th e  p e a k  height o f s p e c tra l  line. K u b o v a  a n d  P l s k o  elim inated  th e  effect 
o f  self-absorp tion  on th e  a n a ly tic a l curve o b se rv e d  a t  h igh  con cen tra tio n s so, 
t h a t  th e  density  w as m e a s u re d  on the  wings o f th e  lin e  in s te a d  of its  m iddle [15].

* A t low concentrations, on e  has to take into consideration  also the blank value orig inat
in g  from  the contam ination o f  chem icals used, and e v en tu a lly  the interfering effect o f the  
co in cident line as well.
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In  th e  case of tw o  u n am b ig u o u sly  se lf-abso rp tional sp e c tra l lines: P b  
283.31 nm  and  Cu 327.45 n m  som e possib ilities o f an a ly tica l u tiliz a tio n  o f the  
se lf-abso rp tion  range  w ere in v es tig a ted . (

To these  m easu rem en ts  th e  G I l-M F K I a p p a ra tu s  w as c o n n e c te d  to  a 
reco rd e r an d  th e  specim en ta b le  w as m oved  w ith  a sincron m o to r co n tin u o u sly . 
T h e  sp ec tru m  p a rts  w ere ex am in ed  on O R W O  W U  3 p la te  b y  m eans o f  th is  
dev ice. T he s lit-w id tli o f m ic ro d en sito m ete r w as ad ju s ted  to  as n a rro w  as 
possib le  (ab o u t 0.10 m m ). C a lib ra tio n  o f em ulsion  was also re p e a te d  b y  th e  
re g is tra tio n  of th e  tw o -s tep  sp ec tra  a t  a d e q u a te  w av e len g th s . A lto g e th e r 
6 sp e c tra l lines w ere ex am in ed : P b  283.31 n m , Cu 327.45 n m , Sn 286.33 nm , 
I n  303.94 nm , In  325.86 n m , P d  302.80 nm . T he Sn-line is used  as co m p ara tiv e  
line  free from  se lf-ab so rp tio n , w hile p a llad iu m  an d  in d iu m  are  reference 
e lem en ts.

B ased  on th e  reco rd ed  sp ec tro g ram s th e  follow ing p a ra m e te rs  o f a n a ly t
ica l lines have  been d e te rm ined :*

a) B ased  on th e  d en sity  belong ing  to  th e  p eak -he igh t o f th e  line an d  on 
th e  va lu es  of b ack g ro u n d  densities, lx, / R an •1 Л Х. R values h av e  b een  ca lcu la ted  
b e long ing  to  th e  p eak  h e ig h t.

b) L ine w id th  values d j^ , d //10 an d  d v  h av e  been m easu red  a t  th e  half, 
t e n th  an d  b ack g ro u n d  level o f th e  sp ec tra l line in te n s ity  I x  =  m m  log lx 
b e long ing  to  p eak  h e ig h t.

c) V alue of a n a ly tic a l line w id th  da w as also m easured  a t  d e n s ity  co rre
sp o n d in g  to  th e  p eak  h e ig h t of th e  reference line In  325.61 n m  in  th e  case of 
Cu 327.45 nm , fu r th e r  on th e  dsj2 line w id th  a t  th e  h a lf  p a r t  o f  p e a k  h e igh t 
d en sity .

d) O n th e  basis of line w id th  m easu red  a t  v a rious in te n s ity  levels as well 
in te n s i ty  I x  belonging to  p eak  h e ig h t th e  a p p ro x im a te  v alue  o f  a re a  T x  u n d er 
th e  line profile has been  ca lcu la ted . As F ig . 5 shows th e  sp e c tra l  line  was 
d iv id ed  in to  a trian g le  a n d  tw o trap ezo id s , an d  th e ir  surfaces w ere  ad d ed .

W ith  th e  help  of th e  above a rb itra r ily  chosen p a ra m e te rs , th e  d iffe ren t 
a n a ly tic a l curves o f th e  ex am in ed  e lem ents w ere de te rm in ed . A n a ly tic a l curves 
o b ta in e d  b y  value p a irs  log cx , z l / x  R are  d e m o n s tra te d  on F ig . 6a. In  th e  case 
o f  Sn no se lf-absorp tion , a t  P b  a l ittle , w hile a t  Cu in  q u ite  a g re a t m easu re  of 
se lf-abso rp tion  seen to  a p p ea r. S im ilar o b se rv a tio n  can be m ad e , i f  th e  a n a ly t
ica l curves are p lo tte d  on th e  basis o f va lu e  p a irs  Zx , log cx  (F ig . 6b), w ith o u t 
re ference  e lem ent, an d  even  ap p ly in g  v a lu e  p a irs  loS 1 X» l°g  cx  th e  sh ap e  of 
cu rv es  does no t show  an y  change (F ig . 6c). U sing th e  given a p p ro a c h in g  m ethod

* In the lack of adequate integrator w ith  the help of planim eter the possib ility  o f  
m easuring the integrated density under the line profile was exam ined. H ow ever, th is m ethod  
proved to be extrem ely laborous, and its accuracy did not m eet the dem ands, as w ell, conse
quently , later on it had not been applied.
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F ig. 5. M ethod of approxim ative calculation of T x area under in ten sity  profile of spectral lines

>og cx l o g c x tog cx

F ig. 6. a) Analytical curves o f th e  Cu 327.47 nm /In 325.61 nm , P b 283.31 nm /In 303.94 nm and 
Sn 286.33 nm /Pd 302.80 nm  line-pairs plotted as a function  of log cx , Zl/x,Ri b) Analytical 
curves o f  Cu 327.47 nm , Pb 283.31 nm  and Sn 286.33 nm  spectral lines plotted against 
log  CX’ be values; c) A nalytical curves of Cu 327.47 nm , Pb 286.33.31 nm  and Sn 286.33 nm  

spectral lin es plotted against log cx , T x  values
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b y  m easu rin g  th e  area  u n d e r th e  line  p ro file  th e  se lf-abso rp tion  ra n g e  is no t 
app licab le  fo r analysis.

C orrelations b e tw een  th e  lo g a rith m  o f line w id ths m easu red  on  various 
w ays an d  lo g a rith m  o f co n c e n tra tio n s  arc  rep resen ted  b y  re su lts  o b ta in e d  in 
th e  case o f line Cu 327.45 n m  (F ig . 7). I t  is to  be seen th a t  ev en  on  th is  w ay 
an a ly tic a l cu rve  w ell-app licab le  also in  th e  self-absorp tion  ra n g e  w as no t 
o b ta in e d . I t  is, how ever, an  in te re s tin g  fa c t th a t  th e  lo g a rith m  o f  line  w id th  
m easu red  a t  th e  h a lf  an d  te n th  p a r t  of in te n s ity  I x  is c o n s ta n t  w ith in  the 
lim its  o f e rro r in th e  case of low  c o n cen tra tio n s , while from  th e  s t a r t  o f sclf- 
-a b so rp tio n  it  increases. B ased  on  th is  o b se rv a tio n , we t ire d  to  co rrec t the 
o rig inal an a ly tica l curves so t h a t  log  d,i2 an d  log d //10 values, re sp . w ere  added 
to  zl/x  R. B u t th is m e th o d  p ro v ed  to  be unsuccessfu l. N ev erth e less , ev en  in  the  
se lf-ab so rp tio n  range lin ea r  a n a ly tic a l cu rves h av e  been o b ta in e d , to o , if  the  
a p p ro p ria te  /x  values w ere m u ltip lied  b y  th e  line w id th s . 'F ig u re  8 shows the

_ i_____________ I_____________:____________ I--------------------1—

-A -3 -2 -1 0
lo g  c x

Fig. 7. Analytical curves o f Cu 327.45 nm line asdeterm ined on the basis o f  line w id th  logarithms
m easured by different procedures

F ig. 8. Analytical curves o f Cu 327.45 nm  and Ph 283.31 nm spectral lin es p lotted  against 
(log cx ; d ,i lo lx ) and (log cx ; d //2 Jx ) values, resp.
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Table IV

V aluating parameters o f analytical curves as determined w ith dependent variables Alx  r , lx  nn<l

Evaluation j  Dependent
parameters

4ÍX.R lX •og Tx

cmax [ % ] 0 . 1 - 0 . 1 - 0 . 1 -
P b 283.31 nm [ % ] 0.000316 0.000316 0.001

(In  303.94 nm) r 0.998 0.999 0.996
B x 0.750 0.757 0.821
V е [ % ] 12.3 8.1 17.3

cmax [% ] 1 . 0 - 1 .0 — 1 . 0 -
Sn 286.33 nm [% ] 0.001 0.001 0.001

(P d  302.80 nm) r 1.000 0.999 0.991
B x 0.959 0.931 0.944
scfc [ % ] 7.13 11.9 9.75

cmax [% ] 0 . 1 - 0 . 1 - 0 . 1 -
Cu 327.4S nm [ % ] 0.001 0.001 0.001

(In  325.86 nm) r 0.979 0.976 0.970
B x 0.770 0.794 0.863
s j c [ % ] 33.7 36.5 43.4

analytical curves of Cu and Pb gained by this way. It is clear that in both 
cases better results were obtained by multiplication with d j^ . The graphical 
representation in itself is not sufficient to the objective comparison of analyt
ical curves, therefore the suitable regression lines were calculated with the 
variables used in the course o f examinations. In Table IV the examined con
centration range cmax — cmill, the value of correlation coefficient r, the slope 
B x of regression lines, as well as of relative precision of concentration measure
ment sc/c [%] referring to the given regression line are shown. These data 
unambiguously prove that under the given experimental conditions linear 
analytical curve is obtained also in the self-absorption range, if the logarithm 
intensity Zx of analytical lines is multiplied by the value of d//2. This value is of 
area character, approaching the area under the line profile expressed in logarithm 
intensity. Under the given circumstances decrease of peak-height caused by 
self-absorption was compensated by the increase of line width.

5.2. B a c k g ro u n d  correction b y  the  two-y-m ethod

According to Vl-th paper of this series [7] the higher the у-value and 
lower the background density are the greater is the quotient Т^+и/Уи- In this 
case, the difference in yL+(J and уи values may cause errorwhen the background 
correction is done by uniform y .  This is proved also by the experimental data. 
The average у-value of the spectral plate Agfa-Gevaert 23 D 50 reaches about
2 .0  in the examined wavelength range, and the background densities fall
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line width logarithms as measured by different methods, resp. The independent variable is log in 
all cases

variable

log d\j •og<fa l('g dsl, du ■ lx dlht ' lx dll, • lx

1.0 - 1.0 — 1.0 1.0
0.000316 — — 0.000316 0.000316 0.000316
0.982 — — 0.976 0.990 0.999
0.192 — — 33.951 8.934 3.667

50.5 — 59.6 38.0 8.92

1.0 - _ 1.0 — 1.0 - 1.0 —
0.001 — — 0.001 0.001 0.001
0.993 — — 0.964 0.996 0.995
0.179 — — 44.260 8.871 4.397

27.1 — — 63.3 21.3 23.5

1.0 - 1.0 — 1.0 - 1.0 - 1.0 - 1.0 -
0.0001 0.001 0.000316 0.001 0.001 0.001
0.972 0.965 0.956 0.950 0.973 0.988
0.174 0.207 0.118 111.700 8.532 4.356

71.7 62.2 79.1 75.5 54.6 35.4

within 0.03 and 0.08. In spite of this, the average y-value of ORWO WU 3 
emulsion is only about 1.3, and the background densities are also significantly 
high: 0.10—0.20. Using emulsion 23 D 50 it occurred many times, that the 
analytical curve did not straighten towards low concentrations when working 
with background correction of uniform у-value. This was not observed at plate 
WU 3 under the same circumstances.

Accordingly, the difference between yL+u and уи values can not be 
neglected in the case of plate 23 D 50, i.e . the background correction is to be 
performed by two-у-method [16, 17, 18]. For this purpose, yL+и values 
determined experimentally are available. Considering the small background 
density, in the given case yL+u ^  yL. The у и  values were calculated indirectly, 
on the basis of the theoretical correlations of the previously mentioned paper 
[7], i.e . on the basis of equation yL/yи ^  1.3. The two-у background correction 
method was applied to those elements, for which it was reasonable, with values 
obtained on this way. Results are summarized in Table Y. It is to be seen that 
by this method the linear range of analytical curves could he extended towards 
low concentrations by averagely a half order of magnitude, while the values 
of other evaluating parameters remained practically unchanged. These results 
are represented also on Fig. 9, where the analytical curves of spectral line 
Cr 302.16 nm are plotted in the case of uniform and two-у background correc
tion, resp.

Extension of measuring range of various elements got on this way, are 
shown in Fig. 2, also the average value A  log cx =  2.19 is given in brackets
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Table V

Valuating parameters o f  the analytical method in the case o f
0  = Original: y Ln.и — Zu С — Corrected:

Spectral line pairs Cr 302/Pd 302 Mo 313 Pd 325 Mo 315/Pd 325

C alculation method 0 C 0 C 0 С

cmax [% ] 0.316 0.316 0.1 0.1 1.0 1.0

cmin [% ] 0.001 0.000316 0.001 0.000316 0.00316 0.001

B x 0.994 1.008 0.977 0.975 0.870 0.882

sJc  [% ] 7.7 7.5 9.2 15.2 8.2 7.5
c [ppm ] 3.0 3.5 1.6 1.2 4.5 3.9
J c  [% ] I. 6.0 6.9 39.2 38.3 40.1 39.0

II. 0.5 2.4 36.1 36.5 47.8 50.0

log cx

F ig. 9. A nalytical curves o f Cr 302.16 nm /Pd 302.80 nm  line-pair in the case of background  
correction w ith  uniform and tw o-у  m eth od  resp.

in  T a b le  I I I .  This la t te r  v a lu e  is n o t m uch less th a n  A  log cx  =  2.40 gained  
w ith  a co m bina tion  o f O R W O  W U  3 and  G I I -M F K I . In tin* case of a h ig h er 
у-v a lu e  th e  tw o-у b a c k g ro u n d  correction  offers a possib ility  to  u tilize th e  
ac h ie v e d  good detec tio n  p o w er.
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The equations for adsorption from  m ulticom ponent liquid m ixtures on hetero
geneous solid surfaces are discussed. These equations make possible to predict adsorption  
from m ulticom ponent liquid m ixtures in  term s o f adsorption from pairs o f  liquids. 
The experim ental data for adsorption o f  benzene, toluene and p -xy len e  from  cyclo
hexane and n-heptane on silica gel at 20 °C were used to illustrate the correlation of the  
adsorption parameters for binary and ternary liquid mixtures.

Introduction

In  c o n tra s t to  th e  ex tensive  l i te ra tu re  concern ing  ad so rp tio n  fro m  b in a ry  
liq u id  m ix tu re s  [1 —3], th e  m u ltic o m p o n e n t liqu id  adso rp tio n  sy s tem s  have  
been c o m p a ra tiv e ly  little  s tu d ied  (see R ef. [2]). R ecen tly , som e p a p e rs  dealing  
w ith  th e o re tic a l aspects o f ad so rp tio n  from  m u ltico m p o n en t liq u id  m ix tu re s  
on solid  surfaces have been p u b lish ed  [ 4 —9]. T he m a jo rity  o f th e se  p ap ers  
concern  liq u id  ad so rp tio n  in  th e  w hole co n cen tra tio n  region [5 —9 ], w hereas 
th e  ea rlie r p ap ers  u sually  refer to  a d so rp tio n  a t  low co n cen tra tio n  (see R ef. [2]).

O f g re a t im p o rtan ce  in  th e  s tu d ies  o f m u ltico m p o n en t a d so rp tio n  system s 
is th e  p red ic tio n  of adso rp tio n  from  m id tico m p o n en t liqu id  m ix tu re s  in  te rm s  
of a d so rp tio n  from  pairs o f liq u id s . A n a d v an ced  th eo re tica l t r e a tm e n t  o f  th is  
p ro b lem  has been given b y  O s c i k  [10], M i n k a  an d  M y e r s  [5]. O s c i k  d eriv ed  
an  e q u a tio n  defin ing  th e  m ole fra c tio n  o f  th e  i- th  com ponen t in  th e  m u ltic o m 
p o n e n t su rface  phase b y  m eans o f th e  m ole frac tio n s of th is  co m p o n e n t in  the  
d iffe ren t b in a ry  surface phases. T he co m p o n en ts  appearing  in  b in a ry  liq u id  
m ix tu re s  fo rm  th e  m u ltico m p o n en t m ix tu re . H ow ever, M i n k a  a n d  M y e r s  

d eriv ed  an  eq u a tio n  for th e  m ole f ra c tio n  o f th e  i- th  com ponen t in  th e  su rface  
p h ase  w h ich  co n ta in s  th e  eq u ilib riu m  c o n s ta n ts  ch arac teriz in g  a d so rp tio n  from  
b in a ry  liq u id  m ix tu res  on solid su rfaces. I n  b o th  approaches [5, 10] th e  a d so rp 
tio n  process is considered  b y  assum ing  th e  energetic  h o m o g en e ity  o f  th e  a d 
so rb e n t su rface . T he ex ac t analy sis  o f b o th  equ a tio n s shows th a t  th e y  are 
e q u iv a le n t. Im p o rta n c e  o f th e  w orks [5, 10] lie in  reducing  th e  e x p e rim e n ta l 
s tu d y  o f m u ltico m p o n en t a d so rp tio n  sy stem s to  th e  s tu d y  of a d so rp tio n  from  
b in a ry  liq u id  m ix tu res  on solids.
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In  this p a p e r th e  a p p ro ach  of M i n k a  a n d  M y e r s  [5] to  s tu d y  o f m u lti- 
com ponen t ad so rp tio n  sy s tem s  has been gen era lized  b y  assum ing th e  energetic  
h e te ro g en e ity  o f th e  a d so rb e n t surface. T he a d so rp tio n  p a ram ete rs  for e x p e ri
m e n ta l d a ta  of a d s o rp tio n  from  te rn a ry  liq u id  m ix tu re s :  n -h ep tan e  — cyc lohex 
an e  — benzene, n -h e p ta n e  — cyclohexane — to lu en e , n -h ep tan e  — cyclo 
h e x a n e  — p-x y len e  a n d  su itab le  b inary  liq u id  m ix tu re s  on silica gel h av e  been  
com pared .

Theoretical

L et us consider a d so rp tio n  from  n -c o m p o n e n t ideal liqu id  m ix tu re s  on 
heterogeneous so lid  su rfaces . A dditionally , w e assum e th a t  th e  to ta l  n u m b er 
o f  m olecules in  th e  su rfa c e  phase is c o n s ta n t a n d  th e  m olecular sizes o f all 
com ponen ts are id e n tic a l. T he adsorp tion  p ro cess  m ay  be rep resen ted  b y  a 
series of quasichem ical reac tio n s  betw een a m olecu le  of th e  i- th  co m p o n en t 
(i =  1,2 . . . , n - 1) a n d  a m olecule of th e  n - th  c o m p o n en t, i.e.

(O' +  ( n y  -  (i)s +  (n)1 ( 1 )

w h ere  the  sym bols ( i ) a n d  (n ) denote m olecules o f th e  com ponen ts “ i ”  an d  
“ n ” , respective ly ; th e  su b sc rip ts  “ 1” an d  “ s”  re fe r to  th e  bu lk  an d  surface 
ph ases . The e q u ilib riu m  c o n s ta n t K in, d esc rib in g  exchange reac tio n  (1) on 
a g iven  type  of a d s o rp tio n  sites w ith  d iffe ren t a d so rp tio n  energies _E;- an d  E n, 
m a y  be expressed as fo llow s [6]:

w here

exp
I E ,;

R T x% X :
( 2 )

Б ,, E., ( 3 )

a n d  a* and  x \  are m ole fra c tio n s  of th e  i- th  c o m p o n e n t in  th e  surface a n d  b u lk  
p h ases , respectively . T h e  m ole fraction  x ? re fe rs  to  a d so rp tio n  sites w ith  a d if
fe rence  of ad so rp tio n  en e rg ies  E

L et us in tro d u c e  (n  l)-d im ensional d is tr ib u tio n  function  F (E ln, E 2n, 
. . . , E n 1 n) sa tis fy in g  th e  follow ing n o rm a liza tio n  co n d ition :

F (E in, E.ln E П -1 ,n A E ln d E 2n. . d  E n—\,n (4)

w h ere  A  is an (n —l)-d im e n s  ional in teg ra tio n  re g io n .T h e  fu nc tion  F  c h a ra c te r 
izes th e  energetic h e te ro g e n e ity  of the  a d so rb e n t su rface . T hen , th e  eq u ilib riu m  
c o n s ta n t of reac tio n  (1) fo r  th e  whole a d so rb e n t su rface  m ay  be considered  as
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an  average  of th e  c o n s ta n ts  К in re ferring  to  d iffe ren t ty p e s  o f  a d so rp tio n  sites:

K in — J  K inF ( E ln, E 2n, • • • , E n_ i n) d £ lfl d E 2„ . • ■ d E n_ l n  — 
л

=  4 Г 4  F ^  E 2 • • • , d E ln d E 2n . . .  d  E n_ 1>n (5)
Л

E x p ressin g  th e  in te g ra l ap p e a rin g  in  E q . (5) in  a s im ila r w ay  as in  R ef. [7], 
we h av e :

K ln
X?,( | 1/m x \

k )
fo r i =  1 ,2 , n -  1 (6)

w here m  is th e  p a ra m e te r  ch a rac teriz in g  th e  energe tic  h e te ro g e n e ity  o f th e  
a d so rb e n t surface a n d  i t  is g re a te r  th a n  zero. T he sy m bo l x* , den o tes  th e  mole 
frac tio n  of th e  i- th  co m p o n e n t in  th e  w hole su rface  phase . F o r  m  equal to  
u n ity , E q . (6) becom es E q . (2), w hich is va lid  for hom ogeneous a d so rb e n t su r
faces. T he system  o f e q u a tio n s  (6) gives:

.1= (K inx)nr j \  1 + ^  (Kjn*jn)

for i =  1 ,2 , , n  — 1
an d

w here

x s =  1x n,t —  1 1 +  2  ( K j n *)n )m

n —1
2 ’
;=  ‘

x'in =  x]lx'n .

(V

(8)

(9)

E q u a tio n  (7) has b een  o b ta in e d  in  R ef. [7] b y  considering  th e  k in e tic s  o f ad 
so rp tio n  from  liq u id  m ix tu re s  on solid surfaces. F o r m  =  1, E q . (7) reduces to  
th e  expression w hich  h a s  b een  o b ta in ed  b y  M in k a  a n d  M y e r s  [5] fo r hom o
geneous solid surfaces. I n  conclusion i t  can  be sa id  th a t  E q . (7) has been  deriv 
ed  on th e  basis o f E q . (5), w h ich  defines th e  eq u ilib riu m  c o n s ta n t for a h e te r
ogeneous surface as an  av e rag e  o f th e  eq u ilib riu m  c o n s ta n ts  re fe rrin g  to  ho
m ogeneous surface p a tc h e s .

Up to  now, an  o th e r  ap p ro ach  to  liq u id  a d so rp tio n  on he te rogeneous solid 
surfaces was used [3, 6, 8, 9 ]. I t  w as assum ed  th a t  th e  m ole fra c tio n  o f th e  i-th  
com ponen t in  the  w hole su rface  phase, x* ,, is an  av e rag e  o f th e  m ole frac tions 
x* re ferring  to  th e  hom ogeneous surface p a tch es, i.e.

x i,t x- F ( E ln, E 2n.........E n - i .n )  d E 2n . . .  d £ „ _ 1>n ( 10)

fo r i =  1, 2 , .  . . ,  n  1
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S ta r t in g  from  E q . (10) a n d  u s in g  th e  m ethod  re p o rte d  in  R ef. [6, 8 ], th e  follow 
in g  ex p ressio n  for x ® ( m a y  b e  d e riv ed :

„ S  ___  ^ i l x i n
x i , l  —  ------------

z
( K ln_ z ) m 

1 +  (K ln z r
for i  =  1, 2 , . . . ,  и — 1 (11)

w h ere

с 1п  “ Г

n—1 _
V  fT. x l

_  ^ - j l  x j n
7 = 2

( 12)

w h e re  m  is th e  h e te ro g en e ity  p a ra m e te r  analogous to  th a t  ap p ea rin g  in  E q . (7). 
E q u a t io n  (11) has been  d e r iv e d  b y  app ly ing  th e  fo llow ing assu m p tio n s:
(i) th e  d ifference of a d so rp tio n  energies

E f l  =  E j  — E 1 for j  =  2, 3, . . . ,n  — 1 (13)

is id en tica l for all hom ogeneous surface patches,
(ii) t h e  eq u ation  o f  M in k a  a n d  M y e r s  [5], w r itten  in th e  fo llo w in g  form :

s _  K i l x 'in K l n Z

‘ z 1 +  K ln z

w as u sed  in the integral (10),
(iii) th e  energy distributions characterizing adsorption o f binary liquid m ixtures 
“ t -j- n ” , for i =  1, 2, . . . ,n  — 1 have the same quasigaussian shape and are 
sh ifted  along the energy axis on ly .

E quation  (11) has been derived by assum ing a quasigaussian distribution, 
w h ich  w as introduced by Sip s  [11] for description of gas adsorption on hetero
geneous solid surfaces. N ex t, th is  distribution has been applied in the theory of 
ad sorp tion  from binary liqu id  m ixtures on heterogeneous solid surfaces [12, 13].

B o th  E qs (7) an d  (11), d e riv ed  b y  using th e  d iffe ren t p ro ced u res , in  th e  
case  o f  ad so rp tio n  from  b in a ry  l iq u id  m ix tu res give an  id en tica l expression :

x l t = ( K 12x \2)ml[ l  +  (K r lx[2r ]  (15)

E q u a t io n s  (7), (11) an d  (15) w ill be  used  to  describe th e  ex p e rim en ta l ad so rp tio n  
d a ta  f ro m  te rn a ry  and  b in a ry  so lu tio n s. A dso rp tio n  p a ra m e te rs  d e te rm in ed  by  
m e a n s  o f  E q . (15) for a d so rp tio n  from  b in a ry  liq u id  m ix tu re s  w ill be com pared  
w ith  th e  analogous p a ra m e te rs  e v a lu a te d  accord ing  to  E q s (7) an d  (11) from  
a d s o rp tio n  d a ta  for te rn a ry  so lu tio n s.
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R esults and  D iscussion

A dsorp tion  iso th e rm s for d ifferen t l iq u id  h y d ro ca rb o n  m ix tu re s  on silica 
gel a t  20 °C w ere u sed  to  exam ine E qs (7), (11) and  (15). T hese a d so rp tio n  
d a ta  w ere m easured  fo r th e  follow ing te rn a ry  a n d  b in a ry  liqu id  m ix tu re s :

n -h e p ta n e ( l)  — cyclohexane(2) — benzene(3), 
n -h e p ta n e ( l)  — benzene(3), 
cyclohexane(2) — benzene(3), 
n -h e p ta n e (l)  — cyclohexane(2) — to luene(3), 
n -h e p ta n e (l)  to luene(3 ), 
cyclohexane(2) to luene(3 ), 
re-hep tane(l) — cyclohexane(2) —p-xy lene(3 ), 
n -h e p ta n e (l)  — p -x y len e(3 ), 
cyclohexane(2 )—j9-xylene(3).

T he in teg e r w r it te n  a t  th e  liqu id  h y d ro c a rb o n  denotes th e  n u m b e r o f th e  
com ponen t in a g iven  liq u id  m ix tu re . T he e x p e rim e n ta l de ta ils co n cern in g  th e  
ad so rp tio n  system s lis te d  above are  given in R ef. [14].

T he excess a d so rp tio n  d a ta  for b in a ry  liq u id  m ix tu res  “ i +  3”  w ere 
ex am in ed  b y  using  th e  lin ea r  form  of E q . (15):

w here

and

In x | (>, — m  In K 3i -j- m  In fo r i =  1 ,2 (16)

=  1 * 3 , f ?  X3i,l =  X 3 ,llX i,t (17)

(18)

H ere n[ is th e  a d so rp tio n  excess of th e  i- th  c o m p o n en t, an d  n s is th e  to ta l  n u m 
b er o f  moles in  th e  su rface  phase. F irs tly , th e  p a ra m e te r  n s has been  e v a lu a te d  
for all ad so rp tio n  sy stem s w ith  b in a ry  liq u id  m ix tu re s  b y  using  th e  p ro ced u re  
described  in  Ref. [15]; th is  p rocedure is b a sed  on E q . (15). N ex t, th e  values 
of n s for ad so rp tio n  o f tw o b in a ry  liqu id  m ix tu re s  “ 1 -f- 3”  and  “ 2 +  3”  fo rm 
ing  th e  te rn a ry  m ix tu re  “ 1 -(- 2 -f- 3”  w ere aV eraged. This average  v a lu e  o f  n s 
w as used  to  ch a rac te rize  th e  adso rp tio n  of b in a ry  liqu id  m ix tu res  “ 1 -(- 3”  and  
“ 2 -|- 3”  and  te rn a ry  m ix tu re  “ 1 -f- 2 4" 3” .

In  T able I th e  av erag e  values o f ns, a d so rp tio n  p a ram e te rs  K 3i a n d  m  fo r 
th e  a d so rp tio n  of th e  b in a ry  liq u id  m ix tu res  in v e s tig a te d  are su m m arized . T he 
p a ram e te rs  K 3i an d  m, e v a lu a ted  from  e x p e rim e n ta l d a ta  o f a d so rp tio n  from  
te rn a ry  liqu id  m ix tu re s , are  also given in  T ab le  I . T hese p a ra m e te rs  w ere 
ca lcu la ted  accord ing  to  th e  following lin ea r e q u a tio n :
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Table I

Adsorption param eters o f  the straight lines presented in Figs 1 — 3

Liquid mixture i A dsorption o f binary 
m ixture

A dsorption of 
te rn ary  m ix tu re

com p o n en t “ 3” component “ i ”
п я

[mmol/g] K , i m m

B enzen e n-heptane 1 2.38 7.7 1.00 7.4 1.00
B enzen e cyclohexane 2 2.38 7.2 0.95 6.5 0.97

T oluene n-heptane 1 1.32 21.1 1.40 15.6 1.20
T oluene cyclohexane 2 1.32 14.0 0.91 15.0 1.00

p -x y len e n-heptane 1 1.19 19.3 1.00 19.7 1.00
p -x y len e cyclohexane 2 1.19 20.8 0.81 18.6 0.90

In  x s3it =  m  In K 3i +  m  In x'3i (19)

w h e re

x)A =  1 — x s3' t - Xj t fo r i , j  =  1, 2 an d  i ==& j .  (20)

E q u a t io n  (19) has been o b ta in e d  from  E q . (7). T h e  m ole frac tions fo r th e  i-th  
c o m p o n e n t in  th e  te rn a ry  su rface  phase  w ere ca lcu la ted  accord ing  to  E q . (18), 
u s in g  th e  average p a ra m e te r  n s, w h ich  has b een  e v a lu a te d  for th e  a d so rp tio n  of 
b in a r y  m ix tu re s . F igures 1 —3 p re se n t th e  s tra ig h t  lines (16) for b in a ry  m ix-

F ig . 1. A dsorption on silica gel a t 20 °C for binary and ternary liquid m ixtures containing  
n -h ep ta n e  (1), cyclohexane (2) and benzene (3). Linear dependences In *§,• t vs. In x \j for i =  1,2 
p lo tted  according to Eq. (16) for binary m ixtures “ 3 +  i ”  (a, b) and Eq. (19) for ternary

m ixture “ 1 +  2 +  3”  (c, d)
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Fig. 2. Adsorption on silica gel at 20 °C for binary and ternary liquid m ixtu res containing 
n-heptane (1), cyclohexane (2) and toluene (3). Linear dependences In x\i ( vs. In x \i  for i - 1,2 
plotted according to Eq. (16) for binary m ixtures “ 3 -f- i ” (a, b) and E q. (19) for ternary

m ixture “ 1 -f- 2 -f- 3” (c, d)

Fig. 3. Adsorption on silica gel at 20 °C for binary and ternary liquid m ixtu res containing 
n-heptane (1), cyclohexane (2) and p-xylene (3). Linear dependences In *fj t vs. In .rj, for i 1,2 
plotted according to Eq. (16) for binary m ixtures “ 3 -}- i ” (a, b) and Eq. (19) for ternary

m ixture “ 1 - f  2 +  3”  (c, d)
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tű r é s  “ 1 -f- 3” and  “ 2 -f- 3 ”  a n d  the  linear d ep en d en ces  (19) for te rn a ry  so lu 
t io n  “ 1 —(— 2 -)- 3” . I t  fo llow s from  Figs 1 —3 t h a t  th e  exp erim en ta l p o in ts  lie 
on  th e  su itab le  s tra ig h t lin e s . T he results su m m a riz e d  in  T able I in d ica te  th a t  
th e  ad so rp tio n  p a ra m e te rs  m , K 3l and K 32 e v a lu a te d  from  adso rp tion  d a ta  of 
b in a r y  and  te rn a ry  l iq u id  m ix tu re s  are a p p ro x im a te ly  iden tica l. T his good

Table II

Adsorption param eters o f  the straight lines presented in Fig. 4

/i8
L iq u id  m ix tu re [m m ol/g] r =  x\2 -̂ 32 m

n-heptane 1 +  cyclohexane 2 + 2.38 0.33 1.00
-f- benzene 3 1 6.1 1.00

3 1.00

n-heptane 1 +  cyclohexane 2 -f-
1.32

1
13.2

0.98
+  toluene 3 3 1.13

n-heptane 1 -(- cyclohexane 2 +
1.19

1
22.2

0.95
-(- p-xylene 3 3 0.89

F ig . 4. Linear dependence (21) p lo tte d  for adsorption of ternary liquid  mixtures: n-heptane (1) 
— cyclohexane (2) — benzene (3) (a ), n-heptane (1) — cyclohexane (2) — toluene (3) (b), and  
n -h ep tan e  (1) — cylohexane (2) — p -xylene (3) (c) on silica gel at 20 °C. The circles denote  

experim ental points for th e  follow ing values of r: 0.33 (1), 1.0 (2) and 3.0 (3)
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co rre la tio n  betw een  th e  a d so rp tio n  p a ram e te rs  fo r b in a ry  an d  te rn a ry  liq u id  
m ix tu re s  ind ica tes th a t  th e  p red ic tio n  of a d so rp tio n  from  te rn a ry  m ix tu re  
“ 1 +  2 +  3”  b y  m eans o f th e  p a ram te rs  d escrib ing  th e  a d so rp tio n  o f b in a ry  
m ix tu re s  “ 1 -)- 3”  an d  “ 2 +  3”  is possible.

Now we shall ex am in e  E q . (11) by  using  a d so rp tio n  d a ta  for te rn a ry  
liq u id  m ix tu res lis ted  in  th e  beg inn ing  of th is  sec tion . E q u a tio n  (11) m ay  be 
re w ritte n  in  th e  fo llow ing lin ea r form :

In —-----Xs’'■ =  m  In [iC,3( l  +  г /С1Ч)] -f- m  In x \3 (21)

w here

r =  x \2 =  c o n s t . (22)

In  F ig . 4 th e  lin ea r  d ependences (21) p lo tte d  fo r e x p e rim e n ta l po in ts sa tisfy in g  
co n d itio n  (22) are p re sen ted  fo r th e  adso rp tio n  sy stem s in v es tig a ted . In  T ab le  I I  
th e  p a ram e te rs  K 32 an d  m e v a lu a te d  accord ing  to  E q . (21) are sum m arized . 
T he p a ram e te rs  K 3i a n d  m e v a lu a te d  b y  m eans o f E q . (21) a re  sim ilar to  th o se  
sum m arized  in T ab le  I .  E q u a tio n s  (7) and  (11) lead  to  sim ilar re su lts , because 
th e  ad so rp tio n  sy stem s in v e s tig a te d  show sm all h e te ro g e n e ity  effects.
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Several com pounds containing Ar О — Si and Ar —N — Si bonds have been 
studied in order to investigate the effect o f the silyl substituent on the electronic spec
trum . The UV spectra of the com pounds have been recorded and quantum  chemical 
calculations performed by the P P P  m ethod, using four different param etrizations. 
It could be established that the effect o f d-orbitals in the silicon atom  is sm all, the 
minor shifts in the spectra can be explained by changes in the inductive effects.

Introduction

I t  is well know n th a t  i ilicon is c a p a b le  o f co n juga tion  w ith  e lec tro n  d o n a t
ing  a to m s or g roups due to  its  e m p ty  d -o rb ita ls . This is su p p o rte d  e.g. by  
th e  UV sp ec tru m  of tiim e th y ls ily lb en zen e  |1 ] , th e  p lan a r g eo m etry  o f  tr is ily l- 
am ines [2], th e  s tru c tu re  o f s ila tran es  [3], the  Si-O-Si bond  angle [4], an d  b y  a 
n u m b e r o f anom alous physico -chem ical p ro p ertie s . D ifferen t a u th o rs  [5, 6] 
ag ree in  the  fac t th a t  th e  effect o f th e  d -o rb ita ls  is m ore p ro n o u n c e d  in  the  
ex c ited  s ta te , and  in p roperties w hich  can  be cha rac terized  b y  th e  e x c ite d  s ta te , 
th a n  in  the  g round  s ta te . This is w h y  one o f th e  m ost useful m e th o d s  for 
s tu d y in g  th is  effect is UV sp e c tro p h o to m e try . I t  is also know n th a t  s u b s ti tu e n ts  
co n ta in in g  lone pairs can  produce  so called  CT (charge-transfe r) tra n s itio n s  
w ith  a ro m atic  com pounds, w hich a p p e a r  in  th e  UV spectra  w ith  h igh in te n s ity . 
T h e  ex istence  an d  ap p earan ce  o f CT b a n d s  depend  on the  e le c tro n e g a tiv ity  of 
th e  donor and on th e  a rra n g e m en t o f th e  m olecular o rb ita ls  in th e  a ro m a tic  
sy s tem .

A com parison  betw een  th e  CT effec t an d  th e  ( p —d)n  effect seem s to  be 
in te re s tin g . W h a t will be th e  re s u lta n t  o f th e  tw o effect, i.e. th e  d ire c tio n  of 
sh if t o f th e  e lec tro n  pair, if th e  d o n o r su b s ti tu e n t is bonded  to  a silicon  a tom  
an d  an  a ro m atic  rin g ?

In  th is  w ork  tw o scries of co m p o u n d s  h av e  been in v es tig a ted , c h a ra c te r-  
iz: d by  A r-O -Si an d  A r-N -Si bonds. T h e  UV sp ec tra  were d e te rm in ed  an d  q u a n 
tu m  ch'rnicr.1 ca lcu la tions carried  o u t b y  th e  P P P  m ethod .
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Table I

Experim ental ultraviolet spectra

C om pounds Solvent ^max
(nm ) A ss ig n m en t emax

(I) cH 2 2 0 p 4 2 6 0
2 6 7 a 1 1 6 0

(П) cH 2 4 1 CT 1 1 7 8 0
2 8 7 a 1 7 9 0

(H i) EtOH 2 1 6 p 7 8 0 0
2 7 2 a 1 9 4 0

(IV) cH 2 4 5 CT 1 0 5 0 0
2 9 4 a 3 6 9 0

(V) Hex 2 2 0 p 5 6 0 0
2 7 6 a 1 9 9 0

(VI) H ex 2 1 2 p 6 8 9 0 0
2 4 4 CT 1 7 8 0 0
2 9 4 a 7 3 7 0

(VII) H ex 2 4 4 CT 7 4 0 0
2 9 3 a 3 2 0 0

(VIII) C6H5OCH3 cH 2 2 0 7 5 0 0  [ 1 2 ]
2 7 5 a 2 1 0 0

(IX) c„h 5n h c h 3 vapour 1 5 8 .7 1 6 0 0 0  [ 1 3 ]
1 8 0 ß 2 2 5 0 0
1 9 6 p 2 8 0 0 0
2 3 8 CT 1 2 0 0 0
2 8 3 . 3 a 2 2 0 0

(X) l,2-C6H4(OCH3)„ cH 2 2 5 i> 7 1 5 0  [ 1 2 ]
2 7 5 a 2 5 5 0

(XI) l,2-CeH4(NH„)„ EtOH 2 1 0 p 3 7 0 0 0  [ 1 4 ]
2 3 9 CT 6 5 0 0
2 9 5 a 3 2 0 0

(XII) 2-H„NCgH4OCH3 cH 2 3 7 CT 8 5 0 0  [ 1 2 ]
2 8 6 a 3 4 5 0

(XIII) G,H-Si(CH.|)3 vapour 1 8 8 ß 9 7 8 0  [ 1 5 ]
2 1 1 p 3 8 0 0
2 6 4 a 1 6 0

(XIV) C6H5C(CH3)3 EtOH 2 0 8 p 8 5 0 0  [ 1 ]
2 5 ] 1 5 0
2 5 7 1 a

2 0 0
2 6 3 1 4 0
2 6 6 J 1 2 0

(XV) (SiH3)3N vapour 1 8 0 n-(J* [ 1 6 ]

(XVI) (CH3)3N vapour 1 9 0 .5 3 9 0 0  [ 1 7 ]
2 2 7 . 2 n-o* 9 0 0

cH: cyclohexane 
H ex: n-hexane 
EtO H: ethyl alcohol
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E xperim en ta l

The following organosilicon com pounds were prepared by m ethods know n from  the 
literature.

U ltraviolet spectra were recorded by a Spectrom om  201 spectrophotom eter; n -hexane, 
cyclohexane and ethyl alcohol were used as solvent. The data of the m axim a and their  assign
m ents are shown in Table I. In  the same Table UV data  o f other similar organic and organo
silicon com pounds from the literature are also listed .

(I) C«H5OSi(CHj)j [7]

(II) C«HjNHSi(CHj)s 1*1

(III) 1,2-СвН40«!(СНз)з |2 1*1

(IV) l,2-C0H4tNHSi(CH3)3]2 1101

[И ]

[U ]

Calculations

Calculations were m ade by the P P P  m ethod, using four types o f param etrization. 
Param eters A  were taken from  the work of K iss and S z ő k e  [18], parameters В  and C were 
determ ined as the result o f our own iterative P P P  calculations [19], whereas param eters D  
were calculated from the data o f H i n z e  and J a f f e  [20]. The following bond d istances were 
used for the calculations [21]: rcc =  139.7 pm , r^o =  186 pm, r^N =  142.6 pm , rsio  =  164.8 
nm . rgjN =  172 pm. P P P  param eters are sum m arized in Table II.

R esults and  D iscussion

T he s tru c tu re  of th e  com pounds is m irro red  b y  th e ir  UV s p e c tra . C om 
p o u n d s  con ta in ing  A r-N  bon d s show  a c h a ra c te ris tic  CT b an d , co m p o u n d s  w ith  
A r-0  bonds have  a benzene-like s tru c tu re , w ith  a w ell-defined v ib ra tio n a l 
а -b a n d . T he sp ec tra  o f th e  silicon d e riv a tiv e s  d iffer only in s ig n if ican tly  from  
th o se  o f th e  carbon  com pounds. T he d ifferences can be ex p la in ed  b y  th e  
c o n ju g a tio n  of th e  d -o rb ita l of th e  silicon a to m , w hich causes a b a th o c h ro m ic
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Table II

P P P  parameters (eV)

A В c D

к 11.16

Усс 11.13

h i 1.10

^S iS i 3 .762

ßcc - 2 . 3 9

ßsiO — 1.25

ßsiN - 1 . 4 4

2 5 .73 26.39 26.39 28.733

Vn n 16.76 17.44 17.44 16.776

Io 3 0 .07 31.25 32.9 34.052

/ ’0 0 19 .14 21.53 21.53 18.751

ßco -2 .5 0 2.17 - 2 . 1 7 - 2 .1 7

ßcN -  2 .30 2.19 - 2 . 1 9 2.19

s h if t  in  th e  case o f n —л*  tran sitio n s (co m p o u n d s X III  and  XIV), w hereas a 
h y p so ch ro m ic  sh ift a p p e a rs  in  the  case o f h a n d s  o f  th e  n-a* ty p e  (com pounds 
XV an d  XVI) (for d e ta ils , see [22]).

C alcu lated  e le c tro n ic  tran sitio n s an d  o sc illa to r s tren g th s  are show n in 
T a b le  I I I ,  com pared  w ith  th e  experim en ta l d a ta .

O n the  basis o f  th e  re su lts , it  can  be  e s ta b lish e d  th a t  th e  P P P  m e th o d  
y ie ld s  reliable d a ta  fo r  th e  A r-0  and A r-N  ty p e  com pounds. R egression  coef
f ic ie n ts  betw een  m e a su re d  an d  calcu la ted  d a ta  a re  th e  following: rA =  0.92, 
г в =  0.92, rc =  0.92 a n d  r D =  0.89. A t th e  sam e  tim e , for com pounds c o n ta in 
in g  A r-O -Si and A r-N -S i bo n d s, n e ither p a ra m e tr iz a tio n  y ielded accep tab le  
re su lts  (rA =  0.68, r B =  0 .61 , rc =  0.73). T h e  la rg e s t difference is cau sed  in  
e v e ry  case by the  low  e n e rg y  value of th e  second  e lectron ic  tra n s itio n , w hich  
a lm o s t reaches th e  v a lu e  o f  the  cc-band, a n d  in  som e cases th e  cc- an d  th e  
p -b a n d s  are even re v e rse d . W ith  several co m p o u n d s  even new tra n s itio n s  can 
be observ ed , w hich c a n n o t b e  explained a t all. T h e  sig n ifican t e lec tron  sh if t o f  
th e  a  system  can n o t he  assu m ed  either, th ese  e ffec ts  being  p a rtia lly  considered  
a lre a d y  by  p a ram e te rs  В  a n d  C in the i te ra t iv e  P P P  calcu lation . R esu lts  con
c e rn in g  com pound X III  in  T ab le  I I I  prove th e  c o rre c t choice of th e  p a ra m e te rs  
(ß s ic =  —1-26 eV). T h e  d iffe ren ce  canno t he e x p la in e d  b y  th e  possible a ssu m p tio n  
o f  an  incorrect g eo m e try . T h e  alm ost free ro ta t io n  o f th e  (CH 3)3Si g roups can 
be  im ag ined  in th e  m o n o -d e riv a tiv e s , an d  also d iffe ren t a rran g em en ts  in  th e  
o r th o -  u h s titu te d  c o m p o u n d s . R u t in co m p o u n d s  V —V II th e  g eo m etry  is
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T a b l e  I I I

Experimental and calculated transitions (eV) and oscillator strengths

Com p. ^■®exp. ( / )
'^ c a lc . ( f )

Б c D

I 4 . 6 4 ( . 0 2 8 ) 4 . 6 6 ( . 0 2 6 ) 4 . 6 3 ( . 0 6 5 ) 4 .7 4 ( .0 1 3 )

5 . 6 4 ( . 1 0 2 ) 4 .9 1 ( .2 9 7 ) 4 . 6 5 ( . 3 0 3 ) 5 .3 4 ( .2 5 8 )

6 .0 1 ( . 0 2 1 ) 6 . 0 0 ( 0 1 5 )

и 4 .3 2 ( . 0 4 3 ) 4 .5 5 ( . 0 4 7 ) 4 . 5 7 ( . 0 3 8 ) 4 .5 7 ( .0 3 8 )

5 . 1 4 ( . 2 8 2 ) 4 . 5 8 ( .4 9 4 ) 4 . 6 1 ( . 4 9 8 ) 4 .6 1 ( .4 9 8 )
5 .9 6 ( .0 1 2 ) 5 . 9 9 ( . 0 0 9 ) 5 .9 9 ( .0 0 9 )

i n 4 . 5 6 ( . 0 4 7 ) 4 .4 1 ( .0 7 6 ) 4 . 3 5 ( . 0 9 5 ) 4 .5 9 ( .0 2 1 ) 4 . 6 5 ( . 0 0 3 )
5 . 7 4 ( . 1 8 7 ) 4 .5 3 ( .3 4 1 ) 4 . 3 2 ( . 4 0 4 ) 5 .0 8 ( .2 6 5 ) 4 . 8 5 ( . 0 0 9 )

4 .8 8 ( .1 1 5 ) 4 . 7 5 ( . 1 4 4 ) 5 .3 5 ( .1 7 0 ) 5 . 0 1 ( . 0 0 4 )
5 . 7 4 ( 0 0 5 ) 5 . 7 4 ( . 0 0 0 ) 5 . 4 0 ( . 0 3 2 )

IV 4 . 2 2 ( . 0 8 8 ) 4 .2 1 ( .1 3 2 ) 4 . 2 5 ( . 1 1 6 ) 4 .2 5 ( .1 1 6 )

5 .0 6 ( . 2 5 2 ) 4 . 1 7 ( . 5 3 1 ) 4 . 2 3 ( • 5 2 9 ) 4 .2 3 ( .5 2 9 )
4 .7 7 ( .2 7 0 ) 4 . 8 0 ( . 3 0 4 ) 4 . 8 0 ( .3 0 4 )

5 .6 3 ( . 0 0 4 ) 5 . 6 9 ( . 0 0 9 ) 5 .6 9 ( .0 0 9 )

V 4 . 4 9 ( . 0 4 8 ) 4 .5 5 ( . 0 0 2 ) 4 . 4 6 ( . 0 0 1 ) 4 .4 8 ( .0 7 3 )

5 .6 4 ( . 1 3 4 ) 4 . 1 0 ( .1 .5 2 ) 3 . 8 7 ( . 1 5 7 ) 4 .8 3 ( .0 4 4 )

5 .4 2 ( . 0 7 0 ) 5 . 1 8 ( . 0 5 8 ) 5 .6 6 ( .0 8 2 )

VI 4 .2 2 ( . 1 7 7 ) 4 .3 7 ( . 0 0 9 ) 4 . 3 9 ( . 0 1 0 ) 4 .3 9 ( .0 1 0 )
5 .0 8 ( . 4 2 7 ) 3 .7 5 ( .2 2 6 ) 3 . 8 1 ( . 2 1 5 ) 3 .8 1 ( .2 1 5 )

5 .8 5 ( 1 . 6 5 2 ) 5 .0 7 ( - 0 7 5 ) 5 . 0 8 ( . 0 6 8 ) 5 .0 8 ( .0 6 8 )

5 .4 7 ( .8 8 8 ) 5 . 4 7 ( . 9 0 7 ) 5 .4 7 ( .9 0 7 )

VII 4 . 2 3 ( . 0 7 7 ) 4 .3 7 ( . 0 1 8 ) 4 . 3 7 ( . 0 0 7 )
5 .0 8 ( . 1 7 7 ) 3 .6 8 ( .1 0 0 ) 3 . 6 6 ( 1 2 5 )

5 .0 6 ( .1 1 .3 ) 4 . 9 8 ( . 0 6 5 )
5 .4 8 ( .6 0 0 ) 5 . 4 2 ( . 7 3 4 )

V II I 4 .5 1 ( . 0 5 0 ) 4 .6 1 ( . 0 4 1 ) 4 . 5 3 ( . 0 4 3 ) 4 .6 9 ( .0 2 5 ) 4 . 8 4 ( . 0 0 7 )

5 .6 4 ( . 1 8 0 ) 5 .7 0 ( . 2 5 2 ) 5 . 5 6 ( . 3 1 4 ) 5 .8 0 ( .1 8 7 ) 6 . 0 9 ( .0 2 9 )

IX 4 .3 7 ( . 0 5 3 ) 4 .3 9 ( . 0 5 9 ) 4 . 3 9 ( . 0 5 5 ) 4 . 3 9 ( .0 5 5 )

5 .2 0 ( . 2 8 8 ) 5 .3 3 ( . 4 2 4 ) 5 . 3 1 ( . 4 1 7 ) 5 .3 1 ( .4 1 7 )

6 .3 1 ( - 6 7 1 ) 6 . 3 3 ( . 3 9 2 ) 6 . 2 8 ( . 3 6 1 ) 6 .2 8 ( .3 6 1 )

6 . 8 8 ( . 5 4 0 ) 6 .6 5 ( . 8 2 0 ) 6 . 6 4 ( .7 8 1 ) 6 . 6 4 ( .7 8 1 )

7 .8 0 ( . 3 8 4 ) 7 .5 8 ( .6 4 9 ) 7 . 5 3 ( . 6 9 4 ) 7 .5 3 ( .6 9 4 )

X 4 .5 1 ( . 0 6 1 ) 4 .4 1 ( .0 6 2 ) 4 . 3 0 ( . 0 6 5 ) 4 .5 4 ( .0 3 4 ) 4 . 7 8 ( .0 0 8 )

5 .5 1 ( . 1 7 1 ) 5 .3 2 ( . 1 9 3 ) 5 . 1 3 ( . 2 1 7 ) 5 .5 3 ( .1 3 6 ) 5 . 9 7 ( .0 3 1 )

X I 4 .2 0 ( . 0 7 7 ) 4 .1 3 ( . 0 9 8 ) 4 . 1 4 ( .0 9 0 ) 4 .1 4 ( .0 9 0 ) 4 . 6 0 ( .0 2 9 )

5 .1 9 ( - 1 5 6 ) 4 . 8 2 ( .2 5 8 ) 4 . 8 3 ( .2 5 1 ) 4 .8 3 ( .2 5 1 ) 5 . 6 0 ( .1 2 8 )

5 .9 0 ( . 8 3 9 ) 5 .9 4 ( 1 . 0 5 0 ) 5 . 9 0 ( 1 . 0 1 5 ) 5 .9 0 ( 1 .0 1 5 ) 6 . 4 7  ( 1 . 1 8 6 )

XII 4 . 3 3 ( . 0 8 3 ) 4 .2 5 ( . 0 8 0 ) 4 . 2 1 ( . 0 7 7 ) 4 . 3 0 ( .0 6 4 ) 4 . 6 9 ( .0 1 9 )

5 .2 3 ( . 2 0 4 ) 5 .0 3 ( . 2 6 8 ) 4 . 9 6 ( . 2 5 1 ) 5 .1 0 ( .2 8 1 ) 5 . 7 6 ( . 1 2 2 )

X II I 4 . 6 9 ( . 0 0 5 ) 4 .7 9 ( . 0 0 6 )
5 .8 8 ( . 2 4 9 ) 5 .7 4 ( .2 3 2 )
6 . 6 0 6 .5 4 ( .4 5 5 )

6 .5 7 ( . 5 7 8 )
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q u ite  u n am b ig u o s , th e  m o v e m e n t of silicon is h in d e red  to  a g rea t e x te n t ,  a n d  
th e s e  f a c ts  do n o t cause d ifferences in  th e  U Y  sp e c tra :  th e  CT- and  p -b a n d s  are  
fo u n d  a t  th e  expected  frequenc ies . The e x ten s io n  o f con jugation  to  th e  silicon 
a to m  re su lts  in  s ign ifican t d ifferences in  th e  e le c tro n  d is trib u tio n  (see T ab le  IV ).

Table IV

Partial charges and bond orders ( B  parameters)

C om pound
<h PH

0 N Si C - O C - N S i - 0 S i - N

VIII + 0 .1343 — — 0.366 — — ___

I + 0 .2 0 3 8 — -0 .1 0 6 9 0.326 — 0.425 —
IX — +  0.1592 — — 0.397 — —

и +  0.2535 -0 .1 4 6 8 — 0.344 — 0.492

I t  is a p p a re n t th a t  th e  p a r t ia l  positive ch a rg e  o f th e  n itrogen  an d  o x ygen  
a to m s  co n sid e rab ly  increases, th e  C -0 an d  C-N b o n d  o rder s ig n ifican tly  d e 
c re a se s , w hile  a g rea t n e g a tiv e  charge is a c c u m u la te d  on th e  silicon a to m , an d  
th e  S i-O  a n d  Si-N bond  o rders assum e values b e tw e e n  0.4 and  0.5.

O n  th e  basis o f these  re su lts  i t  can  be e s ta b lish e d  th a t  in  the  co m p o u n d s 
s tu d ie d  th e  ( p —d)jr effect is sm all, i.e. silicon does n o t tak e  p a r t in  th e  c o n ju 
g a tio n . T h is  is also su p p o rte d  b y  th e  fac t th a t  i f  silicon  is no t considered  in  th e  
c a lc u la tio n , a b e tte r  ag reem en t w ith  th e  e x p e rim e n ta l d a ta  can be ach iev ed . 
In  th is  case , o f course, th e  re su lts  agree w ith  th o se  ca lcu la ted  for co m p o u n d s 
VIII —XII, an d  th e  regression  coefficients a re  th e  follow ing: rA =  0.90, r B =  

0 .8 8 , rc =  0.91, rD =  0.90.
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The reactions of variously oxidized d isu lfides w ith sodium sulfinate were in 
vestigated in  dim etliylform am ide solutions. T he a-disulfones were found to  be convert
ible into th iolsu lfonates. In addition to the decom position  of disulfide trioxides, direct 
reaction also takes place in about 23% . U nder proper experim ental conditions, th io l
sulfonates can be reduced into disulfides. In  th e  case o f thiolsulfinates, disproportion  
is also accom panied by the direct reaction occurring to a lim ited ex ten t (6% ). The  
mechanisms o f  reactions can be interpreted on the basis o f literature analogies. .'Ц

On the basis o f  our previous paper [1J and other researches, it  is partly  
confirm ed, partly considered probable th at variously  oxidized derivatives o f  
disulfides react w ith  th e  sulfinate anion under suitable reaction conditions. 
Since no literature data are available regarding the details, we decided to  
m ake a system atic investigation  o f these reactions.

Reactions of a-disulfones with sulfinic acid salts

Studies on these reactions were required for explaining th e  reaction  
taking place betw een sulfonyl chlorides and sulfin ic acid salts. C o r s o n  and  
P e w s  [2] allowed p-toluenesulfonylchloride to  react w ith excess  sodium  p-to lu -  
enesulfinate in acetonitrile  and obtained m ain ly  th iolsulfonate and sodium  
sulfonate, together w ith  some disulfone (I):

ArSO, Cl +  3 ArSCLNa — ArS — SO, -  Ar +  2 A rS 03Na +  NaCl (I)

Corson  and P e w s  [2] described , on  th e  b asis o f  their w ork and papers  
o f  earlier authors [3 —5] th a t o n e  m o le  o f  p -to lu e n e su lfo n y l ch loride [3 , 4 ] or 
io d id e  [5] reacted  w ith  one m o le  o f  so d iu m  p -to lu en esu lf in a te  to  y ie ld  th e  
d isu lfon e (II):

A r - S 0 2Cl +  A rS 02Na — A rS 02- S 0 2- A r  +  NaCl (II)

1 Acta Chim. Acad. Sei. Hung. 106, 1981
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H ow ever, these authors [2] assum ed th a t th e  disulfone was not an in ter
m ed ia te , b u t the tw o reactions proceeded independently , since in  a separate  
ex p erim en t the disulfone could not be converted  into the tio lsu lfonate by  
trea tm en t w ith excess sodium  p-toluenesu lfinate.

A ccording to  th is assum ption, the reaction  o f p-toluenesulfonyl chloride  
w ith  sod iu m  p-toluenesulfinate takes place in  about 95% through th e  attack  
o f  th e  o x y g en  atom  in the su lfinate at the su lfonyl sulfur atom , leading to  the  
form ation  o f a sulfinyl-sulfonyl anhydride. The course o f this favoured reaction  
w as also  confirmed in  k inetic m easurem ents b y  K ice  and Gu a r a l d i  [6]. 
A lon g  w ith  this reaction, th e  form ation o f th e  disulfone takes place o n ly  in  
ab ou t 5%  (III):

Ar —S02- Cl +  ArSO„Na-^|<^
Ar —S 0 2-  SO, A r - f  NaCl 

[Ar — S 0 2—О SO Ar] +  NaCl
(III)

A s th e  next step, a “ s t a t u  n a s c e n d i ”  reaction of the su lfinyl-su lfonyl 
an h yd rid e w ith sodium  su lfinate is assum ed resulting in the form ation o f disul
fid e  tr iox id e  and sodium  su lfonate (IV):

A r— S 0 2—0 - S 0 —Ax +  A r - S 0 2Na — A r - S 0 2 - S O - A r  +  A r - S 0 3N a  (IV)

On heating th e  disulfide trioxide is isom erized into sulfenyl-sulfonyl 
an h yd rid e which reacts w ith  sodium  su lfinate (w ith the sulfinate anion) to 
g iv e  th iolsu lfonate and sulfonic acid [7, 8] (V):

A r—S 0 2— SO Ar — (Ar S 0 2—0  - S —Ar]

[Ar — SO, O S Ar) +  Ar SO,Na — ArSO, - S —Ar +  Ar— SO sN a (V)

In  an earlier paper [1] w e described th a t th e  reaction betw een p -to lu en e-  
su lfo n y l chloride and excess sodium  p -to luenesu lfinate at elevated tem peratures 
in  dim ethylform am ide gave o n l y  th io lsu lfonate and sodium sulfonate as th e  end- 
-p roducts; therefore, it  seem ed interesting to  exam ine the above recation  more 
c lo se ly  under such conditions.

O n e  m o le  of p -to ly ld isu lfone was allow ed to  react w ith  tw o m oles of 
sod iu m  p-toluenesu lfinate. In contrast w ith  th e  unsuccessful experim ents of 
Co r s o n  and P ew s  [2], w hen th e  reaction w as effected in dim ethylform am ide, 
p -to ly lth io lsu lfon ate  and sulfonic acid could be isolated (the la tter  in  the  
form  o f  the S-benzyl-isothiuronium  salt). According to our assum ption , the  
occurrence of the reaction  was m ade possib le b y  the transisom erisation of 
th e  disulfone on the effect o f  heating in  a strongly  polar solution, as described  
b y  K ic e  and F a v s t r it s k y  [9 ], yield ing sulfinyl-sulfonyl anhydride w hich,
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on  th e  effect o f tw o  m oles o f  sodium  su lf in a te , tra n sfo rm e d  in to  th io lsu lfo n a te , 
p ro b a b ly  th ro u g h  th e  d isu lfide tr io x id e  a n d  su lfeny l-su lfiny l a n h y d rid e  (V I,
IV , V):

R““ S02—‘>S0 2—R

о >0.
II /

R—S -----------S —R
II II
О  о

[ R - s o 2 - o — s o — r ]  ( V i )

In  o rd e r to  e lu c id a te  b e tte r  th e  p a rt-p ro cesses  o f th is  conversion , th e  
re a c tio n  o f  d isu lfide  trio x id es  w ith  sod ium  su lf in a te  w as s tu d ied .

Reactions of disulfide trioxides and sulfinic esters with sulfinic acid salts

A ccord ing  to  th e  ex perim en ts o f  B r e d e r e c k  et al. [7] a n d  K ice  an d  
P a w l o w sk i [8], d isu lfide  trio x id es  re a c t w ith  sulfin ic acid  in  ace to n itrile  to  
give th io lsu lfo n a te  a n d  sulfonic acid . S im ila rly , w hen  we effected  th e  reac tio n  
in  d im eth y lfo rm am id e  w ith  sodium  su lfin a te , th e  fo rm atio n  o f  th io lsu lfo n a te  
an d  sodium  su lfo n a te  w as observed . Since th e se  reac tio n  p ro d u c ts  w ere also 
o b ta in ed  b y  th e  h e a tin g  o f  d isu lfide trio x id es , th e  course o f th e  reac tio n  was 
exam ined  b y  h e a tin g  a so lu tion  of d isu lfide  tr io x id e  in  d im eth y lfo rm am id e  
in  th e  absence o f  sodium  su lfina te , to  d e te rm in e  th e  am o u n ts  o f  p ro d u c ts  
fo rm ed . In  c o n tra s t  w ith  th e  observ a tio n s o f K ic e  an d  P a w l o w sk y  [8 ], who 
used  d ioxane  an d  fo u n d  also d isu lfide, in  ou r e x p e rim en t on ly  th io lsu lfo n a te  and  
sulfonic acid  could  be d e tec ted .*  T he a m o u n ts  o f  th io lsu lfo n a te  fo rm ed  in  th e  
tw o  ex p erim en ts  w ere com pared  a n d  th e  d ifference in d ica ted  th a t ,  in  ad d itio n  
to  th e  th e rm o ly sis  o f  d isu lfide  tr io x id e , th e  reac tio n  b e tw een  th e  d isu lfide 
tr io x id e  a n d  su lf in a te  an ions to o k  place in  a b o u t 25 — 30% .

The ab o v e  re a c tio n  is closely co rre la ted  w ith  th e  o b se rv a tio n  o f S c h a n k  
el al. [10, 11] w ho fo u n d  th a t  th e  a -a lk o x y  e th e rs  o f p -to lu en esu lfin ic  este rs ,

A r S 0  CH R  «

0  (icH 3

w hen  h ea ted  w ith  excess sod ium  p -to lu e n e su lf in a te  d u rin g  th e ir  p re p a ra tio n , 
y ie lded  p -to lu en e th io lsu lfo n a te . These a u th o rs  [11] assum ed  th a t  th e  fo rm atio n  
of th e  th io lsu lfo n a te  to o k  p lace  th ro u g h  th e  su lfin ic  e s te r m en tio n ed  a n d  sul-

* S t u d y i n g  t h e  s o l i d - p h a s e  t h e r m o l y s e s  o f  d i s u l f i d e  t r i o x i d e s  Sch a n k  a n d  W e r n e r  
[ P h o s p h o r u s  a n d  S u l f u r  8 ,  3 3 5  ( 1 9 8 0 ) ]  o b s e r v e d  t h e  f o r m a t i o n  o f  d i s u l f i d e ,  t h i o l s u l f o n a t e  
a n d  s u l f o n i c  a c i d  a n h y d r i d e  a s  w e l l .
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f in ic  a c id  form ing d isu lfid e tr io x id e  (V II), in v o lv in g  n u cleop h ilic  sp lit t in g  o f  
th e  S — О b on d  b y  th e  su lf in a te  a n io n  (V), accord in g  to  th e  m ech an ism  su g g ested  
b y  K ic e  and  P a w l o w sk y  [8 ]:  h ow ever , d isu lfid e  tr io x id e  cou ld  b e  n eith er  
d e te c te d  nor iso la ted , ow in g  t o  it s  u n sta b le  n atu re.

О О
II II

A r - S O - R  +  N a  —S 0 2—A r — A r - S - S - A r  +  R - O N a  (V II)

О О

T h e  fo rm a tio n  o f d isu lfide tr io x id e  is, in  o u r op in ion , ren d ered  p ro b a b le  b y  
th e  an a lo g o u s reac tio n  d esc rib ed  b y  B o l d y r e v  et al. [12 —14), w ho re p o r te d  
th e  fo rm a tio n  o f th io lsu lfo n a te  fro m  sulfenic esters  (A r—S — 0  — R ) a n d  sul- 
f in ic  a c id  or sodium  su lf in a te .

F o r  a  closer in v e s tig a tio n  o f  th is  reac tio n , p -to lu en esu lfin ic  m e th y l es te r, 
h a v in g  a  sim pler s tru c tu re , w as allow ed to  re a c t w ith  sod ium  su lf in a te  an d , 
a f te r  p rocessing  th e  re a c tio n  m ix tu re , th e  th io lsu lfo n a te  w as o b ta in e d  as 
e x p e c te d . Since, how ever, su lfin ic  esters  un d erg o  also  spon tan eo u s deco m p o si
t io n  in to  th e  th io lsu lfo n a te  on  s ta n d in g  [15] or u n d e r  th e rm a l effects [1 1 ,1 6 ], 
th e  ex p e rim en ts  w ere a g a in  su p p lem en ted  b y  b lan k s . T he a m o u n t o f  th io l
su lfo n a te  w as found  here  to  b e  on ly  a b o u t 5%  o f th e  a m o u n t o f th e  th io lsu l
fo n a te  fo rm ed  in  th e  re a c tio n , th u s  th e  in te ra c tio n  b e tw een  th e  su lfin ic  e s te r 
a n d  th e  su lfin a te  an ion  lead in g  to  th e  fo rm a tio n  of th io lsu lfo n a te  can  b e  re g a rd 
ed  as p red o m in a tin g  (V II +  V ), w hich  also confirm s th e  reca tio n  p a th  re su ltin g  
in  th io lsu lfo n a te .

Reactions of thiolsulfonates w ith sulfin ic acid salts

R ed u c tio n  o f th io lsu lfo n a te s  h av e  been  effected  w ith  a n u m b e r o f re 
a g e n ts , such  as h y d rogen  io d ide /su lfu rous acid  [17 — 21], h y d ro g en  b ro m id e
[22], sod iu m  arsen ite  [23, 24 ], h y d ro g en  su lfide  [25, 26], m eta llic  zinc in  a lcohol 
[27 — 30], m etallic z inc/ac id  (n a scen t hyd ro g en ) [27, 33, 28, 35, 31, 21, 21a, 
36 — 3 7 a ], e lectrochem ical m e th o d s  [38 -5 0 ] , tr ip h e n y lp h o sp h in e  [51], t r i 
m e th y l  ph o sp h ite  [52, 53], so d iu m  cy an id e  [53], reduced  iro n  [54]. H ow ever, 
no  d a ta  in d ica te  th a t  su lfin ic  ac id  or sod ium  su lf in a te  h av e  been  em ployed  
fo r  red u c in g  th io lsu lfo n a tes . T herefo re , o u r s tu d ies  w ere ex te n d e d  to  th io l
su lfo n a te s , an d  one mole o f  th io lsu lfo n a te  w as allow ed to  re a c t w ith  tw o  m oles 
o f  so d iu m  su lfina te  in  d im eth y lfo rm am id e  to  o b ta in  d isu lfide a n d  sod ium  
su lfo n a te .
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I n  re sp ec t o f  th e  course  o f  th e  re a c tio n , th e  w orks o f  G il b e r t  et al. 
[55] a n d  K ice  an d  F a v s t r it s k y  [9] dealing  w ith  th e  th e rm o ly sis  o f  th io lsu l- 
fo n a tes  an d  disulfones w ere  considered  (V III) :

О О

A r—S S - A r -  [ A r - S 0 2. +  -S —A R ]
II
О

A r — S 0  S —A r 2 [A r-S O - ]

2 [ A r -  SO-] +  2 [A r—S 0 2] -  — 2

О

A r—S — 0  — S —A r
II
0

A r —S —S —A r -f-

4  2 [A rS 0 3] (V III)

T h e  fa c t t h a t  th io ls id fo n a te s  could be  red u ced  in to  d isu lfides w ith  sodium  
su lf in a te  in  d im e th y lfo rm am id e , su p p lem en ts  th e  n u m b er o f  s im u ltaneous 
reac tio n s described  in  a p rev io u s p ap e r [1] d ea ling  w ith  th e  re a c tio n  o f th io l- 
su lfonates w ith  sod ium  h a lid es . I t  m eans th a t ,  besides th e  basic  re a c tio n  (IX ) 
an d  th e  reac tio n s verified  b y  su ita b le  m odel ex p erim en ts  (X , X I) , th e  reac tio n  
o f  th io ls id fo n a tes  w ith  sod iu m  su lf in a te  (X II )  shou ld  also be  in c lu d ed .

A r—S 0 2—S —A r +  N aX  — A r - S 0 2- N a  +  A r - S - X  (IX ) 

A r—S 0 2—S —A r 4- A r - S - X  -» A r - S - S - A r  4- A r - S 0 2X  (X)

A r—S 0 2—X  4- 3 A r —S 0 2N a -  A r - S 0 2- S - A r  +

+  2 A r —S 0 3N a +  N a X  (X I)

A r — S 0 2—S —A r -f- 2 A r— S 0 2N a —► A r — S — S —A r -f- 2 A r— S 0 3N a

(X II)

In  acco rdance  w ith  th e  a b o v e  s ta te m e n ts , th e  conversion  o f  th io lsu lfo - 
n a te s  o n  th e  effect o f  a lk a li ha lid es  in  d im eth y lfo rm am id e  can  be  su m m arized  
in  th e  follow ing schem e ( X I I I ) .  (T he en d -p ro d u c ts  o f  reac tio n s a re  in  fram es.)

A cta  Chim. Acad. Sei. H ung. 106, 1981



280 LÁZÁR, VINKLER: DISULFIDES AND SULFINIC ESTERS

A r-S 0 2Na

120°G

R eactions o f th io lsu lfin a tes  w ith  su lfin ic  acid salts

T h e  reac tio n  o f  th io lsu lf in a te  w ith  su lfin ic  ac id  w as s tu d ied  b y  KiCE 
et al. [56, 57]. T hey  e s ta b lish e d  on  th e  basis o f  re a c tio n  k in e tic  m easu rem en ts  
t h a t  in  ac id  m edia th e  re a c tio n  o f  sulfinic acid  a n d  th io lsu lf in a te  (X IY ) tak es  
p la c e  m u c h  faste r th a n  th e  d isp ro p o rtio n a tio n  (X V ). T he reac tio n  o f  th io l
s u lf in a te  an d  sulfinic ac id  le ad s  to  th e  fo rm a tio n  o f  th io lsu lfo n a te  (X IV ), 
w h ile  in  th e  d isp ro p o rtio n a tio n  reac tio n  d isu lfide  is also fo rm ed  besid e  th e  
th io lsu lfo n a te .

A r - S O - S - A r  +  2 A r —S 0 2H  - 2 A r  _ S O , - S - A r  +  H 20  (X IV ) 

2 A r - S O - S - A r  -> 'A r —S —S —A r +  A r - S 0 2- S - A r  (XV)

T h e  am o u n t o f  d isu lfid e  a n d  th io lsu lfo n a te  th u s  w ill in d ica te  w h ich  o f 
th e  tw o  reactions is fa v o u re d . W hen  s tu d y in g  th e  conversion  o f  ox id ized  
d e r iv a tiv e s  of disulfides o n  th e  effect o f sod ium  su lf in a te , i t  seem ed to  b e  in 
te r e s t in g  to  exam ine th e  co u rse  o f  th e  above re a c tio n  in  d im eth y lfo rm am id e  
s o lu tio n  in stead  of ac id  m e d ia . In  our ex p e rim en t, one m ole o f th io lsu lf in a te  
w as a llow ed  to  re a c t w ith  o n e  m ole o f sod ium  su lf in a te  a t  75 °C, a n d  th e  
a m o u n t  o f  th io lsu lfo n a te  fo rm e d  in  th e  re a c tio n  w as fo u n d  to  be  h ig h er b y
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a b o u t 5 —6%  (calcu la ted  for th e  s ta r t in g  m ateria l) th a n  th e  a m o u n t th a t  
shou ld  be  fo rm ed  b y  d isp ro p o rtio n a tio n , th u s  th e  reac tio n  o f  th io lsu lf in a te  
w ith  su lfin ic  acid  (X IV ) re p o rte d  b y  K i c e  et al. [56, 57], a lso  to o k  p lace  in 
a b o u t 5 —6%  (calcu la ted  for th e  s ta r t in g  m ateria l) besides d isp ro p o rtio n a tio n . 
T h e  conversion  o f  th io lsu lfo n a tes  in to  d is id fide  on th e  effect o f so d iu m  su lfina te  
occurs o n ly  a t  120 °C. S im u ltan eo u s occu rrence  of th e  tw o  re a c tio n s  is con
firm ed  b y  th e  fac t th a t  th e  re a c tio n  o f  one mole of th io lsu lf in a te  w ith  one 
m ole o f sod ium  su lfin a te  a t  te m p e ra tu re s  h igher th a n  120 °C leav es  ab o u t 
6 %  th io lsu lfo n a te  beside th e  d isu lfid e , since some of th e  so d iu m  su lf in a te  is 
co nsum ed  in  th e  K ice reac tio n  (X IV ). W hen , how ever, so d iu m  su lf in a te  is 
em ployed  in  excess, in  acco rdance  w ith  re a c tio n  (X II), o n ly  th e  d isu lfid e  can 
be iso la ted  from  th e  reac tio n  m ix tu re , besides th e  excess o f so d iu m  su lfin a te  
u sed  an d  th e  sodium  su lfona te  fo rm ed .

E x p erim en ta l

M .p.’s were measured w ith a B oetiu s micro m elting point determ ining apparatus 
(Franz K üstner, Dresden), and are uncorrected. The TLC tests were effected  on K ieselgel G 
(M erck) layer w ith  benzene-petroleum  ether (1 : 1) developing solvent and alkaline potassium  
perm anganate for detection. The colum n chrom atographic separations were carried out on 
“ K ieselgel 40 für die Saulen-Chrom atographie”  (0.063 — 0.020 mm) (Merck) adsorbent, using 
petroleum  ether-benzene solvent m ixtures.

Reaction o f p-tol)ldisulfone w ith sodium  p-toluenesulfinate in dim ethylform am ide

p-T olyldisulfone [58] (7.75 g: 0.025 m ole) and sodium p-toluenesu lfinate (8.9 g: 0.05 
m ole) were heated in  dim ethylform am ide (25 cm 3), w ith stirring, on an oil b a th  at 110 °C 
(d ;5  °C) for 24 h. D im ethylform am ide was evaporated under reduced pressure produced by  
a w ater pum p (about 37 — 39 mbar); w ater (50 cm 3) was added to the residue and i t  w as extract
ed w ith benzene. The benzene solution was dried over anhydrous sodium  su lfate  and the ben
zene was evaporated, to obtain p -to ly lth io lsu lfonate  (6.8 g; 97.8% ). A fter recrystallization  
from  petroleum  ether, the m.p. was 76 °C.

S-Benzyl-isothiuronium  chloride (10 g, about 0.05 mole) dissolved in  w ater (50 cm3) 
was added to the aqueous fraction; after refrigeration the S-benzyl-isothiuronium -p-toluene- 
su lfonate was filtered off and dried (13.8 g; 81.5% ), m .p. 180 —182 °C.

Decom position of di-p-tolyl disulfide trioxide in anhydrous dim ethylform am ide
at 50 °C ( b l a n k  test)

D i-p -to ly l disulfide trioxide [7] (14.72 g; 0.05 m ole) was dissolved in anh ydrous d im ethyl
form am ide (50 cm 3) and heated at 50 °C, w ith  stirring for 24 h. D im ethylform am ide was evap
orated in vacuum  37 —39 mbar, the residue was m ixed with water (50 cm 3) and extracted  
w ith  benzene. The benzene fraction w as dried (N a2S 0 4), filtered and the so lv en t w as evap
orated to obtain  p-tolylth iolsulfonate (7.35 g; 0.026 m ole =  ~  0.25 m ole), m .p. 76 °C. Accord
ing to TLC, the product was identical w ith  an authentic sample; it  was hom ogeneous, con
tain ing no disulfide contam ination.

A solution of S-benzyl-isothiuronium  chloride (10 g; 0.05 mole) in  w ater (50 cm 3) was 
added to the aqueous fraction. The S-benzyl-isothiuronium -p-toluenesulfonate w as cooled, 
filtered  off, washed w ith some water and dried (14.4 g; 0.0425 mole =  ^ 0 .0 5  m ole).
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Reaction o f d i-p-tolyld isu lfide trioxide w ith sod ium  p-toluenesulfinate  
in  anhydrous dimethylformamide at 50 °C

Г
D i-p-tolyldisulfide tr iox ide (14.72 g; 0.05 mole) [7] w as d issolved  in anhydrous d im ethyl

form am ide (50 cm3) and sod ium  p-toluenesu lfinate (17.8 g; 0.1 m ole) was added; the solution  
w as th en  heated, w ith stirring, a t 50 °C for 24 h. The so lv en t w as evaporated in vacuum , the  
residue w as m ixed w ith  w ater (50 cm 3) and extracted w ith  benzene. The benzene fraction was 
dried (N a 2S 0 4), filtered, and th e  so lv en t evaporated to  leave  di-p-tolyl-thiolsulfonate (10.45 g; 
m .p . 76 °C) as hom ogeneous su bstance  identical w ith an a u th en tic  sam ple and containing no  
disu lfide contam ination (TLC). W hen  subtracting the am ou n t o f thiolsulfonate originating  
from  th e  decom position o f d isu lfid e trioxide, the difference w as 3.1 g: this quantity o f th io l
su lfon ate  was probably form ed in  the direct reaction betw een  th e  disulfide trioxide and the  
su lfin a te  anion. Considering the am ount of thiolsulfonate th a t  can be expected theoretically  
in  th is  reaction, it can be sta ted  th a t  the reaction w ith  the su lfin ate  anion, beside the decom 
p o sitio n  of disulfide trioxide, to o k  place in 23%.

Decom position of p -to ly lsu lfin ic  acid methyl ester in  dim ethylform am ide (blank test)

p-Toluenesulfinic acid m eth y l ester [15] (8.5 g; 0.05 m ole) was heated in d im ethyl
form am ide (50 cm3) for 24 h at 100 °C. The TLC test showed th e  presence of some p-toluenethiol- 
su lfon ate. The solvent was evaporated  from the reaction m ixture in  vacuum . After m ethyl 
p-toluenesu lfinate  had also been  rem oved from the residue b y  distillation, the rem aining  
p rodu ct w as p -to ly lth io lsu lfonate  (0 .18  g).

Reaction of p -to ly lsu lfin ic  acid methyl ester w ith  sodium  p-toluenesulfinate  
in  dimethylformamide

p-Toluenesulfinic acid m eth y l ester [15] (8.5 g; 0.05 m ole) and sodium  p-toluenesulfinate  
[17.08 g; 0.01 mole) were h eated  in  dim ethylform am ide (50 cm 3) at 100 °C for 24 h. The solvent  
w as evaporated in vacuum , th e  residue was dissolved in w ater and extracted with benzene. 
T he benzene fraction was dried (N a 2S 0 4) and the so lvent evaporated . The residue crystallized  
spontaneously , to give p -to ly lth io lsu lfon ate  (5.6 g; 46 .6% ), m .p . 76 °C.

R eaction  of p -to ly lth io lsu lfonate  with sodium p -to luenesu lfin ate  in  dimethylformamide

p-T olylthiolsulfonate (13 .9  g; 0.05 mole) and sod ium  p-toluenesulfinate (17.8 g; 0.1 
m ole) were heated in d im ethylform am ide (100 cm3) in an oil b a th  at 120 —125 °C, under stir
ring, for 24 h. Work-up in the usual manner, as described above , gave chrom atographically  
uniform  (TLC) p -to ly ld isu lfide  (11 .4  g, 92.5% ). After recrysta llization  from petroleum ether  
th e  m .p . was 44 °C.

The aqueous fraction  w as m ixed w ith a solution o f S-benzyl-isothiuronium  chloride 
(20 g, 0.1 mole) dissolved in  w ater (100 cm3). The m ixture w as refrigerated, then the S-benzyl- 
isothiuronium -p-toluenesulfonic acid salt was filtered o ff  and dried (29.29 g; 83.6% ), m .p. 
180 — 182 °C.

Disproportionation o f p -tolylthiolsulfinate in dim ethylform am ide (blank test)

p-T olylth iolsulfinate (13 .11 g; 0.05 mole) in dim ethylform am ide (50 cm3) was heated  
on an oil bath at 75 °C, under stirring, for 24 h. The usual w ork-up, after removal of the benzene, 
gave  a residue (12.97 g; 99 .7% ) w h ich  was found to be a m ix tu re  o f thiolsulfonate and disulfide, 
as show n by TLC. After separation  on a column, th io lsu lfon ate  (6.6 g; 94.9% ) and disulfide  
(5 .8  g, 94.3% ) were obtained.

R eaction of p -to ly lth io lsu lfinate  with sodium p -to luenesu lfin ate  in  dimethylformamide
at 75 °C

p-T olylthiolsulfinate (13 .11 g; 0.05 mole) and sod ium -p-toly lsu lfinate  (17.81 g; 0.1 m ole) 
w ere heated in dim ethylform am ide (50 cm 3) on an oil ba th  at 75 °C, under stirring, for 24 h. 
W ork-up as above left a residue (13.7 g) which was found to  be a m ixture of disulfide and
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thiolsulfonate in the TLC test. W hen separated by the colum n chrom atography, thiolsulfonate  
(7 .75 g; more by 1.15 g  =  17.4%  than the am ount obtained in the blank test) and disulfide  
(5 .15 g) were obtained.

R e a c t i o n  o f  / i - t o l y I t h i o l s u l f i n a l e  w i t h  s o d i u m  p - l o l u e n c s u l f i n a t e  i n  d i n i e t l i y l f o r m a n i i d e
a t  1 2 0  °C

p-T olylth iolsulfinate (13.11 g; 0.05 mole) and sodium  p -to ly lsu lfin ate  (8.99 g; 0.05 mole) 
were heated in d im ethylform am ide (50 cm 3) on an oil hath  at 120 °C, under stirring, for 24 h. 
Processing o f the reaction m ixture in the usual manner gave a substance (13.42 g) which proved  
to be the disulfide containing thiolsulfonate, as shown by TLC. W hen separated on a chroma
tographic colum n, th io lsu lfon ate  (0.81 g; about 6% o f the am ount form ed in the former experi
m ent) and disulfide (10.35 g) were obtained.

R e a c t i o n  o f  p - t o l y l t h i o l s u l f i n a t e  w i t h  e x c e s s  s o d i u m  p - t o l u e n e s u l f i n a t e  
i n  d i m c t h y l f o r m a n i i d e  a t  1 2 0  °C

p-T olylth iolsulfinate (13.11 g; 0.05 m ole) and sodium  p -to ly lsu lfinate  (17.98 g; 0.1 mole) 
were heated in d im ethylform am ide (100 cm 3) on an oil bath  at 120 °C under stirring for 24 h. 
A s usual, the solvent evaporated  in vacuum , the residue m ixed w ith  water and extracted w ith  
benzene. After drying (N a 2S 0 4), evaporation of the benzene left a substance (11.8 g; 95.7% ) 
w hich was found to be d isu lfide, according to TLC. A fter recrystallization from petroleum  
ether, m.p. 44 °C.
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Quantum chem ical calculations b y  the CNDO/2 m ethod have  been  carried out 
on the three crystallographic m odifications o f 1-phenylsilatrane. In  th e  calculations, 
the geom etric data determ ined by the X -ray  diffraction technique w ere em ployed. 
The results verify the existence of bonding betw een the silicon and n itrogen  atoms 
( W i b e r g  index 0.35 — 0.39) and the role o f the d orbitals in the bond structure of the 
m olecules.

In tro d u c tio n
I I
+ I

Q u a n tu m  chem ical ca lcu la tio n s o n  s ila tran es  [RS^OCELjC I D jN ] have 
b een  ca rried  o u t by  few  research ers  u p  to  notv. Such ca lcu la tio n s a re  com pli
c a te d  because of th e  la rg e  size o f  th e  m olecules; th e y  req u ire  a n  e ff ic ien t com 
p u te r  an d  a s ign ifican t a m o u n t o f  its  w o rk in g  tim e . Up to  now , co n fo rm atio n a l 
c a lcu la tio n s  have  been  effected  on som e m olecules (1 -m e th y ls ila tra n e  [1,2], 
l-m e th y l-2 -c a rb a -s ila tra n e  [3]), an d  th e  s tru c tu re  o f 1 -h y d ro s ila tra n e  h as  been 
in v e s tig a te d  b y  m eans o f th e  CND O /2 m e th o d  [4]. In  all th e s e  w o rk s, th e  
a u th o rs  estab lished  th a t  in  s ila tran es  th e  endo form  and  th e  sp 3d  h y b r id  s ta te  
o f  th e  silicon a to m  are  en e rg e tica lly  m ore  fav o u red , th a n  th e  exo fo rm  a n d  th e  
sp 3 h y b rid  s ta te  o f th e  silicon a to m . I t  shou ld  be n o ted , h o w ev e r, t h a t  the  
d a ta  used  in  th e  ca lcu la tions b y  th e se  a u th o rs  were n o t th e  e x p e rim e n ta lly  
d e te rm in e d  geom etric ones; fu r th e rm o re , in  th e  CNDO/2 m e th o d  th e  para- 
m e tr isa tio n  o f th e  S i—H  bo n d  is n o t ju s tif ie d . In  th e  p resen t w o rk , th e  resu lts  
o f  q u a n tu m  chem ical ca lcu la tio n s on th e  th re e  c ry sta llog raph ic  m o d ifica tio n s 
o f  1 -p h en y ls ila tran e  b y  th e  CN D O /2 m e th o d  a re  discussed.

C alcu lations

I t  is know n th a t  th e re  a re  th re e  d iffe ren t crysta llo g rap h ic  m od ifica tio n s 
o f  1 -p h en y ls ila tran e . I n  th e  liq u id  s ta te  a n d  in  so lu tion  all th e  th r e e  m odi
f ica tio n s  a re  p resen t, u n d erg o in g  in te rco n v e rs io n  in to  one a n o th e r  b y  rap id  
r in g  in version ; how ever, th e  th re e  m o d ifica tio n s can be p re p a re d  sep a ra te ly  
b y  su itab le  selection  o f  th e  c ry s ta lliz a tio n  cond itions. X -ray  d if f ra c tio n  struc-
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tű r e  d e te rm in a tio n s  h a v e  b e e n  carried  ou t fo r a ll th e  th re e  m od ifica tions 
[5 —7] a n d  th e  geom etric d a t a  a re  available. T h e  m a in  d a ta  are  show n in  
T a b le  I .

T h e se  experim en ta l d a t a  (bond  d istances, b o n d  angles) w ere u tilized  in  
o u r  q u a n tu m  chem ical c a lc u la tio n s .

Table I

Geometric data o f  the three crystallographic m odifications o f  phenylsilatrane

a [5] ß [6] YU]

S i - N 219.3 pm 215.6 pm 213.2 pm

S i- C 188.2 pm 190.8 pm 189.4 pm

Si—0  average 165.6 pm 165.7 pm 165.6 pm

0 —C average 143.9 pm 142.3 pm 142.5 pm

С—C average 149.8 pm 148.7 pm 154.5 pm

C—N average 147.4 pm 146.9 pm 147.3 pm

NSiC 177.9° 177.0° 179.0°

OSiO average 118.5° 118.6° 118.8°

SiOC average 123.4° 122.8° 123.5°

OCC average 111.2° 110.0° 107.9°

CCN average 107.2° 107.1° 105.4°

CNC average 113.8° 113.6° 113.1°

I t  p resen ted  a d if f ic u lty  th a t  in  th e  case o f  th e  а -form , T urley  a n d  
B o er  [5] d id  no t d e te rm in e  th e  sites of h y d ro g e n  a to m s in  th e  m olecule. 
T h e re fo re , th e  co o rd in a tes  o f  hyd rogen  a to m s w ere  c a lcu la ted  for th e  t e t r a 
h e d ra l  a rran g em en t in  th e  case  o f m ethy lene  g ro u p s  an d  for th e  tr ig o n a l 
a r ra n g e m e n t when th e  h y d ro g e n  atom s are  a t ta c h e d  to  th e  a ro m atic  r in g , 
u s in g  100 p m  distance fo r  t h e  C —H . The o rd e r-d iso rd e r  s tru c tu re  [5] a llow ed  
d if fe re n t a rrangem en ts o f  t h e  r in g ; one of th e m  w as chosen  a rb itra r ily  fo r th e  
c a lc u la tio n s . In  th e  o rig in a l CN D O /2 p rog ram  [8], a n  erroneous fo rm ula  w as 
g iv e n  fo r  th e  ca lcu la tion  o f  t h e  у  com ponent o f  th e  p d  a to m  dipole; in  th e  
p ro g ra m  em ployed b y  u s  i t  w as  corrected as fo llow s:

, 4 —2.5 4 1 6  • 1 0 -29
= ------------------------------- .

+  P3dxv(A ). З р х ( Л )  —  P 3dx,-y,

5376

a  2 f 5  Z { A )
[ P 3d,  2(A), 3p2(A) -f"

(A), 3p,(A) — 1 /3 P 3d2.(A), 3p,(A)]

(in  C m  u n its ).
N o t only spd -based  ca lcu la tio n s  were c a rr ie d  o u t ,  b u t  also o th e r c a lc u 

la t io n s ,  w here th e  e ffec t o f  t h e  d-orb itals o f  silicon  w ere  neglected  (sp b asis).
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Results and Discussion

T h e  energy  values o b ta in e d  for th e  th ree  m o d ifica tio n s  a re  listed  in 
T ab le  I I .

T h e  resu lts  show s th a t  th e  en erg y  values in  th e  a- a n d  /^-m odifications 
p ra c tic a lly  agree w ith  each  o th e r  ( th e  difference is 80 k j /m o le ) ,  while the 
d a ta  fo r th e  у-m od ifica tion  s ig n if ican tly  differ from  th e se  (b y  500 and 420 
k j/m o le ) . In  a n o th e r c a lcu la tio n  th e  C —H  bond  d istance  w as in c rea sed  to  105 
a n d  108 pm . In  th is  case, a s ig n if ican tly  m ore neg a tiv e  v a lu e  w as o b ta in ed  for 
th e  energy , th u s  th e  C —H  d is ta n c e  has an  im p o rta n t ro le  in  th e  to ta l  energy

Table II

Calculated energy values o f  phenylsilatranes, in J/mole units

Base Energy
Modification

a У

spd Total - 4 .4 4 4  • 108 —4.443 • 108 - 4 .4 3 9  • 108

Binding - 3 .9 8 7  • 107 - 3 .9 7 9  • 107 - 3 .9 3 7  • 107

sp Total —4.417 • 108 - 4 .4 0 7  • 108 - 4 .4 0 2  • 108

Binding - 3 .7 2 0  • 107 - 3 .6 1 9  • 107 - 3 .5 7 5  • 107

o f  th e  m olecule. Since th e  po sitio n s o f  hyd ro g en  atom s d e te rm in e d  b y  X -ray  
d iffrac tio n  a re  r a th e r  u n c e rta in , no conclusion  regard ing  th e  r a p id  an d  ready 
in te rco n v ers io n  o f th e  th re e  m o d ifica tio n s  can  be d raw n  f ro m  th e  energy 
values. In  T ab le  I I I ,  th e  n e t a to m ic  charges are  su m m arized .

Table III

Net atomic charges in phenylsilatranes

Atom
a ß У

spd sp »I>'1 sp spd 8p

Si 0 .4 5 8 6 1 .3 6 3 4 0 .4 5 5 3 1 .3563 0 .4 4 1 2 1 .3506

0 * - 0 . 2 9 8 1 - 0 . 4 7 1 8 — 0 .3 0 0 3 - 0 . 4 7 6 2 - 0 . 3 0 0 1 - 0 . 4 7 9 3

C(O)* 0 .1 4 4 5 0 .1 2 4 8 0 .1 5 0 5 0 .1 2 1 4 0 .1 4 6 1 0 .1182

C(N)* 0 .0 7 6 6 0 .0 7 4 6 0 .0 7 0 1 0 .0 6 0 9 0 .0 6 0 1 0 .0498

N - 0 . 0 9 4 4 - 0 . 1 8 1 2 — 0 .0 8 9 9 - 0 . 1 8 1 5 — 0 .0 7 8 9 - 0 . 1 7 4 2

C(Si) - 0 . 1 0 7 4 - 0 . 2 0 0 7 - 0 . 1 1 0 0 - 0 . 2 0 5 6 - 0 . 0 9 7 5 - 0 . 1 8 6 2

C(ortho)* 0 .0 4 8 2 0 .0 3 2 9 0 .0 4 8 6 0 .0 3 0 9 0 .0 2 3 0 0 .0004

C(nieta)* - 0 . 0 2 0 3 - 0 . 0 0 2 6 — 0 .0 2 1 7 - 0 . 0 0 9 2 - 0 . 0 5 3 2 — 0.0367

C(para)* 0 .0 2 2 5 0 .0 1 8 8 0 .0 1 6 9 0 .0 1 0 3 0 .0 4 0 2 0 .0312

* Average values
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I t  is s e e n  th a t  th e  ca lcu la tio n s  in  w hich th e  d o rb ita ls  a re  neglected  can n o t 
h e  u s e d , th e  n e t atom ic c h a rg e  o f  silicon is e x tra o rd in a r i ly  h igh , 1 .3 5 —1.36. 
T h e  r e s u l ts  o f  calculations o n  t h e  sp d  basis in d ica te  t h a t  th e  charges o f id en tica l 
a to m s  in  th e  th ree  m o d ific a tio n s  a re  nearly  th e  sa m e , th e re  is no sign ifican t 
d iffe re n c e  in  th e  charge d e n s itie s . T he charges o f  th e  a ro m a tic  carbon  atom s 
— in  re s p e c t  of th e ir  chan g es — ag ree  well w ith  th e  co rresp o n d in g  values o b 
ta in e d  e a r lie r  for tr im e th y lp h e n y ls ila n e  (CH3)3SiCeH 5 b y  th e  CNDO/2 m eth o d
[9], t h a t  is : ipso: —0.0945, о 0.0585, m —0.0132, p 0.0262. A ce rta in  
c o r re la t io n  can  be e s ta b lish e d  b e tw een  th e  n e t ch a rg es  a t  th e  carbon  a tom s 
a n d  t h e  13C chem ical sh if ts . T h e  13C chem ical sh if ts  o f  th e  carbon  a tom s in  
p h e n y ls i la tra n e  are as fo llow s [10]:

C(O) 57.62 p p m
C(N) 50.86 p p m
C(Si) 142.19 p p m
C [ortho) 134.00 p p m
C (met a) 126.92 p p m
C (para) 127.37 p p m

T h e  correlation  b e tw e e n  th e  tw o q u an tities is o n ly  q u a lita tiv e ; a  m ore  
e x a c t  co rre la tio n  can n o t b e  e x p e c te d  th eo re tica lly , e ith e r . In  T able  IV  th e  
m o d if ie d  W i b e r g  indices o f  t h e  S i—N ,  S i— C a n d  S i — О  bonds a re  given.

Table IV

M odified  W iber g  indices o f phenylsilatranes

Base Bond a ß У

spd S i - N 0.3497 0.3759 0.3943

S i- C 1.0648 1.0498 1.0577

Si—0  (average) 1.1941 1.1887 1.1795

sp S i - N 0.1533 0.1706 0.1828

S i- C 0.8889 0.8813 0.8864

Si—0  (average) 0.7601 0.7579 0.7468

T h e  W i b e r g  indices [12] exp ress th e  s tre n g th  o f  b o n d s  developed b e tw een  
th e  a to m s , th a t  is, th e  b o n d  o rd e r . The ca lcu la tions c o n firm  th a t  in  s ila tran es  
a  c h e m ic a l bond exists b e tw e e n  th e  silicon and  n itro g e n  a to m s, its  bond  o rd er 
b e in g  0 .35 —0.39. As e x p e c te d , th e se  values ch an g e  in  th e  th re e  m odifica tion  
in v e r s e ly  w ith  th e  Si —N  b o n d  d istance . The sp -b ased  ca lcu la tions gave values
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low er b y  0.2, th e  W i b e r g  in d ex  w as 0 .1 5 —0.18. T his also co n firm s th a t  th e  
d -o rb ita ls  o f  silicon h a v e  a n  im p o r ta n t ro le in  th e  s tru c tu re s  o f  th e  m olecule. 
T h e  values re la tin g  to  th e  Si —C bo n d  are  a b o u t 1.05, low er th a n  th o s e  o b ta in ed  
fo r tr im e th y lp h e n y ls ila n e  (1.0866) [9]. T he decrease  can  he  ex p la in ed  b y  th e  
fa c t th a t  in  p h e n y ls ila tra n e  th e  silicon can  develop  on ly  a w eak er b o n d  w ith  
th e  a rom atic  ca rb o n  a to m  b ecau se  o f th e  fo rm a tio n  o f  th e  Si N  c o o rd in a tiv e  
b o n d . T he d a ta  o b ta in e d  fo r th e  S i—0  bond  in d ic a te  t h a t  a s ig n ifican t л  bond  
also  developes b e tw een  th e  silicon an d  oxygen  a to m s. T ab le  Y show s th e  cal
c u la te d  dipole m o m en ts  o f  th e  p h e n y ls ila tra n e  m o d ifica tions.

Table V

Calculated dipole moments o f  phenylsilatranes ( • 1029 Cm)

Basis a P У

spd from charge 1.254 1.350 1.279

sp atom ic dipole 1.286 1.301 1.340
pd atom ic dipole 0.210 0.197 0.204

resultant 2.749 2.848 2.823

sp from charge 0.523 0.691 0.565

sp atom ic dipole 1.560 1.583 1.649

resultant 2.083 2.274 2.214

T he ca lcu la ted  d ipole  m o m en t d a ta  a re  h ig h er th a n  th e  e x p e rim e n ta l 
va lu es  (1.92 ■ 1 0 ~ 29 Cm [11]). T he values o b ta in ed  for th e  th re e  m o d ifica tio n s 
a re  n ea r to  each  o th e r. T h e  resu lts  o f ca lcu la tions o n  th e  sp basis  a re  low er 
b y  a b o u t 0.6 • 1 0 -29 Cm th a n  tho se  o b ta in ed  in  th e  sp d -h ased  ca lcu la tio n s. 
O n th e  basis o f th e  la t te r  ca lcu la tio n s, th e  re su lta n t v a lu e  is o b ta in e d  from  
th re e  com ponen ts: ch arg e , sp atom ic  dipole an d  pd  a tom ic  dipole. A ll d ipole 
com p o n en ts  are  n e a rly  p a ra lle l to  th e  Si —N  bo n d  an d  show  to w ard s  th e  n i tro 
gen a to m . F o r ex am p le , in  th e  case of th e  a-isom er, th e  d ipole co m p o n en t 
re su ltin g  from  th e  ch a rg e  is 1.62°, th e  sp a to m ic  d ipole is 0.66°, th e  p d  a to m ic  
d ipo le  is 4.18°, g iven  as ang les to  th e  S i—N b o n d . T h e  v alue  o f th e  p d  a to m ic  
d ipo le  (0.2 • 1 0 ~ 29 Cm) show s th e  sig n ifican t ro le o f  th e  d o rb ita ls  in  th e  
d ipo le  m om ent o f  th e  m olecule.

*

The authors’ thanks are due to Mr. Gy. B á n k i  (B ratislava) for his assistance in  the  
calculations.

A d a  Chim. Acad. Set, H ung. 106, 1981



290 HENCSEI, CSONKA: QUANTUM CHEMICAL CALCULATIONS

R E F E R E N C E S

[1] V o r o n k o v , М. G., K e ik o , V . V ., S id o r k in , V. F ., P e s t u n o v ic h , V. A ., Z e l c a n , G. I.:
K him . Geteroc. Soed., 1 9 7 4 ,  613

[2] V o r o n k o v , M. G., Sid o r k in , V . F ., Sh a g u n , V. A ., P e s t u n o v ic h , V. A ., Ze l c a n , G. I.:
K him . Geteroc. Soed., 1 9 7 5 ,  715

[3] S id o r k in , V. F ., Sh a g u n , V . A ., P estu n o v ic h , V . A ., V o ro n k o v , M. G.: K him . Geteroc.
Soed ., 1 9 7 6 ,  1347

[4] S id o r k in , V. F ., P e s t u n o v ic h , V. A., Sh a g u n , V. A ., V o ron k ov , M. G.: D oki. Akad.
N au k . SSSR, 233, 386 (1977)

[5] T u r l e y , W. J., B o e r , F . P .: J . Am. Chem. Soc., 90, 4026 (1968)
[6] P á r k á n y i, L., S i m o n , K ., N a g y , J . :  Acta Cryst., В 30, 2328 (1974)
[7] P á r k á n y i, L., N a g y , J ., S im o n , K.: J. O rganom etal. Chem ., 101, 11 (1975)
[8] D o b o s h , A.: CNDO and IN D O  Molecular Orbital Program  (F O R T R A N  IV), QCPE 141

(1968)
[9] R é f f y , J., H e n c s e i , P ., N a g y , J.: Period. P olytech . Chem. E ng., 20, 279 (1976)

[10] G l u k h ik h , V. I., T a n d í j r a , S. N ., K uzn etso va , G. A ., K e y k o , V. V ., D y a k o v , V. M.,
V o r o n k o v , M. G.: D ok i. A kad. Nauk. SSSR , 239, 1129 (1978)

[11] H e n c s e i , P., Z s o m b o r , G., B i h á t s i , L., N a g y , J.: Period. Polytech . Chem. E n g ., 23,
185 (1979)

[12] W i b e r g , K.: Tetrahedron, 24 , 1083 (1968)

A cta  Chim. Acad. Sei. Hung. 106, 1981



Acta Chimica Academiae Scienliarum Hungaricae, Tomus 106 (4), pp. 291-—296 (1981)

SYNTHESIS AND PHOTOCHEMISTRY 
OF SILYLPHENYLPROPADIENES 

AND SILYLPHENYLPROPYNES

L. F á b r y  and P . G ö m ö r y

,Department o f  General and Inorganic Chemistry, Eötvös Loránd U niversity, B udapest)

R eceived  February 1, 1980 
Accepted for publication April 22, 1980

The synthesis and photoisom erization of the title  com pounds are described. 
Bis (silyl)-3-phenylpropyne y ields a [l,3]-photorearranged product o f  propadiene type, 
whereas tris(silyl)-3-phenylpropadiene is photochem ically  stable; how ever, a [1,3]- 
-thermal rearrangem ent of the term inal silyl groups occurs.

R ecen tly , th e  p h o to lysis  o f  p e n ta m e th y ld is ila n y l-p h e n y lac e ty le n e  was 
fo u n d  to  y ield  l,l-d im e th y l-2 -tr im e th y ls ily l-3 -p h e n y l-l-s ila c y c lo p ro p -2 -e n e  
a n d  l,l-d im e th y l-3 - tr im e th y ls ily l-3 -p h e n y l-l-s ily p ro p a d ie n e  [ 1 —4]. R ecen t 
in v estig a tio n s on th e  p h o to ch em ica l fo rm atio n  o f th e  re a c tiv e  silicon species 
fro m  th e  s ily l-su b s titu te d  a lk y n es  show ed ev idence  o f  th e  pho tochem ica l 
tra n sfo rm a tio n  o f 1-silyl- an d  l-d is ilan y l-3 -trim e th y ls ily l-3 -p h en y lp ro p y n es , 
a n d  th e  co rrespond ing  s ily l-su b s titu te d  p h en y lp ro p a d ie n e  d e riv a tiv e s  w ere 
o b ta in ed  [5]. W e h a v e  observed  a novel ty p e  o f  p h o to iso m eriza tio n  o f 1-di- 
s ilan y l-l,3 -b is(trim e th y ls ily l)-3 -p h en y lp ro p ad ien es  invo lv in g  [l,3 ]-sh if ts  o f b o th  
th e  tr im e th y ls ily l an d  d isilany l g roups. T he t i t le  com pounds h av in g  b u lk y  an d  
e lec tro n -w ith d raw in g  su b s titu e n ts , such as cy c lo h ex y ld im eth y ls ily l an d  pheny l- 
d im ethy lsily l, w ere p rep ared  in  o rd e r to  in v e s tig a te  th e  re a c tio n  m echan ism  
o f th e  p h o to rea rran g em en t. A sig m atro p ic  m ech an ism  w as assum ed  an d  con
firm ed  by  d a ta  o f pho to lysis  a n d  therm olysis .

R esu lts  and  D iscussion

Syn thesis o f  silyl-substitu ted  phenylpropyn.es and propadienes

The co m pounds w ere sy n th esized  b y  th e  m e th o d  o f W e s t  el al. used  for 
th e  syn thesis  o f analogous co m pounds [6]. l-P h en y ld im e th y ls ily l-3 -p h en y l-  
p ro p y n e  (I) w as p rep a red  in  th e  reac tio n  of 1 -p h en y lp ro p y n e  w ith  1 m olar 
eq u iv a len t o f  butyllith ium -iV ,iV ,iV ,,iV,-te tra m e th y le th y len e d ia m in e  (B uL i/ 
/TM ED A ) in  h ex an e , follow ed b y  th e  coupling w ith  ch lo ro d im eth y lp h en y ls ilan e . 
A  y ie ld  of 56%  w as o b ta in ed . S im ilar reac tio n s  o f  li th ia te d  p h en y lp ro p y n e
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w ith  ch lo ro d im eth y lcy c lo h ex y ls ilan e  produced  th e  co rrespond ing  cyclohexyl 
s u b s t i tu te d  propyne, II. F u r th e r  lith ia tio n s  an d  coup ling  reac tio n s  y ielded  
b is- a n d  tris -s ily l-su b s titu te d  III a n d  IV (Schem e 1).

T h e  m onosilyl d e r iv a tiv e s  I, II could be iso la ted  from  th e  re a c tio n  m ix tu re  
b y  f r a c t io n a l  d istilla tion . H o w ev e r, th e  frac tions o f  th e  h ig h er s ily la te d  com 
p o u n d s  (III, IV) alw ays c o n ta in e d  1 0 —15%  of all th e  re sp ec tiv e  isom ers, 
th e r e fo re  III and IV w ere iso la te d  in  th e  p u re  s ta te  b y  p re p a ra tiv e  GLC.

T h e  s tru c tu res  of th e  n ew  com pounds I —IV w ere confirm ed  b y  e lem en ta l 
a n a ly s e s  an d  IR , MS a n d  T I-N M R  spectroscopic  m e th o d s  (see T ab le  I).

P h C = C C H 3 +  BuLi(TMEDA) 

R'MégSiCl

PhCH2C= CLi (TMEJ)A)

PhC H 2Ca=CSiMe2R'

I R ’ =  Ph

II R' =  cyclohexyl

P hC H 2C = C SiM e2R' BuLi(TM EBA)

Ph—C U C ^ C S iU e2K h i
1
SiMe3 R- =  Ph

+
Ph SiMe2R' IV

\  /c=c=c
/  \

МезУ! 8iMe3 R' a  Ph

Ph SiMe2R'
2M e3SiCl V „  V

P hC H 2C =C SiM e2R' +  2 BuLi (TMEDA) ---------------* -  ^ = 0 = 0
Mc3Si SiMes

Scheme 1

P h o to ly s is  o f silyl-substituted phenylpropyne

T h e  photolysis o f  l-p h e n y ld im e th y ls ily l-3 -tr im e th y l-3 -p h en y lp ro p y n e  
(III) w ith  UV ligh t y ie ld ed  l-p h e n y ld im e th y ls ily l- l- tr im e th y ls ily l-3 -p h en y l-  
p ro p a d ie n e . N either th e  e x p e c te d  silacyclopropenes n o r silap ro p ad ien e  could 
b e  d e te c te d , a lthough  b o th  w ere  p roduced  in  th e  pho to ly sis  o f  d isilanyl- 
-p h en y lace ty len es  [1]. W h e n  a  so lu tio n  o f  l-p h en y ld im e th y ls ily l-3 -tr im e th y l-  
s ily l-3 -p h en y lp ro p y n e  (III) w as ir ra d ia te d  w ith  a h ig h -p ressu re  m e rc u ry  lam p 
fo r  8 h o u rs  in  th e  p resence  o r  in  th e  absence of m e th an o l, th e  [ l,3 ]-s ily l-sh ift 
a n d  th e  fo rm ation  o f th e  re sp e c tiv e  allene (Ilia) w as o b serv ed  in  th e  eq u ilib 
r iu m  m ix tu re  having  a r a t io  o f  1 to  9 of III/IIIa. S urp ris in g ly , th e  reaction

IV

R' =  Ph
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Table I

Data o f  silyl-subslituted phenylpropynes and propadienes

VC — C  [Crr 
f c - c - c  1

M +  [ m / e ] 'H -N M R  (d [p p m ], in  CC14)
E le m e n ta l an a l.

la se r-R am a n IR
calc /found  [ % ]

I PhCH2C=CSiM e2Ph 2165 2170 250 0.41 SiMe2Ph, s, 6H;
3.66 CH2C, s, 2H;
7.10—7.60 aromatic, m, 10H

CjjHigSi

C 81.54/81.38 
H 7.25/7.13

1.5508

II PhCH2C=CSiM e2chex 2190 2185 256.164 0.12 SiMe2chex, s, 6H;
1 18 and 1.72 chex. m, 11H; 
3.66 CH2C, s, 2H;
7.10—7.50 aromatic, m, 5H

C i ^ S i 1.5183

III PhCHC=CSiM e2Ph 2165 2160 322 0.06 SiMe3, s, 9H;
0.42 SiMe2Ph, s, 6H;
3.18 CHC, s, 1H;
6.95—7.55 aromatic, m , 10H

C20H26Si2

C 74.46/74.74 
H 8.12/8.30

1.5550

1Па P hC H = C =C SiM e3 Ph 
1

Me3Si

1886, 1908 1910 322 0.04 SiMe3, s, 9H;
0.44 SiMe2Ph, d, 6H, J  =  1.9 Hz 
5.52 CHC, s, 6H;
6.95—7.55 aromatic, m, 10H

C 74.46/74.67 
H 8.12/8.18

1.5713

IV P hC =C =C SiM e2Ph  
1 1

Me3Si SiMe3

1908 1910 394 0.03 SiMe3, s, 9H;
0.17 SiMe3, s, 9H;
0.42 SiMe2, s, 6H;
7.05—7.60 aromatic, m , 10H

N

C23H 34SÍ3

C 69.98/69.92 
H 8.68/8.57

1.5562

IVa P hC = C = C SiM e3
1. . 1 

PhMe2Si SiMe3

1910 394 0.17 SiMe3, s, 18H;
0.37 SiMe2, s, 6H;
7.05—7.65 aromatic, m, 10H
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w as fo u n d  to  give I l i a  in  a  c o n sid e rab ly  h igh  y ie ld  (85% ), w ith o u t a n y  o th e r  
b y -p ro d u c ts . The co m p o n en ts  o f  th e  re a c tio n  m ix tu re  w ere id e n tif ie d  b y  IR  
a n d  XH -N M R  spectro scopy . A  s tro n g  allen ic  p e a k  o f  1910 c m -1  in d ic a te d  th e  
a llen ic  s tru c tu re , an d  th e  a c e ty le n ic  C = C  tr ip le  b o n d  ap p ea red  a t  2150 c m -1 . 
F u r th e rm o re , th e  tr im e th y ls ily l-sh if t in  th e  1H -N M R  sp ec tra  p ro v id ed  ev idence  
fo r  tw o  d iffe ren t tr im e th y ls ily l  g roups (Ő =  0.42, s, fo r I I I  a n d  6 =  0 .44, d , 
for I l i a ) .

T h u s  th e  p h o to iso m eriza tio n  ace ty len  —>- a llene  show s th e  c h a ra c te r is tic s  
o f  a  ’’no -m ech an ism ”  s ig m a tro p ic  m ig ra tio n . In  ad d itio n , p y ro ly sis  e x p e ri
m e n ts  a lso  su p p o rt th is  m ech an ism .

P y ro ly s is  o f  silyl-substitu ted  p heny lpropyne  and propadiene

T h e  pyrolysis o f  th e  b is(s ily l)p h en y lp ro p y n e  (III) d id  n o t y ie ld  re a r ra n 
g ed  p ro d u c ts  even a t  400 °C. T h ere  was no  sign o f  p ro p ad ien es e ith e r  in  sealed  
tu b e ,  h e a te d  for 3 h o u rs , o r in  q u ick -py ro lysis . H ow ever, th e  re a rra n g ed  
p ro p a d ie n e  IV a an d  n u m ero u s  b y -p ro d u c ts  w ere  o b ta in ed  in  th e  p y ro 'y s is  
o f  tr is (s ily l)p h e n y lp ro p a d ie n e  (IV) in  sealed  tu b e , h e a te d  a t  400 °C fo r 1 ho u r 
th o u g h  th e  yield o f IV a d id  n o t  exceed 5%  (Schem e 2).

Ph SiMoaK' bi
\  /  ----*-C=c=c /1
/  \  •—

MeaSi SiMea

IV IVa

Ph SiMc3

\ < = c = c  
/  \

R 'M e2Si SiMc3

Ph—C H C = C S iM e2R'
J
SiMes

hv

A Vh—C=C—C 
H  V

SiMe2R '
/

SiMe,

III
Scheme 2

Ilia

E xperim en ta l

The photolysis experim ents were carrried out in  an atm osphere of dry nitrogen using  
a 100 W  high-pressure m ercury lam p sorrounded b y  a quartz cooling jacket. T he pyrolysis 
exp erim en ts were effected partly  in  P yrex  tubes o f 1 cm 3 volum e sealed in  a n itrogen atm o
sphere and heatedfor a longer period a t 400 °C, and partly  in  a JE O L  JCG 1100 chrom atograph  
eq u ip p ed  w ith  a glass pyrolysis dev ice , in  w hich the residence tim e was 2 s and th e  tem perature  
range w as programmed from  200 to  400 °C.

T he products were identified  b y  m eans o f GLC using tw o different colum ns: 6%  OV-1 
on  Chromosorb W  and 10%  A piezon  on  Celite 545. P roton NM R spectra were recorded b y  a 
J E O L  JNM -M H-100 and a V arian EM 360 A spectrom eter, using carbon tetrachloride solvent 
and  cyclohexane as internal standard. The IR  spectra o f th in  liquid film s were determ ined by

Acta  Chim. Acad. Sei. Hung. 106, 1981



FÁBRY, GÖMÖRY: SILYLPHENYLPROPADIENES AND SILYLPHENYLPROPYNES 295

Zeiss Specord U R  75, w hile laser-Ram an spectra were recorded w ith a Jobin Y v o n  Ram anor 
H G  2 S spectrophotom eter. Mass spectra were obtained  w ith  an A E I MS 900 m odel, using an 
ionizing voltage of 24 eV. An Aerograph A 700 GLC device  was used for the separation  of the 
reaction  products. T he products were separated b y  a 9.5 m m  X 4.57 m colum n containing 10%  
SE -30 on Chromosorb W . Slightly yellow  liquids w ere obtained.

l-D im cthylphenylsilyl-3-plienylpropyne (1)

A m ixture of 6.5 g (0.056 mole) o f 1-phenylpropyne and 6.5 g (0.056 m ole) o f  JV,JV,1V’,1V’* 
-tetram ethylethylene-diam ine (TM EDA) in 15 cm 3 abs. hexane was placed in a 200 cm 3 three" 
necked flask, f itted  w ith  a stirrer, dropping funnel and condenser. To th is so lution  43 cm3 
o f 1.4 M  bu tyllith ium /hexane solution (1 m ole-equiv.) w as slow ly added at —70 °C. T he reac
tion  m ixture was warm ed to room tem perature and th en  gently  refluxed for 15 m in. Chloro- 
dim ethylphenylsilane (10.7 g; 0.063 m ole) in  10 cm 3 abs. T H F  was added to  th e  brown oily 
solution; the m ixture w as refluxed for 30 m in. and th en  hydrolyzed w ith w ater. The organic 
layer was separated and washed w ith water. The organic content o f the water layer w as recov
ered b y  repeated extraction  w ith  water ether. The organic layers were then  com bined and 
dried over K 2C 0 3. T he solvents were evaporated and th e  residue was fractionally  distilled at 
133 — 135 °C at a reduced pressure of 2 mbar. A yield  o f  10.9 g (78% ) of I  was obtained.

l-D im ethylcyclohexylsilyl-3-phenylpropyiie  (П )

This com pound was prepared by the sam e procedure as described above for I, however, 
ch lorodim ethylcyclohexylsilane was used as the coupling agent. 1-Phenylpropyne, TM EDA,
1.4 M  butyllithium  sloution , and the chlorosilane were allowed to react in the am ounts of 
2.32 g(0 .02  m ole), 2.32 g (0.02 m ole), 15.5 cm 3 (1 m ole-equ iv .) and 3.6 g (0.02 m ole), respectively . 
The product had b.p. 149 — 150°C /1.3 mbar; the y ield  w as 65% .

Chlorodim ethylcyclohexylsilane (П )

This reagent was synthesized by a m ethod sim ilar to that of Saam [7] and Sp e ie r  [8]. 
A m ixture of 16.4 g (0.2 m ole) o f cyclohexene, 14.1 g (0.2 m ole) of chlorodim ethylsilane and 
4 cm 3 o f 0.5 M  hcxachloroplatinate in abs. isopropanol w as filled into 5 Pyrex-bom bs o f 50 cm 3 
volum e in 5 equal parts. The bom bs were kept a t 100 °C for a week; the reaction m ixture was 
then distilled at reduced pressure; b.p. 60 —61 °C/1.3 m bar, yield 22%.

l-D im ethylphcnylsilyl-3-trim ethylsilyl-3-jihcnylpropyne (III)

Compound III w as prepared in two subsequent steps, sim ilarly to the procedure de
scribed for I. The quantities used of I, TM EDA, 1.4 AT b u ty llith iu m  solution and chlorotrim ethyl- 
silane were 6.25 g (0.025 m ole), 6.25 g (0.025 m ole), 19.3 cm 3 (1 m ole-equiv.) and 2.70 g (0.025 
m ole), respectively. The product had b.p. 148 — 150 °C/2 mbar, the yield was 55% ; it  was 
contam inated by sm all am ounts o f I l ia  and IV, w hich, how ever, could readily be rem oved by  
m eans o f preparative GLC.

l-D im ethylphenylsilyl-l,3-b is(trim ethylsilyl)-3-phenylpropyne (IV )

Compound IV w as prepared in tw o subsequent steps sim ilarly to the procedure given  
for III. The reaction m ixture had to be handled very  carefully , since compound IV was found  
to be therm ally unstab le. The am ounts o f I, T M ED Á , 1.4 M  butyllithium  solution and chloro- 
trim ethylsilane were 2.75 g (0.011 m ole), 5.50 g (0.022 m ole), 17.0 cm 3 (2 m ole-equ iv .), and 
2.70 g (0.025 m ole), respectively . R.p. 155 — 157 °C/2 m bar, y ield  41%.

Photolysis o f l-silyl-3-trim ethylsilyl-3-phenylpropyne I '

III (1.0139 g; 3.15 m m oles) and 0.0657 g (0.3 m m ole) o f C16H M internal standard were 
dissolved in 80 cm 3 o f  abs. cyclohexane and placed in to  th e  immersion apparatus for an 8-h  
irradiation. The so lvent w as then evaporated and the residue distilled at a reduced pressure
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a t 200 °C/2.7 mbar. P hotolysis y ie ld ed  and equilibrium m ixture consisting of 10% o f III and 
90%  o f  Ш а , the total com bined y ie ld  being 94% . The reverse reaction produced 9%  o f III 
and 91%  o f  I lia , in a total com bined  yield  of 90% after irradiation in  a quartz tube for 11 h. 
T he q u an tities  used in the sm all scale experim ent were: 0.1240 g (0.38 m m ole) o f I l ia  and  
0 .0067  g  (0.03 mmole) o f CleH 34 in  10 cm 3 of abs. cyclohexane.

Photolysis o f l,3-h is(silyl)-3-trim ethylsilyl-3-phenylpropyne

A  solution of 0.5430 g (1 .4  m m ole) o f IV and 0.0602 g (0.3 mmole) o f C16H 34 in  10 cm 3 
abs. cyclohexane was filled in a quartz  tube capped b y  a rubber stopper. After an irradiation  
for 16 h , no rearranged product could  be detected b y  GLC. The content o f  IV in th e  sam ple  
w as 77%  o f the original value.

Thermal reaction o f  l-silyl-3-trim ethylsiIyl-3-phenylpropyne

III (0.0124 g; 0.04 m m ole) w as placed in  a P yrex  tube o f 1 cm 3 volum e and sealed  in  
a n itro g en  atmosphere, then h ea ted  at 400 °C for 3 h. No evidence of acetylene/allene isom eri
za tio n  w as found on analysis b y  laser-R am an spectrophotom etry. Quick pyrolysis: 5 g o f a 
50%  n-h exan e solution of III w as injected  to a pyrolysis equipm ent; the m ixture w as then  
a n a ly zed  b y  means of GLC. N o  relevant change was d etected  in  the reaction m ixture by  
increasing  the temperature from  250 to 450 °C.

Thermal reaction o f l,3-b is(silyl)-3-trim ethylsilyl-3-phenylpropyne

IV  (0.0156 g; 0.04 m m ole) w as placed in a P yrex tube of 1 cm3 volum e and sealed  in  
a n itro g en  atmosphere, then h ea ted  at 400 °C for 1 h. The reaction m ixture, w hich show ed  
signs o f  strong carbonization w as dissolved in carbon tetrachloride, filtered and analyzed  by  
m ea n s o f  1H-NM R spectroscopy, usin g  cyclohexan as internal standard. The result revealed  
th a t  th e  sh ift of the 3 -trim ethylsily l group disappeared (<5 =  0.03) and a new shift o f 3-dim eth- 
y lp h en y ls ily l (6 =  0.38) w as observed. The ratio o f the in ten sity  o f the la tter  sh ift to  th a t  
o f  th e  <5 =  0.17 of trim ethylsilyl w as found to be 1 to 3.
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A roylphenylacetylenes ( I a - c )  react w ith e th y l cyanoacetate and ethyl aceto- 
acetate in the presence o f sodium  ethoxide to give the corresponding 3-cyano-4,6-diaryl- 
-2H -pyran-2-ones ( I l l a - c )  and l,6-d iaryl-2 lf-pyran-2-ones ( I V a - c ) ,  respectively. O n  
the other hand, m alononitrile and acetylacetone gave w ith the sam e acetylen ic ketones 
the corresponding l-aryl-4 ,4-d icyano-3-phenylbut-2-en -l-ones ( V a ,  b )  and l-aryl-4,4- 
-d iacetyl-3-phenylbut-2-en-l-ones (V c—e), respectively. In all cases the reactions seem  
to take place via  norm al M ichael addition.

T he reac tio n  o f  ace ty len ic  ketones w ith  m alonic  es te rs  in  th e  presence 
o f  sod ium  e th o x id e  has b een  rep o rted  [1] an d  its  m ech an ism  proposed  [2 —4]. 
T h e  a im  of th e  p re sen t w ork  w as to  s tu d y  th e  reac tio n s  o f  a ro y lp h en y lace ty 
lenes ( la  —c) w ith  o th e r  ac tiv e  m eth y len e-co n ta in in g  com pounds, such as e th y l 
cy an o ace ta te , e th y l a c e to a ce ta te , m alo n o n itrile  an d  ace ty lace to n e , in  o rd er to  
e s tab lish  th e  s tru c tu re  an d /o r con fig u ra tio n  of th e  p ro d u c ts , as well as th e  
m echan ism  of th e  reac tio n s.

(a) Reaction with ethyl cyanoacetate

T he reac tio n  o f  ben zo y lp h en y lace ty len e  (la) w ith  e th y l cy an o ace ta te  
has been  re p o rte d  [2] to  give th e  tr im o lecu la r a d d u c t (II). H ow ever, w hen 
th e  sam e reac tio n  w as re p e a te d , it  gave th e  know n [5] 3 -cyano-4 ,6-d iphenyl- 
-2 i/-p y ran -2 -o n e  (Ilia). Sim ilar t re a tm e n t o f lb an d  Ic gave th e  h ith e r to  u n 
know n  3 -cyano-4 -p h en y l-6 -a ry l-2 i/-p y ran -2 -o n es, Illb a n d  IIIc, respective ly .

T he s tru c tu re s  o f  th e  cy an opyran -2 -one  d e riv a tiv e s  w ere confirm ed  by  
an a ly tic a l d a ta , in fra red  spec tro scopy  (cf. T ab le  I) an d  1H -N M R  spectroscopy  
(see E x p erim en ta l).

C6H5—C=CHCOCeH5 

C(CX)C0 2C2H5 

СбН5—C=CHCOCoH5 

II
T he reac tio n  seem s to  proceed accord ing  to  Schem e 1.
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H6Ce
"OR \

C6H 5— C = C — CÓAr +  N C — CH2- C 0 2E t ----------- * -  ^ = 0 1 1
н с , coA r

I  / \
NC C 02E t

a Ar =  CeETg 

Ъ Аг =  С6Н 4ОСН3-7) 

c Ar =  CoHiCl-y

a Ar =  Cells 

Ъ Аг =  С6Н 4ОСН3-р 

с Ar =  CGH 4Cl-?)
Scheme 1 

Table I

3-Cyano-4,6-diaryl-2H-pyran-2-ones ( I l la —с)

Compound M.p., Yield, Formula

Analysis: Calcd.
Found IR spectral data

°C %
C H N 0̂ = 0 

(cm-1) (cm-1)

I lia * 275 + 75 79.10
78.80

4.03
4.06

5.12
4.91

1724,
1720

2220

m b 230+ 80 c 19h 13n o 3 75.24
74.86

4.29
4.52

4.62
4.49

1724,
1720

2220

U Ic 240 + 82 c 18h 10c in o 2 70.24
70.12

3.25
2.89

4.50
4.07

1724,
1720

2220

+ From  ethanol 
* Cf. Ref. [5]

(b ) Reaction with ethyl acetoacetate

T h e  reac tio n  o f  e th y l a c e to a c e ta te  w ith  l a  gave th e  kn o w n  [1] 4,6- 
-(1 ip lie n у 1 -2 i / -p у ran -2 -оne IY a, p re p a re d  b y  a d iffe ren t ro u te  [1]. Sim ilar 
t r e a tm e n t  of lb  and  Ic  w ith  e th y l  a c e to a ce ta te  y ie lded  th e  h ith e r to  u nknow n  
4 -p h en y l-6 -a ry l-2 Jf-p y ran -2 -o n es , IYh an d  IVc, re sp ec tiv e ly .

T h e  s tru c tu res  o f th e  p y ran -2 -o n es  (IVa—c) w ere co n firm ed  b y  a n a ly ti
ca l d a ta ,  in fra red  sp ec tro sco p y  (cf. T ab le  II) an d  1H -N M R  sp ec tro sco p y  (see 
E x p e r im e n ta l) .
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Tabic II

4,6-D iaryl-2II-pyran-2-ones (IV a-c)

Compound
M.p., Yield,

% Formula

Analysis: Calcd.
Found IR  spectral da ta

*43-0
(cm-1)C H Cl

IVa* 1 4 3 - 4  + 65 c „h , A 82.25
81.95

4.80
4.80

1720, 1700

IVb 1 3 0 - 1  + + 60 ^18^14^3 77.70
77.52

5.00
5.38

1720 ,1700

IVc 180 + 70 C„HUC102 72.21
72.42

3.89
4.04

12.56
12.75

1720, 1700

+ From methanol
+ + From benzene-light petroleum (b.p. 6 0 —80 °C) 

* L it. [1] m.p. 142 °C

C6H 5— C ^ C — COAr +  CH3€0C H 2C02Et
OR

Щ С.

C = C H —COAr
/

HC'

n c d ó

"OR

H 5C0,Ч’=ен—coAr 
l

*CH—COzEt

"O— c — OR

CH3

C = C H —COAr
/

H2Ĉ  +  CHsCOzR
C 02E t

A

-H

a Аг =  C0H5 

b Ar =  CoHiOCHz-p 

c Ar =  C0H4CI-P

Scheme 2
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Formation of the 6-aryl-4-phenyl-2fl-pyran-2-ones (IVa—c) by the 
reaction of ethyl acetoacetate with la —c in the presence of sodium ethoxide 
seems to proceed by Michael addition of the ethyl acetoacetate anion to the 
acetylenic ketones followed by ketonic cleavage, favoured by the long time 
of the reaction (cf. Experimental), to give A  which undergoes cyclization. 
The reaction may be represented as in Scheme 2.

(c) Reaction with malononitrile and acetylaeetone

The reaction of malononitrile with la and lb gave the hitherto unknown 
l-aryl-4,4-dicyano-3-phenylbut-2-en-l-ones, Ya and Vb, respectively, whose 
structures were confirmed by analytical data and infrared spectroscopy (cf. 
Table III). The low value in the IR spectrum of the vc=Q band of the products 
excludes the tautomeric structure B .

Similarly, the reaction of acetylaeetone with la  —c gave the hitherto 
unknown l-aryl-4,4-diacetyl-3-phenylbut-2-en-l-ones Y c—e, recpectively, as

Table III

1-Aryl-4,4-dicyano-3-phenylbut-2-en-l-ones (IV and b) 
and l-Aryl~4,4-diacetyl-3-phenylbut-2-en-l-ones (Vc — e)

Compound M.p., Yield Formula

Analysis: Calcd.
F ound

IR spectral data

°c %
C H N *'C = 0 

(cm-1)
^C=N
(cm -1)

Va 210 + 85 ^18^12^2^ 79.40
79.80

4.40
4.70

10.30
10.90

1650 2215

Vb 255 + 80 c 19h un a 75.49
75.85

4.63
5.02

9.27
9.68

1645 2215

Vc 121 + 65 C 2 0 1̂18^3 78.40
77.96

5.90
6.30

1640

Vd 116 + 60 C21H20O4 75.00
75.10

5.95
6.32

1645

Ve + + 107 + 75 C20l l 17ClO3 70.48
70.21

4.99
4.85

1650

+ From  ethanol 
+ + Cl Calcd. 10.42 

Found 10.36

analytically pure substances whose infrared spectra (cf. Table III) further 
support the structure assigned to them.

The reactions are represented in Scheme 3.
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С«Нб—C = C —  COAr +  B — CH2- R

1 R  =  C N or

a Ar =  CJT5 COG'Hj

b Ar =  CeHiOCHj-p

c  Ar =  СбНлС1-р

C0H 5—C— CHaCOAr 

NC— C— CN

Ti

С0Н б -С = С Н -С О А г

НС— К
I

в

V

а Ar =  С0Н5; R =  CN 

Ъ А г =  СеЩОСНз-р; R  =  CN  

с A r =  СоН5; В  =  СОСНз 

d А г =  С6Н 4ОСН3-р; В  =  СОСНз 

е A r =  CeHiCl-p; В  =  СОСНз

Scheme 3

Experimental

All ra.p.’s are uncorrected. Infrared spectra (K B r discs) were obtained on a Unicam  
S P  200 spectrophotom eter. 1H -NM R spectra in  CDC13, unless otherwise stated , w ere recorded 
on a Varian XL-100-V FT system  using TMS as internal reference.

Preparation of 3-cyano-4 ,6-d iaryl-2 /f-pyran-2-ones (I lia — c)

E th y l cyanoacetate (0.005 m ole) and the aroylphenylacetylene (I) (0 .005 m ole) were 
added successively to sodium ethoxide (0.005 m ole) in  absolute ethanol (50 m L). T he reaction  
m ixture, which gradually acquired a red colour, was kept at room temperature u n til crystalli
zation  occurred (this usually took 2 — 3 days). The product w as then filtered o ff  and recrystal
lized from  an appropriate so lvent to give the title  com pounds as pale yellow to ye llo w  crystals. 
E vaporation  of the m other liquor followed by pouring into  w ater and ex traction  w ith  ether 
gave an additional am ount of the product. The results are shown in Table I.

The 1H -NM R spectrum  of I lia  shows signals a t <5 8.0 — 6.9 for the arom atic and olefinic  
protons and the 4I-N M R  spectrum  (in DMSO) o f IH b has signals at Л8.05 —6.5 (m , 10 H, 
arom atic and olefinic) and at ö 3.9 (s, 3 H, m ethyl protons).

Reaction of ethyl acetoaeetate w ith the aroydpheiiylacetylenes la — c.
Isolation of 4,6-d iaryl-2H -pyran-2-ones (IVa—c)

E thy l acetoaeetate (0.005 mole) was added to a solution  of sodium ethoxide (0 .005 mole) 
in absolute ethanol (25 mL), followed by a so lu tion  o f the aroylphenylacetylene (I) (0.005 
m ole) in  absolute ethanol (20 mL). The reaction m ixture, which gradually acquired a deep 
orange colour, was kept at room tem perature for ca. 7 days, with occasional shaking" The 
precipitated solid was then filtered off and recrystallized  from a suitable so lv en t to give the 
4,6-diaryl-2H -pyran-2-ones (IVa—c). An additional am ount of the product w as obtained  
by concentration of the m other liquor. The result are given in Table II.

The 1H -NM R spectrum  of 4,6-diphenyl-2H -pyran-2-one (IVa) shows signals a t ő 7.9 — 
—7.2 (m , 10 H, arom atic protons), <5 6.92 and 6.91 (d , 1 II, olefinic) and <5 6.45 and  6.43 (d , 1 H, 
olefinic) and th a t o f 6-(p-chlorophenyl)-4-phenyl-2H -pyran-2-one (IVb) has signals a t <5 7.9 — 
—7.1 (m , 9 H, arom atic protons), <5 6.92 and 6.91 (d , 1 H , olefinic) and <5 6.46 and 6.42 (d , 1 H, 
o lefin ic  proton).
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Preparation of aryl-4 ,4 -d icyan o-3-ph en ylb ut-2-en -l-on es (Va and Vb)

M alononitrile (0.005 m ole) w as added to sodium  eth o x id e  (0.005 mole) in ab so lu te  
ethanol (25 m L), followed b y  th e  aroylphenylacetylene ( la  or lb ) (0.005 mole). The reaction  
m ixture gradually acquired a deep red colour and after stan d in g  at room tem perature for ca. 
2 days i t  deposited  colourless crysta ls in  the case o f la ,  and lig h t yellow  crystals in  th e  case  
of lb . T he solid product w as th en  filtered off and recrysta llized  from a suitable so lv en t to  
g ive  th e  t it le  com pounds (Va and Vb). Additional am ounts o f  th e  products were obtained  b y  
pouring th e  m other liquor in to  w ater. The results are g iven  in  Table III.

Preparation of l-ary l-4 ,4 -d iacety l-3-ph en ylbut-2-en -l-ones (Vc— e)

A cety laceton e (0.005 m ole) and the aroylphenylacetylene (Ia-c) (0.005 m ole) w ere  
added su ccessively  to sodium  ethoxide (0.005 m ole) in  abso lu te  ethanol (50 m L) and the  
reaction  m ixture which acquired a deep yellow colour, w as k ep t at room tem perature u n til 
crysta llization  occurred (th is u sually  took 2 — 3 days). T he precip itated  solid was then  filtered  
off. T he m other liquor w as evaporated , poured into w ater an d  the precipitate filtered o ff  to  
give an additional am ount o f the product. R ecrystallization  o f the product from a su itab le  
so lv en t ga v e  the title  com pounds (Vc—e) as yellow crystals. T he results are given in  T able II I .

T he authors w ish to than k  Dr. L. R adios, h ead  of N M R  departm ent, Central R esearch  
In stitu te  for Chemistry o f th e  H ungarian Academ y o f Sciences, Budapest, H ungary, for  
running th e  NM R  spectra.

R E FE R E N C E S

[1] K o h l e r , E. P.: J .  Am . Chem. Soc., 44, 379 (1922)
[2] K o h l e r , E. P ., B a r r e t t , G. R .: J . Am. Chem. Soc., 46 , 747 (1924)
[3] B a r d h a n , J. C.: J. Chem. Soc., 1929, 2223
[4] A n k e r , R . M., Cook , A. H .: J .  Chem. Soc., 1945, 311
[5] S h a r a n in , Y u . A ., L o pa t in s k a y a , K. Y a .: T ezisy  D o k i. Nauchn. Sess. K him . T eknol.

Org. Soedin. Sery S ern istykh  N eftei, 13 th , 157 (1974); Chem. Abstr., 85, 192484  
(1976)

F o u l i  A. F ouli  I Chemistry Department, Faculty of  Science,
Mo h a m e d  N. B a s y o u n i  J Ain Shams University, Abbassia, Cairo, Egypt

Acta Chim. Acad. Sei. Hung. 106, 1981



Acta Chimica Academiae Scientiarum Hungaricae, Tomus 106 (4), pp. 303—308 (1981)
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A new  m ultistep  synthesis o f (^ -m e c a m b r id in e  (9) has been ach ieved  starting  
from 2-benzoyl-l-cyano-l,2-d ihydro-8-m ethoxy-6 ,7-m ethylened ioxyisoquinoline (1) 
(R eissert com pound) and 3-benzyloxy-4-m ethoxyb en zyl chloride (2). T he la st two 
steps o f this synthesis are the sam e as described in the literature. 11-O -D em ethyl- 
m ecam bridine (8) has also been converted  in to  (rh)-orientalidm e (10) usin g  th e  known  
procedure.

Mecambridine (9) was isolated from M eco n o p sis  cam brica  by S l a v ík  [1] 
then from P a p a v e r  oreoph ilum  by P f e i f e r  [2]. Its correct structure was 
elucidated by S a n t a v y  et al. [3 —5]. Total synthesis of ( i)-m ecam bridine 
was published by K am e t a n i  et al. [6] in 1974.

In the present paper a new synthesis of ( +  )-mecambridine, starting 
from a Reissert compound, will be reported.

The unknown Reissert compound (1) of 8-methoxy-6,7-methylenedioxy- 
isoquinoline was synthesized as follows:

Oxidation of natural ( —)-a-narcotine yielded cotarnine, which gave 
cotarnone on Hofmann degradation. 8-Methoxy-6,7-methylenedioxyisoqui- 
noline was obtained by the ring closure of the cotarnone semicarbazone [7]. 
The isoquinoline obtained in this way was converted into 2-benzoyl-l-cyano- 
-l,2-dihydro-8-methoxy-6,7-methylenedioxyisoquinoline (1) (Reissert com
pound) with potassium cyanide and benzoyl chloride in a mixture of dichloro- 
methane and water [8]. 3-Benzyloxy-4-methoxybenzyl chloride (2), the other 
starting material, was prepared from isovanillin according to the known 
procedure [9].

The anion of the Reissert compound, formed on treatment with Nall 
in DMF at —20 °C, was allowed to react with 3-benzyloxy-4-methoxybenzyl 
chloride. The resulting Reissert compound substituted at C-l (3) was hydrolyzed 
to l-(3-benzyloxy-4-methoxybenzyl)-8-methoxy-6,7-methylenedioxyisoquino- 
line (4) without previous purification and identification. This compound

* P a r t  III: P . K e r e k e s , Gy. Ga á e , R . B o g n á r , T. T örő and  B. Co s t is e l l a : A cta  
Chim. Acad. Sei. H ung., 105, 283 (1980)
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HCHO
NaOH

8

a ffo rd e d l- (3 -h y d ro  xy -4 -m eth o x y b en zy l)-8 -m eth o x y -6 ,7 -m eth y len ed io x y iso q u i- 
n o lin e  (5) on d eb en zy la tio n  w ith  a m ix tu re  o f  e th a n o l, c o n cen tra ted  h y d ro 
ch lo ric  a c id  an d  a sm all a m o u n t o f zinc d u s t .  C om pound  5 gave th e  c o rre 
sp o n d in g  te tra h y d ro iso q u in o lin e  d eriv a tiv e  (6) on  red u c tio n  w ith  P t 0 2 c a ta ly s t  
a t  5 • 10s P a  in itia l p ressu re . T he M annich re a c tio n  o f 6 was effected in  n e u tr a l  
m e d iu m  [10] to  o b ta in  th e  1 0 ,1 1 -d isu b stitu ted  b e rb in e  derivative . T h is  w as , 
h o w e v e r , accom pan ied  b y  a b o u t  10%  of th e  9 ,1 0 -d isu b s titu te d  berb ine  (7b) fo rm 
ed  a lo n g  w ith  th e  e x p e c te d  l l-h y d ro x y - l,1 0 -d im e th o x y -2 ,3 -m e th y le n e d io x y -
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berb ine  (7a). T h e  tw o  isom ers w ere se p a ra te d  b y  c ry sta lliza tio n  a n d  id en tified  
b y  m eans o f  th e ir  ^ - N M R  sp ec tra . T he C - l l  a n d  C-12 p ro to n s o f  com pound  
7b d isp layed  a ch a ra c te ris tic  A B  q u a r te t  a t  <5 6.28 ppm .

T he la s t  tw o  steps o f th e  syn th esis  w ere  ach ieved  as described  in  th e  
l ite ra tu re  [6]. C om pound 7a w as allow ed to  re a c t w ith  37%  fo rm ald eh y d e  
so lu tion  a n d  1M  m ethano lic  sod ium  h y d ro x id e  a t  room  te m p e ra tu re  to  o b ta in  
11-hydroxy- 12-hydroxy  m eth y l-l,1 0 -d im e th o x y -2 ,3 -m e th y len ed io x y b e rb in e  
(11 -0 -d em eth y lin ecam b rid in e) (8) as a c ry s ta llin e  p ro d u c t. C om pound 8 y ie lded
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( + ) - m e c a m b rid in e  (9) on  m e th y la tio n  w ith  d iazo m e th an e . T he IR  an d  1H -N M R  
s p e c tra  o f  th e  p roduc t w ere fa ir ly  id en tica l w ith  th o se  o f th e  com pound  s y n th e 
sized  b y  K am etani* an d  w ith  th o se  o f  n a tu ra l  m ecam brid ine .

1 1 -0 -D em e th y lm ecam b rid in e  (8) has also  been  co n v erted  in to  ( +  )" 
-o r ie n ta lid in e  (10) by  using  th e  p ro ced u re  described  b y  K ametani et al. [11]. 
T h e  p h y s ic a l constan ts  an d  sp e c tra l d a ta  o f  o u r su b stan ce  w ere id e n tic a l in  
e v e ry  re s p e c t w ith  th e  p u b lish ed  ones.

E xp erim en tal

M. p .’s are uncorrected.
IR  spectra were recorded w ith  a UNICAM  SP 200 G instrum ent in KBr pellets; ^ - N M R  

spectra  w ere obtained w ith a JE O L  M inimar 100 M Hz instrum ent in deuterochloroform  solu
tion . Chem ical shifts values, referred to TMS internal standard, are given in ppm  (<5) un its.

2-B enzoyl-l-cyano-l,2-d ihydro-8-m etlioxy-6 ,7-m ethylenedioxyisoquinoline  
(R eissert com pound) (1 )

B en zoy l chloride (17 m L) in  CH2C12 (30 m L) w as added to a vigorously stirred m ixture  
o f 8 -m ethoxy-6 ,7-m ethylened ioxyisoquinoline (10 g; 50 m m oles) [7] in CH2C12 (100 m L) and  
K C N  (16 .25  g) in water (40 mL). A fter the end of the addition, the m ixture was stirred for 1 h 
at room  tem perature. The two phases were separated and the CH2C12 solution w as w ashed w ith  
w ater, 10%  hydrochloric acid, 5%  sodium  hydroxide and fina lly  again w ith water, then dried  
over M g S 0 4 and the solvent evaporated . The residue was suspended in m ethanol (15 m L) 
and filtered  off to obtain 13.5 g (81% ) of solid m aterial, m .p. 144 — 146 °C, which gave 10.15 g 
(61% ) o f crystalline product on crystallization  from ethanol (300 mL), m .p. 146 — 148 °C.

B ecau se of the decom position of the product, the y ield  was considerably decreased on 
cry sta lliza tio n  from ethanol and no Reissert com pound could be recovered from the m other  
liquor. (The same behaviour w as observed w ith the R eissert com pound prepared from  6,7- 
-d im ethoxyisoqu inoline [12]). The purity  o f the crude product was satisfactory for the further 
reaction s.

C19II14N20 4 (334.32). Calcd. C 68.25; H 4.22; N  8.38. Found C 68.06; II 4.22; N  8.48% .
IR : 2230 cm -1 (very  weak).

l-(3-B enzyloxy-4-m ethoxybenzyl)-8-m ethoxy-6,7-m cthylenedioxyisoquiiioline (4 )

A  solution of the R eissert com pound (1) (3.34 g; 10 m m oles) in dry DM F (15 m L ) was 
add ed  to  a stirred suspension o f sodium  hydride (0.3 g) in dry DM F (20 mL) under nitrogen  
atm osp here at —20 °C. Stirring w as continued for 5 m in, then 3-benzyloxy-4-m ethoxybenzyl 
ch loride (2.7 g; 11 mmoles) (2) [9] dissolved in  dry DM F (10 m L) was added dropwise. The 
rea ctio n  m ixture was stirred for 2 h at —20 °C, then for 3 h at room temperature. The excess  
o f sod iu m  hydride was decom posed w ith  ethanol and the so lvent evaporated under reduced  
pressure. T he residue was d issolved in  benzene (100 m L) washed tw ice w ith water (50 m L  
each) and the aqueous phase was extracted  w ith benzene (50 mL). The com bined benzene solu
tion  w as washed with two 50-m L portions of water, dried over N a2S 0 4, then the so lv en t was 
evap o ra ted  to obtain a yellow  oil (5.25 g) which was subjected to hydrolysis w ithou t purifi
ca tion .

Sod ium  hydroxide (50 g) in  water (50 m L) was added to the ethanolic solution (100 m L) 
o f  th e  oil, and the reaction m ixture was refluxed for 2.5 h on a steam  bath; the ethanol was

Л
* W e are indebted to Professor K a m e t a n i  (Sendai Japan) for the com parison o f th e  

IR  and  1H -NM R spectra of our substance w ith  those of the com pound synthesized b y  them  
and w ith  those of natural m ecam bridine.
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then rem oved in vacuum . The residue was triturated w ith  water (50 m L) and extracted w ith  
benzene ( 3 x 5 0  mL), then washed w ith  water ( 4 x 5 0  mL). 10% hydrochloric acid (50 mL) 
was added to the benzene solution  and the insoluble hydrochloride filtered  off. The benzene 
solution w as extracted w ith  5% hydrochloric acid (2 X 25 mL). The hydrochloride was combined  
w ith the acidic extract, m ade alkaline w ith  N H 4OH and the base was extracted  w ith  CHC13 
( 3 x 5 0  mL). The CHC13 solution  w as washed w ith  water ( 3 x 5 0  m L ), dried over N a2S 0 4 and 
the so lvent removed. The residue was converted into the hydrochloride (3 g), m .p. 190 — 192 °C, 
w ith  abs. ethanolic hydrochloric acid. The salt w as then transform ed back to the base to yield
2.5 g (58%) of the product, m .p. 128 — 130 °C, on crystallization from  ethanol (26 mL).

C26H 23N 0 5 (429.45). Calcd. C 72.71; H 5.40; N  3.26. Found C 73.08; H 5.33; N  3 .16% .

l-(3-H yilroxy-4-m ethoxybenzyl)-8-m ethoxy-6,7-inethylenedioxyisoquiiioline (5 )

A m ixture of com pound 4 (2.6 g; 6 m m oles), zinc dust (0.3 g), ethanol (300 m L) and 
cone, hydrochloric acid (300 mL) was refluxed for 3 h. The solvent was evaporated, the residue 
diluted w ith  water (10 m L) and m ade alkaline w ith cone. N H 4OH. The reaction  product was 
extracted  w ith  CHC13 ( 3 x 7 5  m L), washed w ith water ( 4 x 5 0  m L), dried over Na2S 0 4 and 
the so lvent evaporated. T he residue was crystallized from ethanol (24 m L) to afford 1.6 g 
(79% ) of the product, m .p. 163 — 165 °C.

CjaH^NOj (339.34). Calcd. C 67.25; H  5.05; N  4.13. Found C 67.24; H  4.98; N  4.13% .
•H-NM R: 3.72 (3H , s, OCH3), 3.84 (3H , s, OCH3), 4.58 (2H , s, ArCH2), 6.06 (2H , s, 

OCH2OX 6.4 —6.9 (4H , m, A r i l ’s), 7.39 and 8.20 (2H , 2d, J  =  6 H z, C-3 and C-4 H ’s).

l-(3-IIydroxy-4-m ethoxybenzyl)-8-m ethoxy-6,7-m ethyleneilioxy-l,2 ,3 ,4-tetrahy<lroiso-
quinoline (6 )

Compound 5 (1.36 g; 4 m m oles) dissolved in ethanol (250 m L) was hydrogenated in 
the presence of P t0 2 (0.2 g) under 5 • 105 Pa initial pressure for 24 h at room  temperature. 
The ca ta lyst was filtered off, the so lvent evaporated and the residue crystallized from ethanol 
(10 m L) to  obtain 1.02 g (74% ) o f crystalline m aterial, m .p. 144 — 146 °C.

C19H 21N 0 6 (343.37). Calcd. C 66.46; H 6.17; N 4.08. Found C 65.70; II 5.88; N  4.08% . 
•H-NM R: 3.77 (3H , s, OCH3), 4.04 (3H , s, OCH3), 5.84 (2H , s, OCH20 ) ,  6.30 (1H , s, 

C-5 H ), 6.6 —6.8 (311, m , A rH ’s).

M annich reaction of 6

A m ixture of tetrahydroisoquinoline (6) (1 g; 3 m m oles), ethanol (30 mL) and 37%  
formalin (5 m L) was refluxed for 1 h under nitrogen atm osphere, then the so lvent was evaporat
ed in vacuum . The residue was crystallized from ethanol (23 m L) to afford 0.6 g (56% ) of 
1 l-hydroxy-l,10-d im ethoxy-2 ,3-m ethylenedioxyberb ine (7a) as needles, m .p. 186 -188  °C (lit. 
[6] m.p. 1 9 2 - 1 9 4  °C and 204 —206 °C, respectively).

C20H 21NO6 (355.38). Calcd. C 67.59; H 5.96; N 3.94. Found C 67.91; H  5.95; N  4.14% .
IR : Гон 3460 cm -1 .
•H-NM R: 3.82 (3H  s, OCII3), 3.97 (311, s, 0CI13), 5.86 (2H , s, 0 C H 20 ) ,  6.32 (H I, s, 

C-4 H), 6.56 (2H , broad s, C-9 and C-12 H ’s).
On standing, 0.19 g o f  prism atic crystals, m.p. 196 — 200 °C, separated from  the mother 

liquor, which on crystallization from ethanol (22 mL) gave 0.12 g (11% ) o f 9-hyd roxy-l,10-  
-d im ethoxy-2,3-m ethylenedioxyberbine (7b), m.p. 198 — 200 °C.

C20H 21NOj (355.38). Calcd. C 67.59; H 5.96; N 3.94. Found C 67.01; H  5.93; N .3.88% .
IR : i>oh 3460 cm - '.
•H-NM R: 3.68 (3H , s, OCH3), 3.84 (311, s, OCH3), 5.6 (2H , s, 0 C H 20 ) ,  6.0 (1H , s, C-4 

II), 6.28 (211, ABq, J  =  8 H z, C - l l  and C-12 H’s).

ll-H ydroxy-12-hydroxym ethyl-l,10-dim ethoxy-2,3-m cthylenedioxyberbine (8 )

The berbine derivative (7a) (0.35 g; 1 m m ole) was allowed to react w ith  37%  formalin 
as described in  the literature [6], and the reaction product was purified by m eans of preparative  
layer chrom atography (develop ing m ixture: chloroform: m ethanol 9 : 1 )  to yield a yellow
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gum  (0 .3 8  g) w hich was crystallized from  a m ixture of m ethanol and ether to  give 0.24 g (63%^ 
o f y e llo w  need les, m .p. 131 — 132 °C.

C2,H 23N 0 6 (385.40). Calcd. C 65.44; H  6.01; N  3.64. Found C 65.39; H  6.29; N  3.40% . 
IR : vqh 2300 — 3500 cm -1  (associated ).
4T -N M R : 3.76 (3H , s, O C H 3), 3.94 (3H , s, OCH3), 4.61 (2H , s, СЯ..ОН), 5.82 (2H , s, 

0 C H 20 ) ,  6 .29 (1H , s, C-4 H ), 6.4 2 (1 H , s, C-9 H).

( i)" M eca m b rid in e  (9 )

Com pound 8 (0.47 g; 1.2 m m ole) w as m ethylated w ith  diazom ethane dissolved in  ether  
to  afford 0.369 g of a substance; after purification by m eans of preparative layer chrom atog
ra p h y  (develop ing m ixture: chloroform  : m ethanol, 9 : 1), this was crystallized  from  a m ixture  
of m eth a n o l and ether, then from e th y l acetate to obtain 0.129 g of 9, m .p. 148 — 150 °C (lit. 
[6] m .p . 158 — 160 CC).

C22H 2sN 0 6 (399.43). Calcd. C 66.15; H  6.31; N  3.51. Found C 66.39; H 6.47; N  3.13% .
’H-1NMR: 3.84 (6H , s, 2 0 C H 3), 3.98 (3H , s, OCH3), 4.66 (2H , s, СЯ2ОН), 5.87 (2H , s, 

0 C H 20 ) ,  6.33 (1H , s, C-4 H ), 6.59 (1 H , s, C-9 H).
M S: m/e 399 (M +), 206. 204. 194, 179.

( -4-)-Orientalidine (10)

Com pound 8 (0.19 g; 0.5 m m ole) w as converted into  orientalidine as described in  the 
litera tu re  [11]. The crude product w as crystallized from ethyl acetate to afford 0.075 g of 
cry sta llin e  substance, m .p. 190 — 192 °C (lit. [11] m .p. 190 — 192 °C).

C22H 23N 0 6 (397.41). Calcd. 66 .48; H 5.83; N  3.52, Found C 66.67; II 5.88; N  3.46% .
l H -N M R : 3.84 (3H , s, OCH3), 3.94 (3H , s, 0 C H 3), 4.60 and 4.84 (2H , 2d, J  =  16 H z, 

A rC H 20 ) ,  5.21 (2H , s, АгОСЯ2ОСН2), 5.87 (2H , s, 0C H 20 ) ,  6.34 (1H , s, C-4 H ), 6.51 (Ш ,  
s, C-9 FI).

M S: m/e 397 (M +), 204, 192, 162.

T he author’s thanks are due to  the Hungarian A cadem y of Sciences and to the Alkaloid  
C hem ical W orks (Tiszavasvári, H un gary) for the financial support o f th is work; to Miss E. 
J e s z e n s z k i  for the technical assistance.
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The cata lytic  action of zinc iodide in  reactions of phenyldiazom ethane w ith  
arom atic aldehydes is described. I t  w as found th a t the formation of desoxybenzoins  
3 occurs w ithout participation of a carbenoid interm ediate PhCH IZnI (4). t, Ц jj1» Ц

T h e  reac tio n s betw een  olefins a n d  ca rb en es g enera ted  fro m  d iazo a lk an es 
h av e  b een  in ten s iv e ly  s tu d ied . I t  is k n o w n  t h a t  in  th e  reactions c a ta ly z e d  b y  
m e ta l sa lts  (reactions of th e  S im m o n s—S m ith  ty p e ) carbeno ids o f  organo- 
m e ta llic  c h a ra c te r  a re  invo lved  as in te rm e d ia te s . T hus, th e  decom p o sitio n  of 
p h e n y ld ia z o m e th a n e  in  th e  presence o f  Z n X 2 (X  =  halogen) leads to  th e  fo r
m a tio n  o f  a -h a lo b en zy l zinc h alide  CeH 5C H X Z n X  [1], w hich th e n  re a c ts  w ith  
th e  o lefin  giv ing a cyclopropane d e r iv a tiv e  [2]. H ow ever, th e  reac tio n s  of 
p h e n y lin e th y le n e  w ith  a C = Y  double  b o n d  (Y =  he te ro a to m ) h a v e  n o t been 
s tu d ie s  as y e t.

W e h av e  fo u n d  recen tly  th a t  in  th e  cou rse  o f  th e  decom position  o f  p h e n y l
d ia z o m e th a n e  b y  zinc iodide in  th e  p resen ce  o f  som e iV -su b stitu ted  b enza l- 
d im ines, te r t ia ry  az irid ines w ere fo rm ed  [3] as well as desoxybenzo in , w hich  
h a v e  b een  iso la ted  as side-p roducts. In  o u r op in io n , desoxybenzoin  fo rm a tio n  
is due  to  th e  b en za ld eh y d e  p re sen t as a n  a d m ix tu re  in easily  h y d ro ly z a b le  
a ld im ines. In  o rd e r to  v erify  th is  h y p o th e s is , we h av e  s tu d ied  th e  re a c tio n  
o f  a ro m a tic  a ldehydes w ith  p h en y ld iazo m e th an e  in  detail.

I n  th e  l i te ra tu re , th e  reac tio n s o f  som e a lip h a tic  d iazocom pounds o f th e  
R C H N 2 ty p e  w ith  a ldehydes in  th e  p resen ce  o f  a lum in ium  ch lo rid e  o r b o ro n  
tr if lu o r id e  w ere described . D epend ing  on  th e  reac tio n  conditions a n d  th e  ty p e  
o f  c a ta ly tic  a g en t, th e  p ro d u c t w as a k e to n e , or ox irane d e riv a tiv e , or b o th  
[ 4 —6]. Z inc halides w ere n o t used  in  th is  ty p e  o f reactions.

U pon  a d d itio n  o f  p h en y ld iazo m e th an e  (1) to  a so lu tion  o f  a n  a ro m a tic  
a ld eh y d e  2 a —d a n d  Z n l2 in  e th e r, we o b se rv ed  th e  evo lu tion  o f  n itro g e n  a n d  
im m e d ia te  d isap p earan ce  o f th e  red  co lo u r o f d iazocom pound . XH -N M R  
sp ec tra  o f  th e  re a c tio n  m ix tu res  show ed th e  presence  of desoxybenzo in  d e riv 
a tiv e s  3a —d besides th e  usual p ro d u c ts  o f  th e  decom position  o f  p h en y l-
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d ia z o m e th a n e  (benzalazine  a n d  tran s-s tilb en e ). T h e  y ields o f desoxybenzo ins 
h a v e  b e e n  d e te rm in ed  fro m  1H -N M R  sp ec tra  b y  co m p arin g  th e  signal in te n 
sitie s  o f  desoxybenzo in  a n d  th e  s ta r tin g  a ld eh y d e . T h e  resu lts  are  p re se n te d  
in  T a b le  I.

С0Н 5С Ш 2 +  Á r— CHO , ^  A r— CO—CH s-CoH« + :  N 2-
ethcr, 20 °C

(1) ( 2 a — d)  ( 3 a — d)
Scheme 1

Table I

Desoxybenzoin derivatives 3 a —d

3 A t
Y ie ld ,
(%>

M .p .,
(°C)

1H -N M R
Ö p p m  (CDC1S, TM S =  0)

a c6h 5 40 5 6 - 5 7  
( 5 8 - 5 9  [8]) 4.15 (2H , CH2, s); 7 .0 -8 .0  (10H, Ar, m)

b 4-CH3C6H4 38 1 0 8 -1 1 0  
(1 1 0 -1 1 0 .5  [9])

2.30 (3H , CH3, s); 4.20 (2H, CH2, s); 
7 .0—8.0 (9H , Ar, m)

C 4-CII3OC6H4 41 73—75 
(77 [10])

3.65 (3H , OCH3, s); 4.10 (2H, CH2, s); 
6 .7 0 -8 .0 0  (9H , Ar, m)

d 4 -0 2NCcH4 70 1 5 6 -1 5 8  
(1 5 6 -1 5 7 .5  [11])

4.30 (2H , CH2, s); 7 .0 0 -8 .5 0  (9H , Ar, m)

I t  is assum ed  in  th e  l i te ra tu re  th a t  th e  m ech an ism  of th e  re a c tio n  o f  
d iazocom pounds w ith  a ld eh y d es  in  th e  p resence  o f  Lew is acids involves n u c leo 
p h ilic  a t ta c k  o f th e  d iazocom pound  on th e  c a rb o n y l group an d  su b se q u e n t 
e lim in a tio n  o f n itro g en .

N e ith e r a lu m in iu m  ch lo ride  nor b o ro n  tr if lu o r id e , used as c a ta ly s ts  in  
th e  ab o v e  reac tio n s o f  d iazocom pounds w ith  a ld eh y d es  [4 —6], y ields carb en o id s  
[7], hence  such  a m ech an ism  can n o t be d o u b te d . O ur stud ies a im ed  a t  e s ta b 
lish in g  w het he I- zinc io d ide  reac ts  sim ila rly  to  o th e r  Lewis acids or i f  th e  
re a c tio n  runs w ith  th e  p a r tic ip a tio n  of th e  ca rb e n o id  C0H 5C H IZ nI (4). In  o rd e r 
to  f in d  an  answ er to  th is  p rob lem , we p re p a re d  a  so lu tion  of o rg an o m eta llic  
c o m p o u n d  4 b y  decom posing  1 w ith  Z n l2 a t  a  low  te m p e ra tu re , to  w h ich  
b e n z a ld eh y d e  (2a) o r an  o lefine 5 was ad d ed . S u ch  a procedure  w ith  th e  u se  
o f 5 affo rds cy c lo p ro p an e  d e riv a tiv e  6, w h ich  in d ic a te s  a carbenoid  c h a ra c te r  
o f  th e  reac tio n . D u rin g  th e  ex p erim en t w ith  b e n za ld eh y d e  we did n o t ob serv e  
th e  fo rm a tio n  o f  deso x y b en zo in  (3a).

T h e  above  ev idence  in d ica tes  th a t  th e  c a ta ly t ic  action  o f  Z n l2 is n o t  
b a se d  on th e  fo rm a tio n  o f  carbeno id  4 b u t ,  lik e  o th e r  Lewis acids, i t  p o la rizes
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th e  ca rb o n y l group a n d  th is  com plex  reac ts  n e x t w ith  p h en y ld iazo m e th an e . 
S u b seq u en t e lim in a tio n  o f  n itro g e n  an d  th e  m ig ra tio n  o f  a p ro to n  gives p ro 
d u c t 3. This su p p o rts  th e  re su lts  p u b lish ed  b y  Sey fer t  [12], w ho fo u n d  th a t  
carbeno ids do n o t re a c t w ith  th e  ca rb o n y l g roup  o f  com m on oxo-com pounds 
(ex cep t C13C —CH O , F 3CCOCF3, etc.).

E xp erim en ta l

M elting points were determ ined in  a capillary using a Dr. T ottoli apparatus, and are 
uncorrected. HI-NM R spectra were recorded on a Tesla BS 487 (80  M Hz) spectrom eter, using  
TMS as an internal standard. Mass spectra were obtained on a L K B  GCMS 2091 spectrom eter  
w ith  70 eV ionization p oten tia l. IB  spectra were m easured on a Perkin-Elm er 325  spectro
photom eter.

Phenyldiazom ethane (1) was prepared according to F a r n u m  [13].
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R eaction  of phenyldiazom etbane w ith aromatic aldehydes in  the presence o f Z n l2

A n  ethereal solution (10 m L ) o f phenyldiazom etbane (1.35 g; 11 m m ol) w as added  
drop w ise , w ith  stirring under n itrogen , over a period o f 1 hour at room  tem perature to  a solution  
o f  3 .2  g  (10 mmol) Z nl2 and 10 m m ol of aromatic aldehyde in  40 m L o f d iethyl ether. The 
rea c tio n  m ixture was stirred for th e  n ex t hour and 100 m L  of chloroform  was added. Zinc 
io d id e  w as extracted w ith a 5%  am m onia solution, the organic layer w as dried over M gS04 
and chloroform  was evaporated. A b solu te  ethanol (5 m L ) was added to  the residue and the  
m ix tu re  was kept in  a refrigerator. A fter several days, crude ketones 3 were filtered and  
p u rified  b y  crystallization from  ethanol. The results are presented in Table 1.

Attem pts o f  the reactions of CeH 5CHIZnI (4)

a) w ith  benzaiaenyde (2a)

A  solution of phenyld iazom etbane (1.2 g, 10 m m ol) in  10 m L eth y l ether'w as added  
s lo w ly , under nitrogen, to an etherea l solution (20 m L) o f Z n l2 (3.2 g, 10 m m ol) cooled to  
—45 °C. E ach portion of phenyld iazom ethane solution was added w hen the red colour o f  the  
diazo com pound disappeared. The add ition  took about 1 hour. B enzaldehyde (1.09 g, 10 m m ol) 
w as th e n  added at —40 °C and th e  m ixture was a llow ed to  warm  up to room  tem perature. 
T he reaction  m ixture was w orked up as previously. 1II-N M R  spectrum  showed the absence  
o f  desoxybenzoin .

h) w ith  1,1,2,2-tetramethylethylene (5)

T o an a-iodobenzylzinc iod id e  solution  prepared identica lly  as in  procedure a, 1,1,2,2- 
te tram eth y leth y len e  (15 m L) w as add ed  at —40 °C and stirring under nitrogen was continued  
a t  a room  tem perature for 12 h. A fter  this tim e the ca ta ly st w as rem oved and the m ixture  
w as w orked  up as previously. l-P h en yl-2 ,2 ,3 ,3 -tetram eth ylcyclop rop ane (6) was d istilled  from  
th e  reaction  m ixture in  vacuum . I t  w as additionally purified on a colum n (neutral alum ina, 
h ex a n e). Yield: 520 m g (15%  on crude 1). Oil. B .p. 130 — 135°/4 Torr.

C13H 18 (174.27). Calcd. C 89.59; H  10.40. Found C 89.75; H  10.21% .
IR  (neat): i’rins 1020 c m - 1 ; 3101 cm -1 .
JH -N M R  (CC1?, TMS =  O): 0 .90 (6H , s, CH3), 1.25 (6H , s, CH3), 1.50 (1H , s, C H - P h ) ,  

7.10 (5 H , m , aromatic).
MS: 174 (M + , 67% ), 160, 159 (100% ), 131, 117, 105, 57, 28.

W e are grateful for financia l support from the P olish  Ac:_ut,.uy ox sc ien ces (grant 
nu m ber M R I. 12).
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The dynam ic viscosities o f m ixtures o f aliphatic (m ainly propionic) acids with  
prim ary or secondary or tertiary am ines have been m easured betw een  293.15 and 
333.15 K. The stu dy  of the v iscosity  coefficient and of the activation  en th a lp y  o f vis
cous flow  in function  of concentration  yields qualitative inform ation on th e  association  
processes. R esults allow to conclude th a t associates w ith com positions o f A B , and 
A B 3, form in m ixtures o f propionic acid and a tertiary alkyl am ine (A  stan ds for the 
am ine, В for the acid m olecule). A B , further A B 3 associates form  also in  m ixtures of 
secondary alkyl am ine and propionic acid, bu t these associates com bine w ith  each 
other. Consequently, generally A B 3 associates will form in equim olar m ixtures, and 
generally (A B 3)2 associates w hen the m ole fraction of the acid is 0 .75. D u e to similar 
processes, (A B )4 or (A B )5 are the characteristic associates in equim olar m ixtures of 
prim ary alkylam ine and carboxylic acid, in such m ixtures further com binations of 
A B 3-associates is very unlikely.

T h e s tu d y  o f v isco sity  supp lies a d d itio n a l in fo rm atio n  on  th e  s tru c tu re  
o f, an d  on associa tions in , a m ix tu re  o f liq u id s . U n fo rtu n a te ly  th is  in fo rm a tio n  
allow s b u t  q u a lita tiv e  d ed u c tio n s , since th e  theo ries on th e  v isc o s ity  o f  m ix tu res  
ca n  n o t serve us a solid basis for q u a n ti ta t iv e  ev a lu a tio n s . N e ith e r  a re  th e  
th eo rie s  in resp ec t to  v isco s ity  o f so lu tio n s o f po lym ers [1] a p p lic a b le  to  m ix
tu re s  w hich co n ta in  a sso c ia tio n  p o ly m ers; also th e  ca lcu la tio n  o f  th e  degree of 
asso c ia tio n  based  u p o n  a d e te rm in a tio n  o f  th e  ac tiv a tio n  e n th a lp y  o f  viscous 
flow  [2] is to  be  considered  a s e m i-q u a lita tiv e  m ethod  o n ly . A f te r  all th is  i t  
seem s ju s tif ie d  to  a sk  w h e th e r or n o t a s tu d y  o f v iscosities is en e rg y  well 
s p e n t?  W e th in k  th a t  a re p ly  in  th e  a ff irm a tiv e  is fu lly  a p p ro p r ia te  because 
such  s tu d ies  a re  ju s tif ie d  n o t on ly  in  v iew  o f th e  lack  o f m e th o d s  o f  ca lcu la tio n  
re le v a n t to  th e  v isco sity  o f m ix tu re s  b u t  also in  view  of th e  f a c t  t h a t ,  in  some 
cases, v isco sity  d a ta  help  to  evo lve an  accep tab le  physical n o tio n  o f  th e  s tru c 
tu r e  o f  liqu ids.

In  th a t  follows, we p ropose  to  discuss s tud ies ca rried  o u t  w ith  m ix tu res 
o f  a  few  carboxy lic  acids w ith  p rim a ry - , secondary- or te r t ia r y  a lk y lam in es.

E x p erim en ta l

A  rotational viscosim eter, type R h eotest 2 — 50 H z RV2, was used for th e  recording 
o f  v iscosity  data. The substances were purified by rectification on a colum n o f abou t 30 theoret
ical plates: the m iddle fraction recovered at a reflux ratio o f 1 : 10 was used  in  the experi
m ents. No contam inants were detectable in  these substances by gas chrom atography.
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Tem peratures were k ep t co n sta n t within ^ 0 .0 5  К  lim its  w ith  the help of an ultra
th erm o sta t. Mixtures were prepared b y  dosage of the pure substances, from burettes. Overall 
v o lu m es o f  the m ixtures were k ep t betw een 30 and 40 m L . T he experim ental results are col
lec ted  in  the Tables w hich fo llow , and are presented as fun ction s of molar fractions, x, and 
o f  tem perature. D ynam ic v isco sitie s  are noted in 1 m P a .s =  1 0 ~ 3 P a.s =  1 cP units.

E v a lu a tio n  of experim en ta l d a ta

V iscosity  itse lf  is a  g o o d  in d ica tion  o f a sso c ia tio n  processes occu rring  in  
a  m ix tu re  since th e  in c re a se  in  size of h y d ro d y n a m ic a l u n its  d islocated  d u rin g  
v isco u s  flow , i.e. o f m olecu les a n d  th e ir  associa tes, g en era lly  causes th e  increase  
o f  th e  v iscosity  coeffic ien t [3]. Of course, th is  s ta te m e n t  is va lid  on ly  i f  no 
s ig n if ic a n t change occurs in  th e  s tru c tu re  o f th e  liq u id .

B esides th e  v isco s ity  coeffic ien t th e  a c t iv a tio n  e n th a lp y  o f viscous flow  
g ives som e in fo rm atio n  o n  th e  size of th e  h y d ro d y n a m ic a l u n its  in  com m on 
m o v e m e n t. On th e  basis  o f  th e  hole th eo ry  o f  liq u id s , th is  m agn itu d e  is easily  
in te rp re ta b le  for ch a in  m o lecu les and  th e ir  a sso c ia te s  [2]; also, accord ing  to  
e x p e rie n c e , i t  enables a n  e s tim a tio n  to  be  m a d e  o f  th e  re la tiv e  m olecu lar 
m asse s  o f  e.g. te r t ia ry  a m in e s , carbonic acids, a n d  th e ir  accociates [4]. In  th e  
c o u rse  o f  evaluations also  t h e  ac tiv a tio n  e n th a lp ie s  o f  viscous flow  o f th e

1
m ix tu re s  stu d ied  w ere c a lc u la te d  from  th e  slopes o f  In rj vs. — —  d iag ram s.

T h is  w a y  of p lo ttin g  h a d  n o t  alw ays p ro d u ced  c o rre c tly  s tra ig h t lines, b u t  
th is  w as n o t expected  since  assoc ia tion  processes a re  sen sitiv e  to  te m p e ra tu re , 
th u s  i t  can  be foreseen t h a t  f ro m  d a ta  recorded  a t  lo w er te m p e ra tu re s  a sh a rp e r 
r is e  o f  th e  curve, i.e. h ig h e r  a c tiv a tio n  e n th a lp y  w ill b e  deduced , co n seq u en tly  
h ig h e r  figures for th e  a v e ra g e  re la tiv e  m olecu lar m ass  w ill be ca lcu la ted  th a n  
fro m  d a ta  recorded a t  h ig h e r  tem p era tu res . N ev e rth e le ss , th e  a p p a re n t re la tiv e

Table 1

Dynam ic viscostiy o f  m ixtures o f propionic acid x l9 w ith tri-n-propylamine

T *x=0.000 0.100 0.400 0.500 0.600 0.700 0.750 0.775 0.800 0.900 1.000

к Dynam ic viscosity, m P as

293.15 0.670 0.734 4.43 5.62 5.97 13.95 20.55 23.47 23.75 8.57 1.10

298.15 0.523 0.664 3.85 5.12 5.22 11.20 16.25 18.67 18.96 7.50 —

303.15 0.495 0.589 3.50 4.35 4.50 9.20 13.02 15.00 15.59 6.47 0.96

308.15 0.459 0.543 3.10 3.75 3.80 7.70 10.85 12.22 12.77 5.81 —

313.15 0.445 0.511 2.80 3.62 3.35 6.52 9.00 10.32 10.76 5.04 0.84

318.15 0.412 0.499 2.45 3.03 3.00 5.57 7.62 8.68 8.96 4.40 —

323.15 0.380 0.464 2.22 2.75 2.67 4.82 6.46 7.44 7.72 4.05 0.75
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m olecular m ass, a n d  th e  a c tiv a tio n  e n th a lp y  w ere ca lcu la ted  from  all th e  ex p e r
im en ta l d a ta  av a ilab le , b y  m eans of th e  le a s t-sq u a re s  m ethod , b ecau se  ow ing 
to  th e  s e m i-q u a n tita tiv e  c h a ra c te r  o f th is  c a lc u la tio n , we th o u g h t i t  w as n o t 
w o rth y  to  pe rfo rm  calcu la tio n s for n a rro w e r te m p e ra tu re  in te rv a ls .

Table II

D ynam ic viscosity o f  mixtures o f propionic acid, x lt and tri-n-butylam ine

T *1=0.000 0.100 0.200 0.300 0.400 0.500 0.600 0.700 0.800 0.900

к Dynamic v iscosity , m Pa. s

293.15 1.450 1.867 2.526 4.226 6.422 6.442 12.71 26.10 23.66 6.57
298.15 1.280 1.389 1.676 2.303 3.571 5.447 10.24 20.63 19.13 5.91
303.15 1.170 1.228 1.495 1.923 3.107 4.591 8.37 16.90 15.79 4.93
308.15 1.070 1.112 1.342 1.728 2.693 3.887 7.04 13.12 13.19 4.33
313.15 0.990 1.015 1.212 1.523 2.359 3.372 5.67 10.81 10.94 3.79
318.15 — 0.938 1.096 1.361 2.071 2.954 5.03 8.92 9.32 3.39
323.15 0.863 0.878 0.994 1.245 1.839 2.557 4.35 7.55 8.06 3.04
328.15 - 0.806 0.920 1.138 1.627 2.243 3.81 6.41 6.95 2.69
333.15 0.740 0.738 0.850 1.036 1.458 2.013 3.29 5.38 6.05 2.46
338.15 — 0.694 0.771 0.943 1.291 1.797 2.88 4.71 5.29 —

343.15 0.632 0.646 0.734 0.864 1.189 1.603 2.52 4.08 4.60 —

Table III

D ynam ic viscosity o f  mixtures o f p iva lin ic  (trimethyl-acetic-)acid , x ,, and  
tri-n-propylam ine

r

к

x1= 0 .1 0 0 0.200 0.300 0.400 0.500 0.600 0.700 0.725 0.750 0.800 0.900 1.000

Dynamic viscosity, inP a.s

293.15 1.239 1.593 1.998 3.304 5.525 14.34 41.75 62.84 69.20 54.33 15.35 solid
298.15 1.113 1.416 1.897 2.795 4.857 11.43 29.64 43.60 52.11 40.03 11.96 1 solid
303.15 1.090 1.371 1.631 2.479 3.946 9.15 21.72 31.12 39.98 28.38 9.46 solid
308.15 1.007 1.265 1.619 2.325 3.560 7.47 16.62 22.68 28.77 21.17 7.88 I  solid
313.15 0.961 1.163 1.474 2.14 3.069 6.17 12.77 17.62 21.17 16.84 6.57 2.45
318.15 — 1.088 1.375 1.94 2.62 5.00 10.24 14.04 17.53 13.12 5.51 2.23
323.15 — 1.017 1.285 1.79 2.72 4.15 8.33 11.21 13.24 10.81 4.73 2.06
328.15 — — — — — 3.421 6.92 9.44 10.09 8.72 4.06 1.86
333.15 — — — — — 2.81 5.78 6.77 8.86 7.21 3.62 1.64
338.15 1.49
343.15 1.35
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Table TV

Dynam ic viscosity o f  mixtures o f  propionic acid, x lt and di-n-butylamine

T х г  —  0.000 0.200 0.400 0.500 0.600 0.700 0.750 0.800

к Dynamic viscosity, m P a.s

293.15 0.850 2.45 20.21 — 109.28 125.94 139.33 16.74

298.15 — 2.21 15.81 — 80.86 94.32 102.52 14.24

303.15 0.730 2.05 12.24 48.04 64.20 72.81 74.31 11.85

308.15 — 1.87 9.94 35.66 49.41 54.50 58.19 10.22

313.15 0.640 1.69 7.97 27.31 39.46 42.04 44.26 8.75

318.15 — 1.54 6.42 21.32 31.87 34.15 35.31 7.62

323.15 0.560 1.44 5.61 17.49 25.80 27.70 27.67 6.98

328.15 — 1.34 4.66 13.81 21.24 22.53 22.14 6.22

333.15 0.500 1.24 3.99 11.45 17.99 18.98 18.63 5.42

Table V

Dynamic viscosity o f  mixtures o f propionic acid, x t, and n-butylamine

T

к

Xl  =  0.000 0.200 0.300 0.400 0.500 0.600 0.700 0.750 0.800 0.875

D ynamic viscosity, m P a.

293.15 0.523 1.82 15.13 63.74 566.2 178.0 54.56 30.14 18.72 5.08

298.15 0.480 1.75 12.72 51.68 400.2 137.5 43.20 25.03 15.68 4.48

303.15 0.444 1.63 10.92 41.89 300.9 107.7 35.21 20.17 13.00 4.05

308.15 0.421 1.56 9.48 34.98 230.9 85.1 29.21 17.49 11.15 3.57

313.15 0.401 1.44 8.34 29.06 176.5 71.2 24.51 15.02 9.51 3.09

318.15 — 1.41 7.31 24.58 136.6 57.9 20.64 12.59 8.34 2.86

323.15 — — 6.66 21.02 112.7 47.7 17.83 11.15 7.33 2.73

328.15 — — 6.08 18.51 85.4 41.4 15.10 9.98 6.47 2.52

333.15 — 5.43 15.40 70.3 35.3 13.58 7.97 5.81 2.43

M r — 16.7 A H  — 34.3 is th e  co rre la tio n  fo u n d  for h y d ro c a rb o n s  b u t  
a p p lic a b le  also for a lcoho ls, am ines, an d  c a rb o x y lic  acids, as show n in  p rev io u s 
c o m m u n ic a tio n s . This is u sed  also here  fo r th e  e s tim a tio n  o f m o lecu la r m ass; 
A H  is in  k J  • m o le -1 u n it .  T h e  resu lts  o f  su ch  ca lcu la tio n s are  show n  in  T ab les 
Y I I . l . —V II.6 .

L e t  th e  carboxy lic  ac id  -f- te r t ia ry  am in e  m ix tu res  be f ir s t  co n sid ered  
to  in te r p r e t  th e  a sso c ia tio n  phen o m en a . V iscosities recorded  a t  293.15 К  are  
sh o w n  in  F igu re  1, a c t iv a tio n  en th a lp ies  o f  v iscous flow  are  show n in  F ig u re  2. 
T h e  b e s t  ap p rec ia tio n  o f  th e  b eh av io u r, re sp ec tiv e ly , o f a p rim ary , a  se c o n d a ry  
o r  a  t e r t i a r y  am ine is p ossib le  b y  a com parison  o f th a t  o f th e  system s p ro p io n ic
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Tabic VI

Dynam ic viscosity, r], o f  the mixtures o f  propionic acid, x„  and n-pentylamine

T x, =  0.000 0.100 0.200 0.300 0.400 0.500 0.600 0.700

к Dynamic viscosity, m Pa.s

293.15 0.656 1.62 1.97 13.70 85.81 707.80 368.13 75.40
298.15 0.609 1.53 1.86 11.78 71.98 510.19 274.56 60.40

303.15 0.563 1.42 1.74 10.12 56.82 386.03 209.99 48.75
308.15 0.523 1.40 1.69 8.82 46.99 296.28 164.60 40.40
313.15 0.484 1.32 1.60 7.77 39.47 226.21 130.79 33.80

318.15 0.457 1.24 1.51 6.87 33.60 178.26 103.82 28.40

323.15 0.441 1.20 1.43 6.62 28.82 137.64 80.59 24.80
328.15 0.421 1.16 1.39 5.75 25.65 105.73 70.35 21.20

333.15 0.404 1.10 1.34 5.25 21.92 74.57 57.37 18.45

acid  -)- tr i-n -b u ty la m in e , -)- d i-n -b u ty lam in e , an d  -f- n -b u ty la m in e ; th is  is 
i llu s tra te d  on F igu res 3 a n d  4.

S u itab ly , th e  d a ta  fo r th e  p rop ion ic  acid -f- n -b u ty la m in e  system  are 
co m p ared  w ith  th o se  for th e  prop ion ic  acid  -f- n -p e n ty la m in e  sy stem . This is 
illu s tra te d  on F igu res 5 a n d  6.

F ig . 1. Dynam ic v iscosity  at 293.15 K , o f the m ixtures propionic acid , x l -f- tri-n-propylam ine 
(1), +  tri-n -butylam ine (2), and pivalin ic acid, xx +  tri-n -propylam ine (3)
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F ig. 2 . ^A ctivation  enthalpy of v iscous flo w , between 293.15 К  and 333.15^K ,[of the m ixtures 
Jjpropionic acid, xt -f- tri-n -propylam ine (1), +  tri-n-butylam ine (2), and pivalin ic acid,

x t +  tri-n-propylam ine (3) ~'~'l '

F ig. 3. D y n am ic  viscosity at 303.15 К  o f th e  m ixtures propionic acid , x , -j- tri-n-butylam ine  
(1), +  d i-n -b utyalm ine (2), and -)- n-butylam ine (3)

B a se d  upon  th e  d a ta  o f  th e  F igures an d  o f  T ab le  Y I I  concern ing  th e  
l iq u id  s tru c tu re s  o f th e se  m ix tu re s  th e  following can  be  s ta te d .

T h e  ex trem e  increase in  v isc o s ity , as well as th e  m a x im u m , a t  th e  com 
p o s itio n  x 1 =  0.75, o f th e  a c t iv a t io n  en th a lp y  o f  v iscous flow  in d ica te  th a t  
c o n s id e ra b le  association  o ccu rs  a t  th e  mole ra tio  3 : 1 o f  ac id : te r t ia ry  am ine .
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F ig. 4. A ctivation enthalpy  o f viscous flo,w, betw een  293.15 and 333.15 K , o f  the m ixtures 
propiomc"]acid, x , -(-'tri-n-butylam ine (1), +  d i-n-butylam ine (2), and -f- n -butylam ine (3)

Fig. 5. D ynam ic v iscosity  a t 293.15 K, o f the m ixtures propionic acid, x t -f- n-butylam ine (1),
and n-pentylam ine (2)

T his can  be  in te rp re te d  as th e  fo rm a tio n  o f  a n  AB ty p e  m ixed  asso c ia te  be
tw een  propionic ac id  a n d  te r tia ry  am in e , viz. o f  te r t ia ry  a lk y l-am m o n iu m  p ro 
p io n a te ; th e n  th is  species and  th e  d im erized  m olecules o f  excess prop ion ic  
a c id  in te ra c t  an d  a n  A B 3-ty p e  asso c ia te  is fo rm ed , w here A  s ta n d s  fo r th e
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Table

Activation enthalpy o f  viscous flow , AH , (k J  ■ m ole*1)  and the estimated relative

1 2 3

P ro p io n ic  a c id , x l t  +  
tr i-n -p ro p y la m in e

P ro p io n ic  acid , a^, +  
tri-n -b u ty la m in e

Pivalin ic  acid , x x> -j- 
tri-n -p ro p y lam in e

H M , I I M r *i H M r

0.100 10.54 142 0.000 13.34 189 0.100 9.89 131

0.100 11.76 162 0.100 13.98 199 0.200 11.28 154

0.400 17.44 257 0.200 15.82 230 0.300 11.71 161

0.500 18.92 281 0.300 17.97 266 0.400 14.02 200

0.600 21.81 330 0.400 20.84 314 0.500 22.58 377

0.700 27.65 428 0.500 23.12 352 0.600 32.59 510

0.750 30.02 467 0.600 24.46 408 0.700 39.69 628

0.775 30.03 467 0.700 31.01 484 0.750 42.80 680

0.800 29.39 457 0.800 27.02 417 0.800 40.71 646

0.900 19.98 299 0.900 20.26 304 0.900 29.11 452

1.000 10.06 134 1.000 15.68 227

am in e  a n d  В fo r th e  ac id  m olecules. T he A B -ty p e  associa te  a t  a m ole ra t io  
o f  1 : 1 cau ses  a w ell-observab le  d is to rtio n  on th e  v iscosity  curve a n d  also 
on th e  c u rv e  fo r th e  a c tiv a tio n  e n th a lp y  of v iscous flow . This p h en o m en o n  is 
m u ch  less conspicuous w ith  p iv a lin ic  acid b ecau se  i ts  acid ic ch a rac te r is co n sid 
e ra b ly  w e a k e r  th a n  th a t  o f  p ro p io n ic  acid . T he e s tim a te d  re la tiv e  m o lecu la r 
m asses a re  in  q u a lita tiv e  a g reem en t w ith  th is  p h y s ic a l p ic tu re . The co m p ariso n  
is g iv en  in  T ab le  У I I I .

F ig. 6. A ctiv a tio n  enthalpy io f v iscous flow , between 293.15 and 333.15 K , o f the m ixtures  
propionic acid -f- n-butylam ine (1), and +  n-pentylam ine (2)
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VII

molecular m ass , M r,fo r  mixtures o f  carboxylic acids an d  am ines

4 5 6

Propionic acid, x l f 
di-n-butylam ine

Propionic acid, x x 
n-butylam ine

+ Propionic ac id , x x% 
n-penty lam ine

+

*i H MT 11 Mr *! II M,

0 .0 0 0 10.78 146 0 .0 0 0 10.08 134 0 .0 0 0 11.55 158

0.200 13.57 192 0.200 7.97 99 0.100 7 .68 94

0.400 32.82 514 0.300 20.44 307 0.200 7 .97 99

0.500 39 .74 629 0.400 28.33 439 0.300 19 .16 286

0.600 36.42 574 0.500 41.76 663 0.400 27 .65 427

0.700 38 .54 609 0.600 32.66 511 0.500 4 3 .1 0 685

0.750 4 0 .84 648 0.700 28.17 436 0.600 3 5 .99 567

0.800 23.70 361

0.975 15.40 223

T he d a ta  o f  th is  T ab le  show  th a t  th e o re tic a l  and  e s tim a ted  f ig u re s  for 
th e  m o lecu la r m asses o f p u re  com ponen ts ta l ly  accep tab ly  well a n d  t h a t  e s ti
m ated  figures fo r associations are  h igher th a n  th e o re tic a l ones in  e v e ry  in s ta n t .  
This seem s to  be  q u ite  reaso n ab le  if  we re g a rd  th e  associates as m o re  rig id  
s tru c tu re s  th a n  a re  th e  ch a in  m olecules. T h u s  m u ch  higher a c tiv a tio n  energ ies 
a re  needed  to  d islocate  th e  fo rm er th a n  to  d is lo ca te  a chain m olecu le  o f  th e

T a b le  V I I I

7'heoretical, and estimated, relative molecular mass o f  the components, 
and o f  the associates, in mixtures o f carboxylic acid und tertiary alkylam ine

A/r.
theoretical

Mr.
estimated

134

227
-  9 .6  

+  11 .3

C o m p o n e n t

Propionic acid dimer 

Pivalinic acid dimer 

tri-n-Propylam ine 

tri-n-Butylam ine  

Association 1 : 1 

Association 1 : 1 

Association 1 : 1 

Association 1 : 3 

Association 1 : 3 

Association 1 : 3

в рг, 148 .16

« r i , 204 .28

A P 143.27

A b 185.36

A PB 217.35

ApBpj 245 .41

A bB pi 2 59 .44

A pB pr, 365.51

A pBpis 4 4 9 .6 9

A bB pr3 407.60

142 -  0 .9

189 +  2 .0

281 +  29.5

377 +  53 .9

352 +  35 .9

467 +  27.8

680 +  51.1

490 +  20.1
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sam e  m ass . This conclusion  seem s to  be s u p p o r te d  b y  th e  resu lts o b ta in e d  fo r 
p iv a lin ic  ac id : here  a d e v ia tio n  am o u n tin g  to  -f-11.3 per cen t is o b se rv a b le  
a lre a d y  w ith  th e  d im erized  ac id , also in  th e  case o f  m ix ed  associates th is  d e v ia 
tio n  in c rea se s , to  a b o u t 50 p e r cen t, only fo r a sso c ia te s  w ith  p iva lin ic  ac id , 
p re s u m a b ly  ow ing to  its  b ran ch ed  chain  s t ru c tu re .  In  th e  o th e r in s ta n c e s  
th is  d e v ia tio n  is b e tw een  20 an d  30 per cen t.

T h e  p rim ary -, seco n d ary - an d  te r t ia ry  a m in e s , respectively , sh o w  a n  
e sse n tia lly  d iffe ren t b e h a v io u r. R egard ing  o n ly  v isc o s ity  d a ta  (Fig. 3) i t  m ig h t 
he  th o u g h t  th a t  th e  p r im a ry  am ines form  o n ly  1 : 1 associates, th a t  th e  se c o n d 
a ry  a m in es  form  m ain ly  1 : 1 an d  1 : 3 a sso c ia tes  a n d  th e  te r tia ry  am in e  fo rm  
p re fe ra b ly  1 : 3 associa tes w ith  th e  acid. As sh o w n  before, a t  eq u im o la r co m 
p o s itio n  also  th e  te r t ia r y  am in e  is p resen t p ra c tic a l ly  en tire ly  in  1 : 1 a sso 
c ia te s , th u s  we are  p ro m o te d  to  th in k  th a t  th e  1 : 1 associates of se c o n d a ry  a n d  
o f  p r im a ry  am ines w ill com bine , else no e x p la n a tio n  seems to  be fo r th c o m in g  
o f th e  fa c t  th a t  v isco sity  as w ell as a c tiv a tio n  e n th a lp y  of viscous flo w  a re  
co n sp icu o u sly  h igh  a t  eq u im o la r com positions. I t  seem s th a t  th e  s e c o n d a ry  
a m in e  — in  itse lf  a w eak ly  associa ted  sy s tem  — f i r s t  form s an  1 : 1 a sso c ia te  
w ith  th e  ac id , M r(AB) =  203; th is  b rings a b o u t  a  sligh t increase o f th e  a v e r 
age r e la t iv e  m olecu lar m ass th e  х г =  0.0 —0.2 m ole frac tion  ran g e . W h en  
ac id  c o n c e n tra tio n  is h ig h er th a n  th is , a fu r th e r  asso c ia tio n  occurs, e.g.

R

0  =  C 0 ^ H .  . . N H

R ’ R

B y  a n a lo g y  to  th e  d im eriza tio n  w ritten  as a n  ex am p le , cha in -p o ly m ers  a re  
fo rm e d . T his p o ly m eriza tio n  m ay  serve as a n  e x p la n a tio n  w hy th e  a c t iv a t io n  
e n th a lp y  o f  viscous flow  o f a system  com posed o f  a n  1 : 1 m ix tu re  o f s e c o n d a ry  
a m in e  -j- ac id  is tw ice  t h a t  o f a system  s im ila r ly  com posed of th e  t e r t i a r y  
a m in e  a n d  th e  acid . T h e  ca lcu la ted  re la tiv e  m o lecu la r mass of th e  A B  asso 
c ia te , M r( A B) =  203.33, th e  e stim a ted  f ig u re  a t  equim olar co m p o sitio n  is 
629. T h is  d ev ia tio n  (a b o u t 300 per cent) c a n n o t, perhaps, be e x p la in e d  b u t  
b y  su p p o sin g  th a t  th e  p o ly m eriza tio n  o f th e  m ix e d  associates indeed ta k e s  p lace  
a n d  t h a t ,  on  th e  av e rag e , a b o u t th ree  a sso c ia tes  com bine. The in c rease  o f  th e  
m ass o f  h y d ro d y n am ic  u n its ,  i.e. o f p a rtic le s  m o v in g  toge ther, causes a  su b 
s ta n t ia l  increase  in  th e  v isco s ity  coefficient, th e re fo re  th e  v iscosity  o f  th e  se c o n d 
a ry  a m in e  -f- ac id  m ix tu re  is su b s ta n tia lly  g re a te r  th a n  th a t  o f th e  t e r t ia r y  
a m in e  -f- ac id  m ix tu re . T h is phenom enon , i.e. t h e  fu r th e r  association  o ccu rs  a lso  
w h en  th e  m ole ra t io  is 1 : 3 a n d  its effect is e v id e n t  in  th e  figures o f  th e  v is 
c o s ity  coeffic ien t as w ell as in  tho se  of th e  a c t iv a t io n  en th a lp y  of v iscous flow .

R R

2 R ’C O ^ I l .  . .N H
li I
О R

0  =  C0 H . . N  — H . . .
I I

R ’ R
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H ow ever, th e  ag reg a tio n  o f A B 3-ty p e  asso c ia tes  does n o t p roceed  u p  to  th e  
fo rm atio n  o f tr im e rs . M ost p ro b a b ly  th e  sp a tia l  a rran g em en t o f  th e  1 : 3 
com plex  h in d ers  p o ly m eriza tio n .

T he re la tiv e  m olecular m ass M r(A B 3) is 277.41, th a t  o f  a supposed  d im er, 
Mr(A B 3)2 is 544.82, th e  e s tim a te d  fig u re  is 648. T he d ev ia tio n  in  th e  case of 
te r t ia ry  am in e : th is  e s tim a te  does n o t c o n tra d ic t  th e  assum ed  assoc ia tion  
process. Seem ingly , th e  d im eriza tio n  o f  A B 3 associates ta k e s  p lace  here.

A t a com position  o f x x — 0.5 th e  v isc o s ity  o f  th e  p r im a ry  am in e  -f- acid  
sy stem  is ro u g h ly  th re e  h u n d re d  tim es h ig h e r th a n  th a t  o f th e  p u re  su b stan ces. 
T his suggests t h a t  1 : 1 a ssoc ia tion  is decisive  also  in  th is  in s tan ce . A lso AB- 
- ty p e  associates undergo  p o ly m eriza tio n  as in d ic a te d  b y  ac tiv a tio n  e n th a lp y  d a ta .

T he e s tim a te d  re la tiv e  m olecu lar m ass , 633, rep resen ts  an  a b o u t 450 
p er cen t p o sitiv e  d ev ia tio n  from  th e  c a lc u la te d  re la tiv e  m o lecu la r m ass 
M r(AB) =  147.22, o f th e  AB associa te , th u s  i t  seem s to  be ju s tif ie d  to  suppose 
th a t ,  on th e  av erag e , a b o u t 4 o r 5 A B -assoc ia tes com bine. T he tw o  hydrogens 
o f  th e  p rim a ry  am ine  allow  th e  fo rm a tio n  o f  b ra n c h e d  chains o r o f  rin g  s tru c 
tu re s  so i t  is in  th is  case th a t  e s tim a tio n  o f  re la tiv e  m olecular m asses is th e  
m ost u n c e rta in .

T he A B 3-ty p e  associa tion  seem s to  be  p re se n t also in  th e  p r im a ry  am ine-|- 
acid  system . A t a com position , o f x x — 0.75 th e  ca lcu la ted  re la tiv e  m olecu lar 
m ass M r(A B 3) is 295.38, th e  e s tim a te d  fig u re  is 398, th e  d ev ia tio n  is -|-35 
p er cen t: h a rd ly  g rea te r th a n  th e  p o s itiv e  d ev ia tio n s found  w ith  te r t ia ry  
am ines, th u s  i t  is q u ite  p ro b ab le  th a t  h ere  o n ly  th e  fo rm atio n  of 1 : 3 associates 
sho idd  be  considered . This seem s to  be  s u p p o r te d  by  p ra c tic a lly  th e  sam e 
conclusion to  be  d raw n  fro m  th e  s tu d y  o f  th e  re-pentyl-am ine -f- p rop ion ic  
acid  system .

I t  sho idd  b e  n o ted  th a t  in  th e  m ole fra c tio n  range  o f x± =  0.0 —0.2 o f 
th e  tw o  p rim a ry  am ines an d  re la tiv e  m o lecu la r m asses show  figures low er th a n  
th o se  found  fo r th e  p u re  su b stan ces. T h e  lik e ly  reason  is, th a t  th e  p rim a ry  
am ine  in  itse lf  is a s tro n g ly  assoc ia ted  sy s te m  a n d  th a t  also in  p rop ion ic  acid  
p ra c tic a lly  d im eric  m olecules a re  p resen t, th e re fo re  fo rm atio n  of A B  associa tes 
does n o t in crease  th e  av e rag e  re la tiv e  m o lecu la r m ass, b u t  th e se , as a  new  
co m p o n en t, d ilu te  th e  system  an d  p ro m o tes  th e  d issociation  o f  th e  associates.
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The R u f f ’s theory based on a lattice-like m odel o f concentrated strong electro
lytes is used via  experim ental static  relative perm ittivities. I t  is found th a t  th e  theory 
is suitable for prediction o f the a ctiv ity  coefficients o f strong electrolytes in  concentrated  
solutions. The results ind icate th a t a concentrated solution has a cry sta l structure 
similar to that o f  the corresponding solid phase. Using empirical la tt ic e  parameters 
(r° and M )  the theory gives an extrapolation m ethod w ith high accuracy.

1 . I n tr o d u c t io n

In  1977 R u f f  p u b lish ed  [1] a  new  m odel for c o n c e n tra ted  so lu tio n  of 
s tro n g  e lec tro ly tes. T h e  m odel lias th e  fo llow ing ch a rac te ris tic  fe a tu re s :

a) th e  ions o f  th e  s tro n g  b in a ry  e le c tro ly te  are  d is tr ib u te d  in  a  la ttice - 
-like a rran g em en t,

b) th e  ions a re  im m ersed  in  an  incom pressib le , s tru c tu re -le ss , con tinuous 
d ie lec tric , h u t  th is  m ed iu m  has a d ie lec tric  g ra d ie n t in  th e  v ic in i ty  o f  ions 
d u e  to  th e  po lariz ing  e ffec t o f  th e ir  e lectric  fie ld ,

c) th e  coulom bic forces a re  ta k e n  in to  acco u n t via  a n  a v e ra g e  re la tiv e  
p e rm itt iv i ty  w hich is a fu n c tio n  o f th e  in te rio n ic  d istances,

d) th e  d ielec tric  g ra d ie n t a ro u n d  th e  ions creates a re p u ls iv e  energy 
am o n g  th em . T he rep u ls iv e  energy  equal to  th e  w ork  needed b y  th e  rem o v a l of 
so lv en t m olecules from  th e  m ed ium  w ith  d ie lec tric  g rad ien t th e n  th e  in te rio n ic  
d is tan ces  decrease.

A ccording to  th is  p h y sica l p ic tu re  th e  excess G ibbs free e n e rg y  o f the  
e lec tro ly te  so lu tions, is

A  Ge=  v R T  In у  =
2 iV» M z2e2

с ‘/з  -|_
enr" А/аГ°

[in —
l Ed

C2/3 —

2
З л / З  z2h far°

[—  — 1.
9c2,3 + ( l n ^ c

Ái З л / З  z2 h2f l  r02 fc'dJ
(1)

•M agyar K ém iai F olyóirat (in Press)
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w h e re :  у  — m ean ionic a c t iv i ty  coefficient, R -gas c o n s ta n t ,  T  — te m p e ra tu re , 
v — n u m b e r  of ions in  one m o le  e lectro ly te , N A — A v o g ad ro  c o n s ta n t, M  — 
M a d e lu n g  constan t, z  — h ig h e s t  com m on fa c to r  o f  th e  charge num bers o f  th e  
c a t io n  a n d  the  an ion , e — c h a rg e  of th e  e le c tro n , e0 — s ta tic  re la tiv e  
p e r m i t t iv i ty  of th e  s o lu tio n  in  a weak f ie ld , r°  — th e  sh o rte s t d is ta n c e  
b e tw e e n  a  cation  and  a n  a n io n  in  a la ttice-like  a r ra n g e m e n t i f  th e  so lu tio n  h as  
a  c o n c e n tra tio n  of 1 m ol d m - 3 , c — co n cen tra tio n  in  m ol d m -3 , h — a c o n s ta n t 
c h a ra c te r is t ic  for th e  n o n lin e a r  dielectric b e h a v io u r , f a is g iven b y  E q  (2):

/  a =

-^-(1 — 7i(a3 +  o3)c /r 03)

я . 2 + У 2 ,
— h l - ------ ;==г +

2 / 2 У 2
3 / 2

16
1 - í i я  У2 (а а +  а с)

( 2)
и /з

2 г °

w h e r e :  аа and ас are th e  r a d ii o f  th e  anion an d  t h e  ca tio n , re sp ec tiv e ly , and  
£d is  t h e  average d ifferen tia l r e la t iv e  p erm ittiv ity , w h ic h  is ca lcu la ted  b y  R uff  
v ia  t h e  fo llow ing eq u a tio n :

ed — «о [1 — gl °xp  ( h /a r 0)] (3)

w h e re  g is a co nstan t a n d
r 0 =  r°/C>'3 (4)

E q u a tio n  (3) is a n  a p p ro x im a tiv e  fo rm u la  b a s e d  on  th e  B ooth’s th e o ry  
[2 a ] .  T h e  aim  o f th e  p re s e n t  p a p e r  is such a  ch eck  a n d  ap p lica tio n  o f R u f f ’s 
th e o r y  in  w hich e x p e r im e n ta l s ta tic  re la tive  p e rm itt iv i t ie s  are  used  in s te a d  
o f  t h e  app ro x im ativ e  v a lu e s  g iv e n  b y  Eq. (3).

2. Static relative permittivity in concentrated solutions 
of strong electrolytes

O n account of th e  o h m ic  co n d u c tiv ity  th e  s ta t ic  re la tiv e  p e rm itt iv i ty  o f  
c o n c e n tra te d  solutions o f  th e  s tro n g  electro ly tes c a n n o t  be  de te rm in ed  b y  d irec t 
m e a su re m e n ts . H ow ever, i t  c a n  be calcu lated  f ro m  h ig h  frequency  d a ta  u sin g  
a  s u i ta b le  m ethod o f e x tra p o la t io n . B a r t h e l , S c h m it h a l s  an d  B e h r e t  [2]  
e x p e r im e n ta lly  d e te rm in e d  t h e  com plex re la tiv e  p e rm it t iv i ty  as a fu n c tio n  
o f  t h e  co n cen tra tion  fo r  a lk a l i  chlorides an d  n i t r a te s  a t  w ave leng ths: 2.5  cm ,
3 .0  c m  a n d  3.6 cm . O u r t r e a tm e n t  on d ielectric  d a ta  is based  on th e se  re su lts  
b e lo n g in g  to  298 K .

T h e  frequency d e p e n d e n t  com plex re la tiv e  p e rm it t iv i ty  is

• e* =  e\co) +  je ’\co) (5)
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w h ere  e’(co) is th e  re a l p a r t ,  e \o ) )  is th e  im a g in a ry  p a r t  o f  th e  re la tiv e  p e rm it
t iv i ty ,  со is th e  c irc u la r  freq u en cy  an d  j  is th e  im a g in a ry  u n it .  F o r  conducting  
d ie lec tric  e” (o>) o rig in a te s  from  b o th  th e  ohm ic an d  th e  d isp lacem en t cu rren t
[3]. D iscussing th e  d ie lec tric  d a ta  one has to  se p a ra te  th e  o hm ic  p a r t  o f  e”(co) 
a n d  consider o n ly  th e  d isp lacem en t c u rre n t. In  th e  fo llow ing e”  denotes th e  
p a r t  o f com plex re la t iv e  p e rm ittiv ity  from  th e  d isp lacem en t c u rre n t an d  th e  
re a l p a r t  is e’.

T he D ebye e q u a tio n  fo r a d ielec tric  w ith  one re la x a tio n  freq u en cy  [4] is

1 + jc o r

w h ere : n — in te rn a l re f ra c tiv ity , со — s ta tic  re la tiv e  p e rm itt iv i ty , r  — re lax a
tio n  tim e . S ep a ra tin g  th e  rea l p a r t  fro m  th e  im a g in a ry  one , eq u a tio n s for 
s tra ig h t  line or sem ic irc le  can  he o b ta in ed  [4]. In  th e  l i te ra tu re  th e  Cole — 
Cole  p lo t [5] is g e n e ra lly  used . T he en d  p o in t of th e  sem icircle  in  th e  low 
freq u en cy  region p o in ts  o u t th e  s ta tic  re la tiv e  p e rm itt iv i ty  (e) w hile th e  high 
freq u en cy  end p o in t gives th e  sq u are  o f  th e  in te rn a l re f ra c tiv ity  (re2). D iscussing 
th e  d a ta  of B a r t h e l  a n d  cow orkers [2] i t  w as found  th a t  th e  in v estig a ted  
e lec tro ly tes  had  o n ly  one  re lax a tio n  freq u en cy , co n seq u en tly  th e  s ta tic  re la
tiv e  p e rm ittiv ity  co u ld  be  d e te rm in ed  via  E q . (6). T he Cole —Cole  p lo t for 
N aC l as an  ex am p le  is g iven  in  F ig . 1. I t  can  he seen th a t  b y  increasing  th e  
c o n cen tra tio n  th e  s ta t ic  re la tiv e  p e rm ittiv ity  o f  th e  so lu tio n  decreases, b u t 
even  a t  a co n cen tra tio n  o f  4 m ol d m '3 i t  is h ig h er th a n  e ~  29, th e  v a lu e  corre
spon d in g  to  th e  O n s a g e r  eq u a tio n  [6] ( th a t  is to  u n ity  K ir k w o o d ’s g  [7]). 
O n th e  o th e r side, th e  p resen ce  o f th e  ions ( th a t  is th e  s tro n g  loca l e lectric  field) 
h as  n o  effect on th e  d isp lacem en t p o la riza tio n , all th e  sem icircles h a v e  com m on 
^n d  p o in t in  th e  h ig h  freq u en cy  reg ion  s’ =  re2.

(6)

Fig. 1. Cole Cole p lot o f NaCl solutions as a function o f concentration
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O n th e  basis of E q . (6) t h e  s ta tic  re la tiv e  p e rm itt iv i ty  o f  a lkali chlorides 
a n d  n i t r a te s  are  ca lcu la ted  as a  fu n c tio n  o f th e  c o n c e n tra tio n . T he resu lts  a re  
g iv e n  in  T ab le  I  an d  I I .  T h e  T ab le s  also co n ta in  th e  re la tiv e  p e rm ittiv itie s  
c a lc u la te d  b y  E q. (3).

T h e  co n stan ts  of E q . (3) fo r  w a te r  a t  298 К  a re : h — 0 .939, g  =  6.52 [1]. 
I n  t h e  T ab les  e is also d if fe re n tia l  re la tiv e  p e rm itt iv i ty  lik e  ed, how ever, in  
e le c tro ly te  solutions th e  s tro n g  s ta t ic  electric fie ld  is caused  b y  th e  ions, an d  
th e  e le c tr ic  field  o f th e  ions is inhom ogeneous, w hile th e  n o n lin ea r d ielec tric  
b e h a v io u r  is usually  m easu red  b y  hom ogeneous fie ld  (see e.g. [8]). A t p re sen t, 
th e  d iffe ren ce  betw een th e  e ffec ts  o f  hom ogeneous a n d  inhom ogeneous fields 
is n o t  k n o w n  and  i t  w as su p p o se d  th a t  th is  d ifference  cou ld  be neg lec ted  
c o n s id e r in g  th e  re la tiv e  p e rm itt iv i t ie s  w ere m acroscop ic  p ro p ertie s .

Table I

Static relative perm ittivities o f alkali chloride 
solutions as a function of concentration

E lec tro ly te C  (m o l d m -3 ) e  (ex trap o la te d ) id  [E q- (3)]

0.5 69.98 73.67

1.0 63.38 67.15

1.5 58.42 61.59

NaCl 2.0 53.91 56.87

3.0 45.40 49.25

4.0 39.28 43.31

0.5 71.09 74.03

1.0 66.01 68.02

1.5 61.45 62.98

KC1 2.0 57.26 58.75

3.0 48.92 52.06

4.0 43.24 47.02

0.5 70.85 74.15

1.0 65.70 68.32

RbCl 1.5 62.30 63.45

2.0 57.80 59.39

3.0 50.40 53.03

0.5 71.60 74.42

1.0 67.0 68.99

CsCl 1.5 63.3 64.51

2.0 59.2 60.82

3.0 52.0 55.18
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T he s ta tic  re la tiv e  p e rm ittiv ity  o f  th e  p u re  w a te r a t  298 К  is 78.36. 
T h e  re la tiv e  p e rm itt iv i ty  o f  th e  w a te r  is d ecreased  b y  th e  e lec tro ly te s  v ia  th e  
s tro n g  local fie ld  o f  th e  ions; th e  c o n c e n tra tio n  is h igher th e  decrease  is s tro n g er.

E q . (3) p red ic ts  th is  decrease, m o reo v er, fo r alkali n itra te s  n e a r ly  ex ac tly  
rep roduces th e  e x p e rim e n ta l d a ta . T h e  e ffec t o f  th e  d ifference b e tw e e n  e and  
ed o n  th e  a c tiv ity  coeffic ien ts is s tu d ied  in  th e  n e x t section .

Table II

Static relative perm ittivities o f  alkali nitrate solutions 
as a function o f  concentration

E le c tro ly te C (m ol d m -8 ) e  (ex trap o la te d ) 'd  [Eq- (3)]

0 .5 6 9 . 7 7 7 3 . 1 0

1 . 0 6 4 . 3 6 6 6 . 7 5

1 .5 6 0 . 0 2 6 1 .6 1

NaN03 2 .0 5 5 . 9 5 5 7 . 3 8

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

4 . 0 4 4 . 5 0 4 5 . 7 8

0 . 5 7 1 . 0 5 7 3 . 5 7

1 .0 6 7 . 7 0 6 7 .9 1

K N 03 1 .5 6 4 . 5 3 6 3 . 5 0

2 .0 6 1 . 7 5 6 0 . 0 2

0 . 5 7 2 . 0 0 7 3 . 7 3

RbNOa 1 .0 6 8 . 2 5 6 8 .3 1

1 .5 6 5 . 5 0 6 4 . 1 5

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

CsN03 1 .0 6 8 . 7 5 6 9 . 2 0

3. Activity coefficients of strong electrolytes in concentrated solutions

T he m ean  a c tiv i ty  coefficients can  be  ca lcu la ted  b y  E q . (1). I n  th is  
e q u a tio n  r° an d  M  a re  p a ram e te rs  c h a ra c te r is tic  for th e  la ttic e  ty p e . F o r  a lka li 
ch lo rides th e  d a ta  g iven  b y  R u f f  w ere a d o p te d , nam ely : r° =  10.24 Á , M  =  
=  1.763. f a can  be ca lcu la ted  b y  E q . (2) u sing  th e  rad ii given b y  G o u r a r y  and  
A d r ia n  [9]. H ow ever, in  th e  p resen t ca lcu la tio n s an o th e r m e th o d  is ap p lied , 
n am ely , f a is c a lcu la ted  b y  E q . (3) u sing  th e  exp erim en ta l s ta t ic  re la tiv e  
p e rm ittiv itie s . T he tw o  m ethods give s im ila r f a values. T he re su lts  fo r a lkali 
ch lo rides a re  g iven in  T ab le  I I I .  In  th e  T ab le  th e  exp erim en ta l a c t iv i ty  coeffi-
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Table Ш

M ean activ ity  coefficients o f alkali chlorides as a 
fun ction  o f concentration, at 298 К

E le c tr o ly te C (mol dm-3) V (obs.) у  ( c a lc .) у  ( R u f f )

0.5 0.680 0.682 0.634

1.0 0.658 0.654 0.592

1.5 0.660 0.641 0.577

NaCl 2.0 0.675 0.647 0.575

3.0 0.730 0.740 0.589

4.0 0.815 0.851 0.620

0.5 0.648 0.663 0.631

1.0 0.600 0.607 0.582

1.5 0.583 0.579 0.558

KC1 2.0 0.572 0.568 0.543

3.0 0.570 0.599 0.525

4.0 0.584 0.623 0.510

0.5 0.600 0.667 0.631

1.0 0.545 0.611 0.579

RbCl 1.5 0.510 0.567 0.552

2.0 0.480 0.558 0.534

3.0 0.475 0.559 0.508

0.5 0.600 0.656 0.629

1.0 0.536 0.593 0.573

CsCl 1.5 0.510 0.554 0.541

2.0 0.483 0.537 0.517

3.0 0.475 0.526 0.478

c ie n ts  a n d  th e  d a ta  c a lc u la ted  b y  E qs (1) —(3) c a n  also  be seen. T he ag reem en t 
w ith  t h e  experim ents fo r N aC l an d  KC1 is b e t te r  i f  experim en ta l re la tiv e  
p e rm it t iv i t ie s  are used , w h ile  fo r RbCl an d  CsCl E q . (3) gives b e tte r  re su lts . 
H o w e v e r , i t  m ust be em p h asized  th a t  th e  a g re e m e n t w ith  ex p erim en ts  is 
s a t is f a c to ry  in  b o th  o f  th e  cases w hich c lea rly  show s th e  ap p licab ility  o f  th e  
l a t t i c e  m odel.

T h e  a lkali n itra te s  h a v e  a la ttic e  ty p e  d iffe ren t from  th a t  o f  a lk a li 
c h lo r id e s . F o r alkali n i t r a te s  r° =  9.5 Á a n d  M  =  2.2 a re  used follow ing th e  
r e s u l ts  o f  J e n k in s  an d  W a d d in g t o n  [11] fo r so lid  s ta te  n itra te s . T h e  re su lts  
o f  t h e  ca lcu la tions to g e th e r  w ith  th e  e x p e rim en ta l d a ta  [10] are  g iven in  T ab le  
IV . T h e  ag reem en t w ith  th e  ex p erim en ts  is sa tis fa c to ry . T he average difference-
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Tabic IV

M ean activity coefficient? o f  alkali nitrates as a 
function o f  concentration, at 293 К

Electrolyte C (mol dm -8) у  (obe.) у (calc.)

0.5 0.615 0.577
1.0 0.540 0.506
1.5 0.505 0.464

N a N 0 3 2.0 0.480 0.440
3.0 0.440 v 0.401
4.0 0.415 0.382

0.5 0.540 0.559
1.0 0.435 0.471

K N 0 3 1.5 0.365 0.418
2.0 0.315 0.381

0.5 0.530 0.548
R b N 0 3 1.0 0.420 0.465

1.5 0.350 0.412

0.5 0.521 0.547
C sN 03 1.0 0.410 0.462

b e tw een  th e  m easu red  a n d  ca lcu la ted  d a ta  is 8%  (sm allest fo r 0.5 m ol d m -3 
K N O :i: —3.4%  la rg es t for 2 mol d m * 3 K N 0 3: —20.9% ).

T h e  ag reem en t w ith  th e  ex p erim en ts  as well as th e  fa c t t h a t  th e  a lkali 
ch lo rides an d  n itra te s  h a v e  la ttic e  p a ra m e te rs  (r° and  M )  d iffe re n t fro m  each 
o th e r b u t  th ese  p a ra m e te rs  in  b o th  cases a re  n e a r  to  those o f th e  co rrespond ing  
solid c ry s ta ls  in d ica te  t h a t  th e  c o n c e n tra ted  e lec tro ly te  so lu tion  h as  a la ttic e  
s tru c tu re  sim ilar to  th a t  o f th e  solid phase . (T he ions in  th e  so lu tio n  “ rem e m b e r” 
th e  la t t ic e  s tru c tu re  o f  th e  c ry s ta l.)  O f course  th e  la ttic e  s tru c tu re  o f  an  elec tro 
ly te  so lu tio n  can n o t b e  e x a c tly  th e  sam e as t h a t  o f th e  co rresp o n d in g  c ry sta l. 
T he th e rm a l m otion  h as  p e r tu rb a tio n  effects, a n  e lec tro ly te  so lu tio n  c a n n o t be 
considered  as a “ re g u la rly  ex p an d ed  la t t ic e ” , how ever, th e  s im ila r ity  of 
la ttic e s  is a rem ark ab le  experience.

I f  an  e lec tro ly te  so lu tio n  rea lly  has a la ttice -lik e  s tru c tu re  a n d  its  s tru c 
tu re  (because  o f th e  th e rm a l m o tion  or on th e  account o f o th e r  effects) is 
d iffe ren t from  th e  s tru c tu re  of th e  co rresp o n d in g  solid c ry sta l, th e n  r° a n d  M  
can  be  dete rm in ed  fro m  ex p erim en ta l a c t iv i ty  coefficients a n d  th e  la ttic e  
m odel can  be  th e  basis o f  an  e x tra p o la tio n  m eth o d . F rom  e x p e rim e n ta l a c tiv 
i ty  coeffficien ts (using ex p erim en ta l s ta tic  re la tiv e  p e rm ittiv itie s )  r° an d  M
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Concentration [mol dm'3]
F ig. 2. M ean activity coefficients o f  alkali chlorides as a fun ction  of concentration

Concentration (mol dm'3]
F ig . 3. Mean activ ity  coefficien ts o f alkali nitrates as a function  of concentration
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w ere d e te rm in ed  fo r th e  in v e s tig a te d  e lec tro ly tes  a n d  th e se  d a ta  w ere in se rted  
in to  E q . (1) to  c a lc u la te  a c t iv i ty  coefficients. T h e  re su lts  a re  given in  F igs 2 
a n d  3. The e x p e rim e n ta l a n d  ca lcu la ted  a c tiv i ty  coeffic ien ts p ra c tic a lly  a re  
th e  sam e (th e  av erag e  d e v ia tio n  is —2% ). C o n seq u en tly , th e  la ttic e  m odel an d  
th e  R u ff ’s eq u a tio n  b ased  on th is  m odel can  be  u sed  as a precise e x tra p o la tio n  
m e th o d  for th e  ca lcu la tio n s  o f  th e  a c tiv ity  coeffic ien ts  o f  s tro n g  e lec tro ly tes 
in  co n cen tra ted  so lu tions.
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The adsorption and reactiv ity  o f acetonitrile have been studied  in  d ilute aqueous 
solutions (c <  10 _ 2 M ), in  1 M  I12S 0 4 supporting electrolyte, on a p latin ized  platinum  
electrode by a tracer technique and polarization m ethods. I t  has been  found th at at 
the low concentrations studied acetonitrile is reduced prim arily to aceta ldehyd e through  
acetim ine as interm ediate in  a relatively w ide potentia l range (0 — 200 mV vs. H E). 
Under certain conditions ethane m ay also be formed from  acetaldehyde. As these  
phenom ena prevent, in  part, the application of direct adsorption techniques, the  
adsorption o f aceton itrile  was measured by indirect technique b y  investigatin g  the 
adsorption of labelled Cl-  ions. I t  has been found th a t in the system  investiga ted  the 
adsorption of aceton itrile  cannot be regarded unam biguously as irreversible, and there 
are presum ably tw o adsorption processes, one reversible and one irreversible.

T he e lec tro so rp tio n  o f  ace to n itrile  a n d  o th e r  sim ple  n itr ile s  o n  b rig h t 
p la t in u m  electrodes in  ac id ic , aqueous m ed iu m  w as in v e s tig a te d  in  d e ta il by  
A n g e r st e in — K ozlow ska , MacD ougall an d  Conw ay  [ 1 —3]. I t  h as  been 
fo u n d  th a t  —

a) A ce to n itrile  a n d  som e sim ple n itr ile s  a re  chem iso rbed  on  p la tin u m  
e lec tro d es, and  th e  ad so rb e d  m olecules fo rm  a rev e rsib le  re d o x  sy s te m  on  th e  
su rface  o f  th e  e lec tro d e .

b) T he ad so rb ed  n itr ile s  suppress th e  ch em iso rp tio n  o f  h y d ro g e n  to  a 
c e r ta in  e x te n t, b u t  ev en  in  th e  case o f co m p le te  coverage  w ith  n itrile s  th e  
ch em iso rp tio n  o f h y d ro g e n  is possible.

c) I f  th e  a d so rp tio n  o f  n itrile s  ta k e s  p lace  in  th e  p o te n tia l  ra n g e  corre
sp o n d in g  to  th e  a d so rp tio n  o f  hyd rogen , n o t to o  fa r  from  th e  eq u ilib r iu m  hy 
d ro g en  p o ten tia l, a re p la c e m e n t o f ad so rbed  h y d ro g en  can  b e  o b se rv ed  to g e th e r 
w ith  a  co rrespond ing  t r a n s ie n t  anodic  e lec tro so rp tio n  process.

T he o b se rv a tio n s  m a y  p la y  an  im p o r ta n t  ro le in  th e  in te rp re ta t io n  of 
th e  e lec tro so rp tio n  p ro p e rtie s  o f o rgan ic  com pounds. I t  a p p e a rs  there fo re  
ju s tif ie d  to  gain  in fo rm a tio n  on th e  e lec tro so rp tio n  o f n itrile s , p r im a r ily  aceto 
n itr i le , on p la tin ized  p la t in u m  electrode as w ell, w ith  th e  a p p lic a tio n  o f  tra c e r  
tech n iq u es .

O n th e  basis o f  p rev io u s experience [ 4 —8], th e re  a re  tw o  w ays o f th e  
a p p lic a tio n  o f tra c e r  te c h n iq u e s  in  a d so rp tio n  s tu d ies:
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1) T h e  com pound to  b e  in v e s tig a te d  is lab e lled , e.g. ace to n itrile  w ith  
14C, a n d  i ts  adsorp tion  is fo llo w ed  d irec tly  (d irec t a d so rp tio n  m eth o d ). T his 
m e th o d  h a s  been applied  to  s e v e ra l organic co m p o u n d s [4 —8].

2) T h e  changes in  th e  a d so rp tio n  of a re v e rs ib ly  ad so rb ed  labe lled  com 
p o u n d  o r io n  are  m on ito red  in  t h e  presence o f th e  co m p o u n d  to  be in v e s tig a te d , 
a n d  f ro m  th ese  changes co n c lu sio n s are  d raw n  on  th e  ad so rp tio n  processes 
s tu d ie d . T h is  w ay appears to  b e  p a r tic u la rly  a d v a n ta g e o u s  in  th e  case o f  ir re 
v e rs ib ly  ad so rb ed  co m p o u n d s, s in ce  th e n  e.g. from  th e  decrease in  th e  ad so rp 
tio n  o f  rev e rs ib ly  adso rbed  la b e lle d  com ponen t — as d iscussed  in  one o f  o u r 
p re v io u s  p ap ers  [8] — th e  e x te n t  o f  chem iso rp tion  can  b e  derived  re la tiv e ly  
ea s ily . I t  is a doubtless a d v a n ta g e  o f th is m e th o d , w h ich  com pensates to  a  
c e r ta in  e x te n t  for th e  d is a d v a n ta g e s  o f in d irec t m e asu rem en ts , th a t  th e  com 
p o u n d  to  be  stud ied  can  b e  a p p lie d  in any  c o n c e n tra tio n , in  c o n tra s t  w ith  
th e  d ir e c t  m ethods in  w h ich  th e  co n cen tra tio n  o f  th e  lab e lled  com pound  m a y  
n o t  e x c e e d  a certa in  lim it b e c a u se  o f techn ica l d ifficu lties.

F o r  th e  in v estig a tio n  o f  th e  adso rp tio n  o f a c e to n itr ile  b o th  tech n iq u es  
w ere  a p p lie d . In  th e  in d ire c t m e th o d , th e  a d so rp tio n  o f Cl~ ions was in v e s tig a t
ed  in  th e  presence o f n o n -la b e lle d  ace ton itrile . B esides th e  in v e s tig a tio n  of 
a d s o rp tio n , i t  also p ro v ed  to  b e  necessary  to  s tu d y  som e problem s co n n ec ted  
w ith  t h e  reduc tion  o f a c e to n itr i le .
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Experimental

T h e m ethods of m easurem ent and  the application of the tracer technique were described  
in  our previous papers [4 — 9]. For th e  measurem ents 14C labelled  acetonitrile o f 7 — 11x10®  
B q /m m o l specific activity and 36C1 labelled HC1 of 3.7 X lO 6 B q/m m ol activ ity  were used. 
T he su pp orting  electrolyte w as 1 M  HC104. The electrode potentia ls were m easured against 
a 1 a tm  hydrogen electrode im m ersed in to  the supporting e lectro lyte. The m ethod of polarization  
stu d ies connected  w ith the in v estig a tio n  of the reduction of non-labelled acetonitrile w as the  
sam e as applied in the reduction o f  o x o  compounds [10 — 12].

Results

A) Investiga tions with UC labelled acetonitrile

A t th e  re la tive ly  low  c o n cen tra tio n s  p e rm itte d  b y  th e  tra c e r  te c h n iq u e  
th e  a d so rp tio n  of a c e to n itr ile  p ro v e d  to  be v e ry  slow , an d  i t  w as h a rd  to  d e te r 
m in e  w h e n  th e  ad so rp tio n  p ro cess  te rm in a ted . T h is is i llu s tra te d  b y  F ig . 1 for 
v a r io u s  co ncen tra tions o f  la b e lle d  aceton itrile .

O n  in v estiga ting  th e  p o te n tia l  dependence o f  ad so rp tio n  a t  c o n s ta n t 
c o n c e n tra t io n  th e  curves sh o w n  in  Fig. 2 w ere o b ta in e d . L abelled  a c e to n itr ile  
w as in tro d u c e d  in to  th e  s y s te m  a t  300 mV, an d  a f te r  a long  se ttlin g  tim e  th e  
p o te n t ia ls  were held fo r 20 —40 m in  (curve 1). A fte r  reach in g  1200 mV, th e
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Fig. 1. A ctiv ity  (ерш ) as a function of tim e in the adsorption of labelled acetonitrile at 600 mV 
at concentrations o f 2 .5 X 10 -4 m ol/dm 3 (1) and 1 .5 X 1 0~ 3 m ol/dm 3 (2)

Fig. 2. The potential dependence of adsorbed am ount when proceeding in the direction o f  
increasing (1) and descreasing (2) potentials, сдм 8 x  10-4  m ol/dm 3

p o te n tia l d ependence  w as also m easured  in  th e  d irec tion  o f  decreasing  p o te n 
tia ls  (cu rve  2).

As can  be seen from  th e  cu rves, th e re  is a su b s ta n tia l h y s te res is , w hich 
can  be ex p la in ed  a t  le a s t in  p a r t  (in th e  7 0 0 —1200 mV p o te n tia l range) b y  
th e  g rad u a l fo rm a tio n  o f  an  ox ide lay e r ab o v e  800 mV, an d  b y  th e  irrev e rs i
b ility  o f  th e  re d u c tio n  o f  th is  lay e r. I t  is, how ever, n o t co m p le te ly  clear w hy  
th e  tw o  curves do n o t coincide in  th e  300 —500 mV range. A bove 1000 mV 
th e  possib le  o x id a tiv e  d eso rp tio n  o f chem isorbed  a ce to n itrile  m ay  also p la y  a 
ro le. H ow ever, a s te a d y  o x id a tio n  process could  n o t be o b serv ed  a t  th ese  
p o te n tia ls  even fo r h igh  ace to n itrile  c o n cen tra tio n s , an d  th u s  th is  h y ste resis
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F ig. 3 . Current measured in  the red u ctio n  of 6 x  10 - '1 m ol o f  acetonitrile at constant potentia l 
(50 mV) as a fun ction  o f  the charge passing through the system

c a n n o t  b e  in te rp re ted  b y  a d ec rease  in  th e  c o n c e n tra tio n  o f ace to n itrile . A t 
p o te n t ia ls  low er th a n  200 m V  th e  decrease in  a d so rp tio n  can  be  tra c e d  b a c k  
to  t h e  re d u c tio n  of a c e to n itr ile . T herefo re , in  o rd e r to  d e te rm in e  th e  p o te n tia l  
r e g io n  in  w hich  th e  re d u c tio n  o f  a ce to n itrile  on p la tin iz e d  p la tin u m  electrodes 
sh o u ld  b e  tak en  in to  a c c o u n t, se p a ra te  ex p erim en ts  w ere carried  o u t. As 
k n o w n , in  th e  aqueous so lu tio n s  o f  n itriles i t  is d ifficu lt to  p rep a re  th e  co rre 
s p o n d in g  p rim ary  am ines, s in ce  th e  iinines fo rm ed  as in te rm e d ia te s  re la tiv e ly  
e a s ily  u n d e rg o  hydro lysis, a n d  th e  re su ltin g  a ld eh y d e  form s a Schiff base 
w i th  t h e  am ine  form ed in  th e  fu r th e r  red u c tio n  o f th e  im ine . F u r th e rm o re , th e  
r e d u c t io n  o f  Schiff bases y ie ld s  seco n d ary  am ines. T herefo re , our m ain  concern  
w as t o  f in d  th e  reactions t h a t  m a y  be re le v a n t a t  v e ry  low , 1(V 3—10~4 m ol/1 
a c e to n i t r i le  concen tra tions. F i r s t  w e in v es tig a ted  th e  ch arg e  req u ired  fo r th e  
c o m p le te  tran sfo rm atio n  o f  a g iv en  a m o u n t o f ace to n itrile  a t  th e  g iven  p o te n 
t ia l ,  o f  cou rse  w ith  th e  p ro v is io n  th a t  th e  in itia l ace to n itrile  c o n c e n tra tio n  is 
s m a ll  as g iven above. A p lo t  o f th e  red u c tio n  c u rre n t observed  a t  a g iven  
p o te n t ia l  against th e  ch a rg e  p assin g  th e  sy s tem  p roduces th e  s tra ig h t  line 
s h o w n  in  F ig . 3. Owing to  th e  low  c o n cen tra tio n , th e re  is, ev id en tly , a d iffusion  
l im i t  a n d  th erefo re  th e  d ec rea se  in  th e  charge passing  th ro u g h  th e  sy s tem , i.e. 
th e  d ec rea s in g  am o u n t o r  c o n c e n tra tio n  o f a c e to n itr ile , invo lves a lin ea r  
d e c re a s e  in  cu rren t. On th e  o th e r  h an d , i t  w as su rp ris in g  th a t  th e  re a c tio n  
p r a c t ic a l ly  te rm in a ted  a f te r  a re d u c tio n  co rresp o n d in g  to  th e  u p ta k e  o f  2 
e le c tro n s .  This m eans t h a t  th e  red u c tio n  p roceeded  to  th e  im ine s tag e  on ly . 
I t  w a s  fo u n d  b y  ana lyz ing  th e  so lu tio n  an d  th e  argon  gas passed  th ro u g h  th e  
s o lu t io n  th a t  a no ticeab le  a m o u n t of ace ta ld eh y d e  h a d  fo rm ed . T his o b se rv a 
t io n  is in  h arm o n y  w ith  th e  a b o v e  m en tio n ed  e x p e rim e n ta l fa c t w hich  suggests 
t h a t  im in e  is form ed ex c lu s iv e ly .
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A ccord ingly , th e  fo rm ation  o f  a c e ta ld e h y d e  is due to  th e  re a c tio n

C H 3- C N  +  2 H +  +  2e — C H 3-  C IT = N H  (1)

C H 3—C H = N II  +  H 30 + — C H 3CIIO  4  N11+ (2)

T h e  fa c t th a t  th e  o vera ll reac tion , u n d e r  th e s e  conditions, co rresp o n d s to  th e  
u p ta k e  o f tw o e lec tro n s only, can  h e  e x p la in e d  b y  assum ing th a t  th e  r a te  of 
th e  reac tio n

C H 3 C H = N H  - f  2 H +  4- 2e — C H 3 CH3 -N H 2 (3)

co m p e tin g  w ith  re a c tio n  (2) is sm all in  co m p ariso n  w ith  reac tio n  (2 ).
T herefore th e  reac tions

C H 3 C H 2—  N H 2 +  O H C C H 3 -*  C H 3- C H 2 N = C H ~ C H 3 (4) 

С Н 3- С Н 8-  N = C H  -C II3 4- 2 11+ +  2e ->  C H 3 CH2 N H - C H 2- C H 3

(5)

w hich  w ould y ie ld  seco n d ary  am ine, a re  a lso  suppressed . Of course, i t  m u s t be 
s tressed  th a t  th e  e lec tro d e  p o ten tia l h a s  a s ig n if ican t role in  d e te rm in in g  th e  
p ro d u c t d is tr ib u tio n , since, w hereas re a c tio n  (2 ) is in d ependen t o f  th e  e lec tro d e  
p o te n tia l, th e  ra te s  o f  reactions (3) a n d  (1) d e p e n d  on it ,  and  th u s  th e  re la tiv e  
ra te s  o f  p a rtia l p rocesses and  th e re fo re  th e  p ro d u c t d is trib u tio n  c a n  b e  in f lu 
enced  th ro u g h  th e  e lec trode  p o te n tia l. T h is p o in t was no t s tu d ie d  in  d e ta il, 
since o u r concern  w as to  p o in t o u t t h a t  th e  in v e s tig a tio n  of a c e to n itr ile  a d so rp 
tio n  on  p la tin ized  p la tin u m  electrodes is d is tu rb e d  in  a wide p o te n tia l  reg ion  
b y  red u c tio n  p rocesses, an d  th a t  a c e ta ld e h y d e  appears am ong th e  re a c tio n  
p ro d u c ts . In  th e  ap p lic a tio n  of a tra c e r  te c h n iq u e  th e  presence o f  a c e ta ld e h y d e  
causes several com p lica tio n s, since 14C la b e lled  ace ton itrile  is t ra n s fo rm e d  
in to  14C labelled  ace ta ld eh y d e . T he ch e m iso rp tio n  o f ace ta ld eh y d e  is b y  no  
m ean s negligible, a n d  th u s  th e  resu lts  o b ta in e d  b y  th e  trace r  te c h n iq u e  w ill be 
am b ig u o u s, since th e y  re fer only to  th e  to ta l  a m o u n t of 14C labe lled  ad so rb e d  
m olecules. T he fo rm a tio n  o f labelled  am in es, a lone , would no t cau se  d ifficu l
tie s , since  u n d e r th e  g iven  ex p erim en ta l co n d itio n s  th e  adso rp tio n  o f  am ines 
is in s ig n ifican t o v er a b ro ad  p o te n tia l ra n g e . T h is was proved s e p a ra te ly  b y  
in v e s tig a tin g  th e  a d so rp tio n  of labelled  e th y la m in e . In  add ition , fu r th e r  e le c tro 
chem ical reac tio n s o f  ace ta ld eh y d e  m u s t  a lso  be  ta k e n  in to  c o n s id e ra tio n , 
a lth o u g h  th e  ra te s  o f  th e se  reactions m a y  e v id e n tly  be no t to o  h ig h , since 
o therw ise  th e y  shou ld  h av e  s ig n ifican tly  m o d ified  th e  ex p e rim en ta lly  d e te r 
m ined  n u m b er o f  e lec tro n s , abou t tw o , re q u ire d  fo r th e  redu c tio n  o f  o n e  m ole
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o f a c e to n itr i le . As we h a v e  show n in  our p rev io u s p a p e rs  [11, 13], th e  fo llow ing 
re a c tio n s  m a y  ta k e  p lace:

4 H +  +  4e

C H 3— C H O —
2 H +  +  2e

C H 3— C H 3 +  H 20  

C H 3 - C H 2O H

T h e  fo rm a tio n  o f  e th a n e  can , indeed , h e  d e te c te d  during re d u c tio n  in  a 
c lo sed  sy s te m  a t  re la tiv e ly  h ig h  aceto n itrile  c o n c e n tra tio n s , and  th e re fo re  th e re  
m a y  b e  n o  d o u b t co n cern in g  th e  re a lity  o f th e  o v e ra ll process

C H 3CN +  7 H +  +  6e — C H 3- C H 3 +  N H +

T h e  r e s u l t  o f  such  e x p e rim e n ts  are  show n in  F ig . 4 . O n app ly ing  m u c h  h ig h e r 
in i t ia l  a c e to n itr ile  co n c e n tra tio n s  th e n  ab o v e , in te n se  gas ev o lu tio n  c a n  be  
o b se rv e d  in  th e  f in a l s tag e  o f  th e  com plete  re d u c tio n . A ccording to  th e  gas 
c h ro m a to g ra p h ic  an a ly sis  o f  th e  p ro d u c t, th e  gas consists p re d o m in a n tly  o f 
e th a n e , i.e. a c e to n itr ile  is re a lly  tran sfo rm ed  in to  e th an e . I t  is o b v io u s from  
th e  a b o v e  th a t  th e  a c e ta ld eh y d e  in te rm ed ia te , e n r ic h e d  in  the  reac tio n  m ed iu m , 
w as re d u c e d . O f course, in  ad d itio n  to  e th a n e , e th a n o l m ay also b e  e x p e c te d  
to  fo rm . T he co m p le te  process can  be c h a ra c te r iz e d  b y  th e  follow ing schem e:

S o lu tion S urface

[C H 3C N ] 0 — [C H 3C N ]a
I

C H 3 C H = N H  4—
Y

C II3— C H = N II

| h s+ o

C H 3CH O  +  NH+ [C H 3C H O ]a —

1

[C H 3- C H 3] +— [C H 3— C H 3]a

C H 3—C H 2O H [C H 3 C H 2OH]

F in a lly , on  th e  basis o f  th e  po la riza tio n  cu rv e  o f  ace to n itrile  one can  e s tim a te  
th e  p o te n tia l  ran g e  over w h ich  th e  a d so rp tio n  o f  ace ton itrile  c a n n o t b e  s tu d ie d  
o w ing  to  th e  fo rm a tio n  a n d  in terference  o f  re d u c tio n  p roducts. A  p o la r iz a tio n  
c u rv e  m easu red  a t  n o t to o  low  c o n cen tra tio n s  can  be seen in  F ig . 5. I n  a 
log  i  vs. E  p lo t a s tra ig h t  lin e  is o b ta in ed  w ith  a slo p e  o f ca. 1/60 m V -1 . T h e  slope
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\>
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Fig. 4. R eduction current (1) and the volum e o f  gas evolved (2) as a function  o f  the charge 
passing through the system , in the reduction o f  3.8 X  10 -3  mol o f acetonitrile in  a closed system  

at 50 mV (the dashed line denotes the charge corresponding to the reaction  
CH3 - C N  — CH3CH =  N H ) * ; ,

Fig. 5. The polarization curve o f aceton itrile (c =  5 x  10 ~ 2 m ol/dm 3)

o f  th e  p o la riza tio n  cu rve  suggests t h a t  th e  ra te -d e te rm in in g  s tep  o f  re d u c tio n  
is p re su m ab ly  a re a c tio n  betw een  ad so rb ed  ace to n itrile  and  a d so rb ed  h y d ro g en  
a to m s.

T h e  p o la riza tio n  m easu rem en ts  show  t h a t  in  th e  in v es tig a tio n  o f  a d so rp 
tio n  th e  in te rfe ren ce  o f th e  red u c tio n  p ro d u c ts  o f ace ton itrile  becom es neglig ib le 
o n ly  a b o v e  200 mV.
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A t th is  p o in t i t  w as a  fu n d a m e n ta l q u es tio n  w h e th e r th e re  is, in d eed , a 
re v e rs ib le  ad so rp tio n  o f a c e to n itr ile  a t  th e  p o te n tia ls  corresponding to  th e  
d o u b le - la y e r  sec tion  o f  th e  ch a rg e  curves, as su g g ested  b y  th e  references c ited  
a b o v e .

B y  in v es tig a tin g  th e  m o b ility  of ad so rb ed  m olecules we have  conc luded  
t h a t  th e  ad so rp tio n  o f  a c e to n itr ile  can n o t be  re g a rd e d  unam b ig u o u sly  as 
ir re v e rs ib le  process. T his is su p p o rted  b y  th e  e x p e rim e n ta l resu lts  on  th e  
e x c h a n g e  betw een  a d so rb ed , labelled  and  d isso lv ed , non-labelled  a c e to n itr ile  
m o lecu les . A fte r th e  a d so rp tio n  o f labelled  a c e to n itr ile , we ad d ed  a la rge  excess 
o f  n o n -lab e lled  a ce to n itr ile  to  th e  system , a n d  o bserved  a decrease in  th e  
r a d io a c t iv i ty  o f th e  a d so rp tio n  lay e r, in d ica tin g  t h a t  a  p a r t  of labelled , a d so rb 
ed  a c e to n itr ile  w as rep laced  on  th e  e lec tro d e  su rface  (Fig. 6). H o w ev er,
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F ig . 6. E xchange of labelled adsorbed acetonitrile w ith  non-labelled acetonitrile added to  
th e  so lu tion  at the point m arked w ith  the arrow. E  — 400 m V. (In itial concentration 4X  10 ~ 3,

final concentration lX  1 0 -1  m ol/d m 3)

d e p e n d in g  on th e  co n d itio n s, on ly  som e fra c tio n  o f  th e  adsorbed  su b s ta n c e  
w as  o b se rv ed  to  leav e  th e  su rface  a t  an  a p p re c ia b le  ra te .

T h e  above re su lts  show  th a t  —
1) T h e  a d so rp tio n  p rocess is n o t co m p le te ly  irreversib le .
2) I n  a re la tiv e ly  w ide p o te n tia l ran g e  a  s te a d y  red u c tio n  process o ccu rs, 

w h ich  re s tr ic ts  th e  p ossib ilities  fo r s tu d y in g  th e  b eh av io u r o f chem iso rbed  
m o lecu les , an d  th e  co m p ariso n  of th e  re su lts  to  th o se  o b ta ined  w ith  a b r ig h t  
p la t in u m  electrode.

O ne m u st also ta k e  in to  accoun t t h a t  a t  th e  concen tra tions ap p lied  in  
d ir e c t  tr a c e r  m e th o d s  th e  a d so rp tio n  ra te  o f a c e to n itr ile  is low, and  i t  c a n n o t 
b e  d e te rm in e d  safe ly  w h e th e r  equ ilib rium  o r a s te a d y  s ta te  has been re a c h e d .
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W ith  th e  in d ire c t ad so rp tio n  te c h n iq u e  th is  d ifficu lty  can  be  e lim in a ted  
to  a ce rta in  e x te n t ow ing  to  th e  h ig h e r a c e to n itr ile  co n cen tra tio n s ap p licab le .

B) Indirect tracer measurements

In  th e  in d ire c t tra c e r  m e th o d , lab e lled  Cl~ ions w ere u sed , a n d  th e  
a d so rp tio n  o f th e se  ion s was in v e s tig a te d  a f te r  th e  a d so rp tio n  o f  no n -lab e lled  
ace to n itrile . In  th e  f i r s t  stage  o f th e  e x p e rim e n t th e  e lectrode w as c o n ta c te d  
w ith  an  ace to n itrile  so lu tio n  o f g iven  c o n c e n tra tio n  (1 0 -3  to  10 -1  m o l/d m 3) 
a t  a  c o n s tan t p o te n tia l  (e.g. 400 mV) for 2 —2.5 h o u rs . T hen , a v e ry  d ilu te  
so lu tio n  (10~4 m o l/d m 3) o f labelled  ch lo rid e  ions w as ad d ed  to  th e  sy s tem , 
a n d  th e  a c tiv ity  o f  a d so rb ed  ch loride ions w as m easu red  (in cpm ) as a  fu n c tio n  
o f  tim e . A fter re a c h in g  th e  eq u ilib riu m  or s te a d y  s ta te  th e  p o te n tia l o f  th e

F ig. 7. The adsorption o f C l-  ions in the presence of acetonitrile. Labelled chloride ions were 
added to the system  at the point marked w ith  the arrow. c q — =  1 0 -1 ; сАм =  6 x l 0 - 3  ( 1  )

and 3 x l 0 _ 2 (2) m ol/dm 3

elec tro d e  was re se t to  a n o th e r va lue , an d  th e  changes in  th e  a d so rp tio n  o f  
ch lo rid e  ions w ere m easu red  again . T h e  re su lts  o f  th e se  experim en ts are  show n 
in  F ig . 7.

T he p o te n tia l dependence  o f th e  a d so rp tio n  o f  ch lo ride  ions fo r v a rio u s  
a c e to n itr ile  co n c e n tra tio n s  is show n in  F ig . 8.

T he firs t im p o r ta n t  conclusion d raw n  fro m  th e se  re su lts  is th a t  th e  a d so rp 
t io n  o f  chloride ions a t  c o n s ta n t p o te n tia l dep en d s on  th e  c o n cen tra tio n  o f 
ace to n itrile . I t  th e  a d so rp tio n  of a c e to n itr ile  w ere  irreversib le , as sugg ested  
b y  th e  resu lts  p e r ta in in g  to  a b rig h t p la tin u m  e lec tro d e  [1 —3], th is  p h en o m e
non  w ould obv iously  n o t  occur.

I t  is also im p o r ta n t  th a t  th e  a d so rp tio n  o f  Cl~ ions increases m ono ton i- 
ca lly  w ith  th e  p o te n tia l  a t  all a c e to n itr ile  c o n c e n tra tio n s , w hich is a lso  in  
c o n tra d ic tio n  w ith  th e  assu m p tio n  th a t  th e re  is o n ly  a chem isorbed  aceto -
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F ig . 8 . T he potential dependence o f the adsorption of Cl-  ions at various concen trations'of  
I aceton itr ile , cq-  =  1 0 - 4 ; сAn  =  0 (1 ); 6 x  1 0 -3  (2 ); 3 X 1 0 ~ 2 (3 ); 3 X 1 0 ~ 11(4) m ol/dm 3 j?

F ig . 9 . T he effect of aceton itrile  on  the adsorption of labelled Cl-  ions at 500 mV. cq =  10 4 
сд]̂ | =  3 X 10 ~4 (1) and 2 X 1 0 -3  (2) m ol/dm 3

nitrile layer on the surface of the electrode which remains there in a broad 
potential range. Although in the cases investigated the concentration of aceto
nitrile was higher, sometimes by several orders, than that of the Cl-  ions, 
remarkable anion adsorption could be observed, particularly at potentials 
higher than 500 mV.

When Cl-  ions were adsorbed first at the given potential and then aceto
nitrile was added to the system in a concentration commensurable with that 
of Cl-  ions, the adsorption replacement of adsorbed Cl-  ions was very small, 
as illustrated in Fig. 9.
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Conclusions

The experimental results obtained for platinized platinum electrode can 
be brought into harmony with the relationships concerning bright platinum 
electrode, published in the literature, only if it is assumed that acetonitrile 
has at least two independent adsorption states. This assumption is not far- 
-fetched at all, if  one takes into account that the oxidation mechanism of 
simple organic compounds (e.g. alcohols) can be interpreted only by assuming 
different adsorption states. The formation of the two species may be illustrated 
by the following simple scheme:

[CH3C N ]0 —  [CH3C N ]‘

I-------------K C H 3CN]3

The adsorbed species denoted with superscript 2 is assumed to adsorb irrevers
ibly and to remain on the surface in a wide potential range. Its behaviour 
corresponds to the relationships found with bright platinum electrodes.

The adsorbed species denoted with superscript 1 can be regarded as 
mobile, and it is probably this species that plays a role in the stationary 
reduction reaction characterized by the equation

[C H :iC N ]i +  Ha -*• [C H 3C H = N -]a [CH3 —C H = N H ]a

Furthermore, it must be assumed that the two types of adsorption take 
place at different adsorption sites, and they are probably independent of one 
another.
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It is shown experim entally th a t in  strongly acidic m edia the brom ide sensitive  
electrode gives a response to hypobrom ous acid (or to B r+ ions) as w ell. I t  is rather 
probable that the potentia l oscillations o f the sam e electrode in the BZ reaction  can be 
explained in  this w ay. Theoretical d ifficu lties in the current theories o f  th e  BZ reaction  
caused by the different “jum p down” and “jum p up” critical concentrations o f bromide 
ions are also discussed.

In tro d u c tio n

Theory o f  Brom ide Controlled Oscillations

In  th e  cu rren t th eo rie s  of th e  w ell know n  B elousov — Z h a b o tin sk ii (BZ) 
re a c tio n  o f  m alonic ac id  th e  b rom ide  ion  p lay s a  ra th e r  im p o r ta n t  ro le  [1, 2]. 
T h e  u su a l e x p lan a tio n  o f  th e  o bserved  oscilla tions is b ased  o n  th e  following
sy s te m  o f chem ical p rocesses:

A) Ino rgan ic  re a c tio n s  [3]

H O B r +  B r -  +  H +  A u B r 2 + H 20  (R l)

H B r0 2 +  B r -  +  H +  A u 2 H O B r  (R2)

B rO j +  B r“  +  2 H +  A i*  H B r 0 2 +  H O B r [(R3)

2 H B r 0 2 -A *  BrO^- +  H O B r +  H + (R4)

B rO j +  H B r 0 2 +  H +  -A *  2 B r 0 2- +  H 20  (R5)

B r0 2- +  Ce3+ +  H +  H B r 0 2 +  Ce4+ (R6)
k~t

B r0 2- +  Ce<+ +  H 20  A v  BrO^- +  Ce3+ +  2 H + (R7)
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B ) B rom ination  o f  m a lo n ic  acid  by  B r2 or b y  H O B r [3]

B r2 - j -  MA — ► BrM A  +  B r ^  +  H +  (R 8)

H O B r  -f- MA — ► BrM A  +  H 20  (R 8a)

H e re  M A  an d  BrM A s ta n d  fo r  m alonic an d  b ro m o m alo n ic  acid , re sp ec tiv e ly .
C) B rom ide p ro d u c tio n  b y  Ce4+ and  o th e r  re a c tio n s  invo lv in g  o rgan ic  

s u b s t r a te s  [4]

Ce4 +  - f -  MA -f- B rM A  +  H 20  —*■ Ce3+ -f- F B r~  - j -  o th e r p ro d u c ts  (C)

P ro c e s s  “ C”  and  th e  so c a lle d  “ organic reac tio n  s u b s e t”  [5] is n o t k n o w n  in  
a ll d e ta ils  [4, 6], b u t  h e re  w e  a re  going to  dea l m a in ly  w ith  th e  ino rg an ic  
r e a c t io n  su b se t of “ A ” .

A ccord ing  to  d e ta ile d  ca lcu la tions [2], th e  a u to c a ta ly tic  o x id a tio n  o f 
Ce3+ b y  acidic b ro m a te  — (R 5 ) an d  (R6) — ca n  b e g in  exclusively  w hen  th e  
b ro m id e  concen tra tion  d e c re a ses  below a c ritica l v a lu e

[ B r - ]  down -  ^  [BrO;7] (1.1)
k 2

A t t h a t  m om ent, th e  s t a r t  o f  th e  a u to c a ta ly tic  a c c u m u la tio n  o f H B r 0 2 causes 
a  s u d d e n  fall o f th e  b ro m id e  co n cen tra tio n  b ecau se  o f  re a c tio n  (R 2) (“ ju m p  
d o w n ”  [7] or “ rap id  b ro m id e  consum ption  p e r io d ”  [3]). I n  th e  n e x t p h ase  
t h e  b ro m id e  co n cen tra tio n  is increasing  slow ly (“ slow  b rom ide  p ro d u c tio n  
p e r io d ”  [3]) because o f  p ro c e ss  “ C”  and reach in g  a n o th e r  c ritica l va lu e  [3]:

rB r --, ju m p  up =  M B r 0 3- ]  [H + ] {fce [Ce3+] [ H + ] [ G e 4+]} - f e _ e fev[Ce4+]3 
Cdt fe2[H +] {fe6[Ge3+] [H +] +  fc7[Ge4+]}

( 1.2)

i t  s to p s  th e  Ce4+ p ro d u c tio n . (A ctually  (1.1) is a  specia l case o f  (1 .2): if  
C e4+ Ce3+, th e n  E q . 1.2 sim plifies to  (1.1).)

A t th is  po in t a su d d e n  r is e  o f th e  brom ide c o n c e n tra tio n  ap p ears  (“ ju m p  
u p ”  [7] or “ rap id  b ro m id e  p ro d u c tio n  p e rio d ”  [3]) a n d  a new  cycle b eg in s .

T h a t  is, in  th e  c lassica l th e o rie s  th e  b ro m id e  io n  is a co n tro l in te rm e d ia te , 
th e  c o n c e n tra tio n  v a r ia tio n s  o f  w hich  can “ tu rn  o n ”  a n d  “ tu r n  o ff”  th e  a u to 
c a ta ly t ic  Ce4+ p ro d u c tio n . H o w ev er, re c e n tly  so m e  new  BZ system s w ere 
d is c o v e re d  w hich are  d if f ic u lt  [8, 9] or im possib le  [10] to  re g a rd  a s  b ro m id e  
c o n tro lle d  oscillators. T h u s  i t  seem ed  reasonable  to  re ex am in e  th e  ex p e rim en ta l 
f a c ts  a n d  th e ir  th e o re tic a l in te rp re ta t io n  su g g estin g  a decisive ro le  fo r th e  
b ro m id e  ion  in  th e  BZ r e a c t io n  o f  m alonic acid .
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F orm ula tion  o f  the P roblem : the Brom ide Sensitive  Electrode in  the B Z  Reaction

I t  w as Zhabotinskii [1] w ho f irs t o bserved  th a t  th e  p resence  o f  b rom ide 
ions cou ld  in h ib it th e  a u to c a ta ly tic  o x id a tio n  o f  Ce3+ b y  acid ic b ro m a te  b u t 
h e  h a d  n o t  p roved  e x p e rim e n ta lly  th e  p resence  o f  b rom ide ions in  th e  BZ 
re a c tio n . L a te r  on F ield , Kőrös a n d  N oyes (F K N ) [2] h av e  fo u n d  t h a t  th e  
p o te n tia l  o f a b rom ide  sen s itiv e  e lec trode  oscilla tes sy n ch ro n o u sly  w ith  th e  
re d o x  p o te n tia l o f th e  BZ sy stem . T heir re su lts  w ere in  ra th e r  good ag reem en t 
w ith  Zhabotinskh’s th e o re tic a l p red ic tio n s : w hen  th e  b rom ide  c o n c e n tra tio n  
w as h igh , th e  Ce4+ c o n c e n tra tio n  w as decreasing  ( th e  a u to c a ta ly tic  p rocess was 
“ sw itch ed  o ff” ) a n d  w h en  th e  brom ide c o n c e n tra tio n  w as low , th e  Ce4 + 
c o n c e n tra tio n  was in c reasin g  ( th e  a u to c a ta ly tic  process w as “ sw itc h e d  o n ” ). 
H o w ev er, one p rob lem  ap p e a re d  concern ing  th e  exp erim en ta l d a ta :  all th e  
m easu red  brom ide co n c e n tra tio n s  w ere cu rio u sly  low. E v en  th e  m ax im al 
v a lu es  w ere a ro u n d  ~ 1 0 “ e M ,  n o t  to  m en tio n  th e  m in im al va lu es  o f  1 0 “ 7 ill. 
Geiseler an d  Fölljner [11] follow ed th e  re a c tio n  o f  Ce3+ w ith  ac id ic  b ro m a te  
b y  a b ro m id e  sensitive  e lec tro d e  an d  th e y  could  m easure  still sm a lle r  b rom ide  
c o n c e n tra tio n s : b e tw een  10 “ 7 an d  10” 8 M  w hen  th e  reac tio n  w as o v e r. Before 
th e  s ta r t  o f  th e  re a c tio n , th e y  reco rded  a b ro m id e  co n cen tra tio n  o f  ~ 1 0 -6  M . 
I t  is kn o w n  [12] th a t  a b ro m id e  c o n cen tra tio n  o f 10“ 6 M  can  b e  m easu red  
b y  a b ro m id e  sen sitive  e lec tro d e  in  an  o rig inally  b rom ide-free so lu tio n  due  to  
th e  so lu b ility  p ro d u c t o f  A gB r K s =  7 x l 0 ~ 13 i l l 2 a t  25 °C [13]. F K N  [2] 
re p o r t  t h a t  “ In  s ta tic  sy stem s th e  e lec trode  d id  n o t respond  lin e a r ly  to  still 
low er b ro m id e  co n cen tra tio n s  ( th a t  is below  1 0 “ 6 ill) ;  how ever, i t  d id  ap p e a r 
to  b eh av e  ideally  d u rin g  sh o rt periods o f d ep le ted  b rom ide io n ” . I n  o th e r 
w ords, th e y  th in k  th a t  even  i f  th e  b rom ide sen sitiv e  e lectrode does n o t  b eh av e  
id ea lly , its  p o ten tia l v a r ia tio n s  are  m a in ly  due  to  th e  b rom ide c o n c e n tra tio n  
v a r ia tio n s  o f th e  o sc illa tin g  so lu tion . N everth e less , th e  s te a d y  b ro m id e  concen
tra t io n  o f  n ea rly  tw o  o rd e rs  o f  m ag n itu d e  below  10 “ 6 M  m easu red  b y  Geiseler 
a n d  F öllner [11] suggests  th a t  a s tab le  “ d ep le tiv e”  ag en t has to  b e  p resen t 
w h ich  rem oves th e  b ro m id e  ions com ing from  th e  e lectrode co n tin u o u s ly . A t 
th is  p o in t tw o  p rob lem s arise:

1) W hich  chem ical co m p o n en t is th e  d ep le tiv e  ag en t ?
2) I f  such  an  a g e n t ex is ts , how  can  i t  e x e r t its  in fluence on  th e  e lec trode  

p o te n tia l ?
In  th e  follow ing w e w ish  to  propose a possib le  answ er to  th e  a b o v e  ques

tio n s  based  on som e ex p e rim en ts  w ith  a b ro m id e  sensitive  e lec tro d e .
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E xperim ental

Materials and Methods

The chemicals used w ere o f  reagent grade and the hypobrom ous acid was prepare 
fe sh ly  according to the literatu re [14]: Ag2S 0 4 was added inexcp ess to bromine and the hypo
b rom ous acid was distilled in  vacu u m . The product w as d iluted: one part o f i t  w as added to  
fou r  parts o f 0.1 M  sulfuric acid . T he stock solution o f H O B r produced in  this w ay was stored  
for  som e hours before the ex p erim en ts at 0 C°. According to  titrations by 0.01 M  K Br in the  
presen ce  of a bromide se lec tiv e  electrode as an ind icator, som e hours after the preparation  
i t  w a s a 0.053 M  solution o f  H O B r (in  ' 0.02 M  solution o f sulfuric acid). All the other reagent 
so lu tio n s contained sulfuric acid  in  1.5 M  concentration.

W e used a “hom e m ade”  brom ide sensitive electrode based on a disc o f pure AgBr. 
T h e electrode was prepared according to a m ethod described b y  P ung o r  et al. [15] and it  
w a s f illed  w ith an inner reference solution of 0.01 M  A g N 0 3 contacting a silver wire inner 
e lectro d e  and the AgBr disc as w e ll. (The widely used “ O rion” bromide sensitive electrode is 
s lig h tly  different: it  contains a p e lle t  made of a A gB r—Ag2S m ixture [12]).

T he reference electrode w a s a satured calomel electrode (R adelkis OP-830) connected  
v ia  a “ salt” bridge containing 1.5 M  sulfuric acid solution .

T he electrom otive force o f  th e  galvanic cell described above was m easured b y  a milli- 
v o ltm ete r  (Radelkis T R -1456) connected  to a recorder (R adelk is OH-814) to  display the  
potentiom etr ic  traces.

T he experiments w ere carried out in continuously stirred solutions ( ~ 6 0  rpm).

Effect o f H ypobrom ous Acid on the Brom ide Sensitive Electrode

As a first step we rep eated  G e is e l e r ’s experim ents in  a m odified form (w ithout brom ide 
ion ). T he results of the ex p erim en t depicted in Figure la  show  clearly that som e depletive  
a g e n t m ust be present, causing a perm anently low  lev e l o f  the measured bromide concen
tra tio n . (The “bromide con cen tra tio n ” was calculated assum ing an ideal N ernstian response  
o f  th e  electrode as usual [2, 3, 1 1 ].)  I t  can be seen as w ell (F igures la  and lb )  th a t neither 
Ce3+ nor Ce4 + nor brom ate can  produce alone the m easured change of electrode potentia l, 
o n ly  a reaction between Ce3+ and  brom ate yields the observed effect.

F ig . 1. “ Bromide concentration changes” measured by the brom ide selective electrode in  two
experiments

E xp erim en t a): At the m om en t t(Ce3+), 8 cm3 of 1 0 _3 M  C e(N 0 3)3 solution was added to 
40 cm 3 o f  1.5 M  H jS04 so lu tion . N o  change of the electrode potential was observed. A t the  
m o m en  l(BrO“), 2 cm 3 p o ta ssiu m  bromate solution ([K B rO a] =  8 x 1 0 “ 2 iVf) was added  
to  th e  m ixture establishing th e  following initial concentrations: [Ce3+] =  1 . 6 x l 0 “ 4 M  

[ K B r 0 3] =  3 .2 X 1 0 -3 M , [H 2S 0 4] =  1.5 M
E xperim ent b): At the m om en t t* ( iir ():!), 2 cm 3 potassium  brom ate solution ( [K B r 0 3] =  
=  8 x 1 0 “ * M ) was added to  48 cm 3 1.5 M  H2S 0 4 so lu tion  (no Ce3+ was present). A t the 
m o m en t t(Ce4+), 2 cm 3 Ce4+ so lu tio n  ([Ce(S04)2] =  4 x l 0 -2  M )  was added to the m ixture. 

No m easurable change of the electrode p o ten tia l was detected
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Fig. 2. Brom ide concentration changes due to bromide ions and hypobrom ous acid. A t the 
m om ent t(B r~), 0.4 cm 3 potassium  brom ide solution ([K B r] = 1 0 ~ 2 M )  was added to 40 cm 3 
o f 1.5 M  H 2S 0 4. At the m om ent t(H OBr), 0.2 cm 3 hypobrom ous acid so lu tion  ([H O B rj 

=  5.3 x l 0 ~ 2 M )  was introduced. A t the m om ent i(M A), 0.7 cm 3 m alonic acid solution  
([C H 2(COOH)2] 0.2 M )  was added

It is straightforward to assum e that the depletive agent is an end product o f  the Ce3 + — 
— bromate reaction. The sto ichiom etry of this reaction was reported by T h o m p s o n  [ 1 6 ] ,  who 
claim s that hypobrom ous acid appears in the m ixture according to (2.1)

5 11+ +  4 Ce3+ +  B rO j — 4 Ce4+ +  H OBr +  2 H20  (2.1)

Thus hypobrom ous acid is a rather plausible candidate for the unknown d ep le tiv e  agent 
especially because of its very fast reaction ( R l)  [17]. To check this hypothesis, we recorded 
the response o f our bromide sensitive  electrode for hypobrom ous acid. The results o f  the experi
m ent depicted in Figure 2 show th a t

1) H ypobrom ous acid can really  change the potential of the bromide sen sitiv e  electrode 
in the expected  way: it  establishes apparent bromide concentrations m uch below  10 “ 6 M.

2) The hypobrom ous acid used  in our experim ents was free o f contam inating silver ions, 
th a t is the detected  change of the electrode potential is due solely to hypobrom ous acid. To 
prove this m alonic acid was added to a reaction m ixture of bromide and hypobrom ous acid 
and in this w ay the same brom ide level could be restored which was m easured before the 
addition of hypobrom ous acid to the bromide solution.

We m ade a system atic calibration  of the bromide sensitive electrode w ith  hypobrom ous 
acid and w ith bromide and silver ions. The results can be seen in Figure 3. zleM is th e  measured  
electrode potential change due to  the species m entioned above. The theoretical values for 
Aé? were calculated according to the follow ing expressions [18]

AeT
Br 59 lg [Br-]c + Í [Br~]ij +  4 X ,

z Yk ,
( 2. 2)

=  -  5 9  ]g
[Ag + ]c +  ^[Ag+]j +  4 K s

2 YK~.
mV (2 .3 )

where [Br ]c and [Ag + ]c are the concentrations of the bromide and silver ions in troduced  into  
the solution for calibration. (The actual concentrations are higher because o f  th e  solubility  
of the silver brom ide precipitate.) Aej^r and are the theoretical electrode p oten tia l changes 
caused by the introduction of brom ide and silver ions respectively. (AeM and AeT w ere regarded
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F ig . 3. Calibration of the brom ide selective electrode by brom ide and silver ions and by hyp o
brom ous acid. The solid curves are theoretical ones calculated  according to Eqs (2.2) and (2.3). 
T he po in ts are measured va lues. T he point X  =  HOBr (calc) is calculated from the experim ent 
d ep icted  in  Figure la . I t  w as assum ed  that the hypobrom ous acid concentration can be cal

cu lated  according to the sto ich iom etry  o f (1.1)

as p o s itiv e  if  the bromide co n cen tra tion  was increasing.) T he reproducibility o f the calibration  
p o in ts  for hypobromous acid b e lo w  1 0 ~ 5 JVÍ was not as good as betw een 1 0 -5  M  and 1 0 -4  M . 
I t  is  rather probable that som e trace amount of an unknow n m aterial reducing hypobrom ous 
acid  disturbed our m easurem ents in  the low concentrations region.

In  Figure 4 the electrode potentia l changes and the apparent bromide concentration  
ch an ges observed with the b rom ide selective electrode are depicted in the induction  period

F ig . 4. Potential changes o f th e  brom ide sensitive electrode in  the BZ reaction o f m alonic acid. 
A t th e  m om ent f(BrO^), 40 cm 3 potassium  bromate so lu tion  ([K B r 0 3) =  8 x 1 0 “ 2 M ) was 
added  to  40 cm3 m alonic acid  solution  [CH2(COOH)2] =  0.2 M . A t the m om ent t(Ce4 + ), 
2 cm 3 Ce4+ solution ([C e(S04)2] =  4 x  10-2  M ) was added to  the m ixture. The concentration  

o f H 2S 0 4 was 1.5 M  in all o f the solutions
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and during oscillations in  the BZ reaction o f m alonic acid. I t  is interesting to observe th a t all 
the changes in  the electrode potential (w ithin the experim ental error) are in  th e  “ silver ion  
(or hypobrom ous acid) region” , that is Ae <  0.

D iscussion

A n  E xp la n a tio n  fo r  the H ypobrom ous A c id  Response o f  the B rom ide Selective 
Electrode

T h e  com parison  o f  th e  ca lib ra tio n  p o in ts  for hypobrom ous a c id  a n d  for 
th e  s ilv e r ions show  t h a t  th e ir  effects a re  n e a r ly  th e  same. This f a c t  suggests 
t h a t  h y p o b ro m o u s ac id  produces silver ions on  th e  surface o f  th e  e lec tro d e . 
In  a r a th e r  usual a n d  sim ple p ic tu re  [19] w e can  im agine th is  p ro cess  as i t  is 
show n in F igu re  5.

Fig. 5. Concentration profiles o f silver ions (dotted  line) and of hypobromous acid  (solid  line) 
near the surface o f the brom ide sensitive electrode in the steady state. See t e x t  for the

explanation o f n o ta tion

D ue to  th e  d isso lu tio n  o f  th e  e lec tro d e  m a te ria l, silver an d  b ro m id e  ions 
a p p e a r  a t  th e  e lec tro d e-e lec tro ly te  in te rfa c e . T h e  silver ions d iffuse th ro u g h  th e  
a d h e rin g  b o u n d a ry  la y e r  to  th e  h u lk  so lu tio n , w here th e ir  c o n c e n tra tio n  is 
p ra c tic a lly  zero. T h e  b ro m id e  ions h o w ev er r e a c t w ith  h y p o b ro m o u s ac id  in  
th e  r a p id  reac tio n  o f  (R l)  a t  th e  e lec tro d e -e lec tro ly te  in terface. ( I t  is possib le 
t h a t  th e  ac tiv e  species in  (R l)  is n o t h y p o b ro m o u s acid b u t  B r + ions [20] 
b u t  th is  does n o t ch an g e  th e  follow ing th e o re tic a l co nsidera tions, o n ly  th e  
n o ta t io n  a lte rs .)  D ue  to  th is  reac tio n , th e  c o n cen tra tio n  of h y p o b ro m o u s  acid 
a t  th e  e lec tro d e-e lec tro ly te  in te rface  is m u c h  low er th a n  its  c o n c e n tra tio n  in
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th e  b u lk  phase. T hus h y p o b ro m o u s  acid w ill d iffu se  con tinuously  from  th e  b u lk  
p h a se  to  th e  in te rfa c e  th ro u g h  th e  b o u n d a ry  la y e r .

I n  s te a d y  s ta te  th e  m o la r  cu rren t d en sitie s  o f  silver (JAf»+) a n d  o f  h y p o 
b ro m o u s  acid  (Jj-iOBr) a re  e q u a l b u t th e y  flow  in  opposite  d irec tions, t h a t  is

» A g  + ' H O B r (3.1)

A p p ly in g  F ick ’s law , w e g e t th e  following ex p ress io n s

J Ag+ =  D Ag +
[Ag+]b — [A g+ ]j _ [Ag+]j

- tZ A g  +

p ro v id e d  th a t  

s im ila rly

»H O Br D H O B r

[Ag + ]b ^  [Ag + ],.

[H O B r]b [H O B r];
D H OBr

[H O B r]b

p ro v id e d  th a t
[H O B r]j<^ [H O B r]b

(3.2)

(3.3)

(3.4)

(3.5)

I n  E q s  (3 .1 )—(3.5) 
DAg+, D H O B r

8
[Ag + ] „  [A g+]b

[H O B r];, [H O B r]b

th e  fo llow ing n o ta tio n  w as u sed
a re  th e  diffusion coeffic ien ts  o f  silver ion an d  o f  h y p o 
b ro m o u s  acid,
is th e  th ick n ess  of th e  b o u n d a ry  layer,
a re  s ilv e r ion co n cen tra tio n s  a t  th e  e lec tro d e-e lec tro ly te
in te r fa c e  and  in  th e  b u lk  o f  th e  solu tion ,
a re  h y p o b ro m o u s acid  c o n c e n tra tio n s  a t  the  in te rfa c e  a n d
in  th e  b u lk  phase.

O n th e  basis o f  E q s  (3 .1) —(3.5) we can  w rite

[Ag+],= [HOBr]b^ p ^  (3.6)
U Ag+

T h e  e lec tro d e  p o te n tia l  e o f  th e  brom ide se n s itiv e  e lec tro d e  in  th e  p re sen ce  o f  
s ilv e r  ions can  be g iv en  in  th e  following fo rm  [12]

e =  eo +  ~ ~  In  [A g+]; (3.7)
Г

E x p re ss io n  (3.6) can  b e  s u b s ti tu te d  in to  (3.7) g iv in g  (3.8):

e =  e0 +  —  In [H O B r]b +  —  In £>H0-B-r- (3 .8)
F  F  D Ag+
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I f  th e  tw o  diffusion  coeffic ien ts are  n o t to o  d iffe ren t, th a t  is

^ H O B r ^ ^ A g *  ( 3 - 9 )
th e n

e ^ s 0 +  —  ln [H O B r]b (3.10)
F

w hich  expression  describes r a th e r  well th e  e x p e rim en ta l find ings in  th e  con
c e n tra tio n  range o f  1 0 _ e —10~4 M  H O B r.

Possible In terpreta tions o f  the Potential Oscillations o f  the B rom ide Sensitive  
Electrode in  the B Z  Reaction

I f  we look a t  th e  p o te n tia l  range  o f  th e  o scilla tions m easu red  in  th e  BZ 
re a c tio n  b y  th e  b ro m id e  selec tive  e lec trode  (F ig u re  4), we can  see t h a t  i t  falls 
in to  a region w h ere  th e  e lec tro d e  p o te n tia l is co n tro lled  b y  silver ions or b y  
h ypobrom ous ac id .

T hus it  is r a th e r  p ro b ab le  th a t  th e  m easu red  changes in  th e  “ b rom ide 
lev e l”  o f  th e  o sc illa tin g  so lu tion  a re  due to  v a ria tio n s  o f th e  h y p o b ro m o u s acid 
co n cen tra tio n .

W e have  to  m e n tio n  th a t  th is  idea is n o t  en tire ly  new : T o c k st e in  an d  
H a n d l ir o v a  [21] a n d  Zh a b o t in s k ii  [22] w ere suspec tin g  such  effects. 
T o c k st e in  an d  H a n d l i r o v a  [21] in v es tig a ted  th e  u n ca ta ly zed  osc illa to ry  
re a c tio n  o f b ro m a te  ion  w ith  pheno ls and  th e y  s ta te  th a t  in  th e ir  sy s tem  “ th e  
ion-selective e lec tro d e  does n o t in d ica te  o scilla tions o f  c o n cen tra tio n  o f  b rom ide 
ion  h u t  th a t  ions in  w h ich  b ro m in e  is in  h ig h er o x id a tio n  s ta te ” . A ccord ing  
to  a re c e n t rem ark  o f  Z h a b o t i n s k i i  [22]: “ i t  is lik e ly  th a t  com pounds s im ila r to  
H B r 0 2 an d  H O B r re a c tin g  ra p id ly  w ith  B r in  so lu tio n  can  also re a c t w ith  
B r -  on th e  e lec tro d e  su rface  an d  th u s  s tro n g ly  a ffec t its  p o te n tia l” .

N ow  we h a v e  tw o  ex trem e  possib ilities to  in te rp re t  th e  p o te n tia l  v a r ia 
tio n s  o f  th e  b ro m id e  sen s itiv e  e lec trode  in  th e  BZ reac tio n .

1) T here is no  co n n ec tio n  a t  all be tw een  th e  m easu red  e lec tro d e  p o te n tia l 
a n d  th e  ac tu a l b ro m id e  c o n c e n tra tio n  o f th e  b u lk  p h ase

2) Some c o m p lic a te d  an d  un k n o w n  b u t  d e fin ite  connection  ex is ts . Som e 
ra p id  processes cou ld  e s tab lish  such  a connec tion . F o r exam ple  i f  th e  b ro m in e  
c o n cen tra tio n  w ere  c o n s ta n t, th e  b rom ide  c o n c e n tra tio n  could  be  expressed  
b y  th e  p o ten tia l d e te rm in in g  hypob ro m o u s ac id  co n cen tra tio n

w here

[B r - ]
[Br*]

K [H + ][H O B r]
(3.11)

(3.12)
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Aq a n d  k —1 are ra te  c o n s ta n ts  o f th e  reac tio n  (R l) .  (This is on ly  a h y p o th e tic a l 
e x a m p le  because i t  is p ro v e d  ex p e rim en ta lly  [23, 24] th a t  th e  c o n c e n tra tio n  
o f  b ro m in e  is no t c o n s ta n t in  th e  BZ reac tio n .)  T h u s i t  is n o t im possib le  th a t  
so m eh o w  a com plica ted  — p e rh ap s  non  N e rn s tia n  — re la tio n  can  he  found , 
a c c o rd in g  to  w hich, th e  e lec tro d e  p o te n tia l can  be  expressed  as a fu n c tio n  
o f  t h e  b rom ide c o n c e n tra tio n  o f  th e  b u lk  p h ase :

e = / { [ B r - ] b} (3.13)

I n  th e  follow ing we sh a ll e x a m in e  th e  th e o re tic a l consequences o f  th e  second 
in te rp re ta t io n .

O n the Two Critical B rom ide  Concentrations

W e have seen in  th e  in tro d u c tio n  th a t  th e re  a re  tw o  c ritic a l b ro m id e  
c o n c e n tra tio n s : [B r—] (.“ir]lp down an d  [B r~ ] up. U sing expressions (1.1) and  
(1 .2 ), w e can w rite

!  +  -
[Ce4+] fc7[Ce4+]2

[ В г - ] жju m p  up =  [B r -J & ffP  down
fc6[H +] [Ce3+] k 6ks [B r 0 3- ] [ H + ] 2[Ce3+]

1 + k-__  [Ce4+]

M H + T  [Ce3+]
(3.14)

O n  th e  basis of E q . (3 .14), we can  ca lcu la te  th e  ra tio  o f  th e  tw o  c ritica l con
c e n tr a t io n s  collecting  th e  re q u ire d  num erica l d a ta . I t  w as assu m ed  [5, 26, 27] 
t h a t  k _ e =  2 .4 x l 0 7 М ~ г s -1 . H ow ever, re c e n tly  S u l l i v a n  an d  T h o m p s o n  

[25] h a v e  proved  e x p e rim e n ta lly  th a t  k _ e ^  0. A ccord ing  to  m easu rem en ts  [24]

[Ce*+2
[Ce3+]

<;о.з (3.15)

S e v e ra l au th o rs  [5, 26, 27] c la im  th a t  ka =  6.5 X  Ю5 M ~ 2 s * 1. T he  v a lu e  of 
k-j is n o t  so well defined , i t  is “ decreasing” . I ts  “ o ld e s t’V a lu e  is 9.4 X 104 M ^ 1 s -1 
[26] (1975) th e  “ n ew est”  o n e  is 1 .7 Х Ю - 1 M " 1 s " 1 [5] (1979). T he h y d ro g en  
io n  c o n c e n tra tio n  [H  + ] ^  1. U sing  all th e se  d a ta

[B r~ ] IffiP down 
[ H i - ]  й - p  up

(3.16)

1.0000002 <  R  <_ 1.1 (3.17)

N ow  we can see t h a t  th e  ra tio  “ R ”  m u s t be  ra th e r  n ea r to  1, especially  
i f  w e see th e  la te s t d a ta .  T h u s  th e  tw o c ritica l b ro m id e  co n cen tra tio n s  should  
h a v e  b een  the  sam e in  th e o ry . H ow ever, acco rd in g  to  m easu rem en ts  [2, 24] 
J Í í v  3, w hich is v e ry  m u c h  la rg e r th a n  th e  ex p ec ted  value .
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C onclusion

I f  we reg a rd  b ro m id e  ion  as a c o n tro l in te rm e d ia te  o f  th e  BZ re a c tio n  
o f m alonic  acid , w e h av e  to  face a serious d ilem m a. P ro v id ed  th e re  is som e 
d e fin ite  re la tio n  b e tw een  th e  p o ten tia l o f  th e  b rom ide  selective e lec tro d e  an d  
th e  c o n c e n tra tio n  of b ro m id e  ion  we c a n n o t ex p la in  th e  tw o  d iffe ren t c r itic a l 
co n cen tra tio n s  (“ u p ”  an d  “ dow n” ). W e m a y  say  th a t  th e re  is no  d e fin ite  
re la tio n  betw een  th o se  variab les . O ur e x p e rim e n ts  show  th a t  th e  re sp o n se  of 
th e  b ro m id e  se lec tive  e lec trode  is p ro b a b ly  d u e  to  hypobrom ous acid  a n d  gives 
no in fo rm a tio n  a b o u t th e  b rom ide c o n c e n tra tio n  o f th e  b u lk  p h ase . H ow ever, 
in  th is  w ay  we lose th e  o n ly  d irec t e x p e rim e n ta l ev idence for th e  decisive role 
o f b ro m id e  ions in  th e  BZ reac tio n .
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15-Formyl-16-keto-3/?,17/S-di-(2’-tetrahydropyranyloxy)-5-androstene w as re
duced stereoselectively to the 15a-hydroxym ethyl-16/3-hydroxy derivative; chem ical 
and 4 1 — NM R evidence for the steric structures o f  the compounds are given.

15-Form yl-16-keto-3/?,-17jő-di-(2’-te tra h y d ro p y ran y lo x y )-5 -a n d ro s te n e  (1) 
w as p rep ared  fro m  3/?,17/?-di-(2’-te trah y d ro p y ran y lo x y )-1 6 -k e to -5 -an d ro s ten e  
b y  th e  fo rm y la tio n  process generally  a p p lie d  [1]. The brow n o ily  fo rm yl 
d e riv a tiv e  (1) w as red u ced  w ith o u t fu r th e r  p u rif ic a tio n  w ith  so d iu m  boro- 
h y d rid e  in  m e th a n o l, g iv ing  rise  to  tw o  isom eric  diols (2a) w hich w ere se p a ra te d  
on a lum ina . T he less p o la r  com pound h ad  a  m e ltin g  po in t of 172 —175°C an d  
[<x ] d  —36° +  2° (c 1, alts ,  m ethano l) th e  m o re  p o la r one 184—187°C a n d  [a]o  
-f-44° +  2° (c 1, a l t s ,  m eth an o l). T he 2a m ix tu re  o f  diols gave th e  d ia c e ta te s  
2b w ith  m. p. 1 2 3 —126°C, [a]o  —30° +  2° ( c l ,  chloroform ) an d  m . p . 128 — 
131°C, [a]u  —48° +  8° (c 0.25, chloroform ), a n d  th e  acetonides 2c: m . p. 123 — 
126°C, [a ]□ —64° +  2° ( c l ,  a b s .  m eth an o l) a n d  m. p. 124 .5—127°C, [a]o  
—32° +  2° ( c l ,  a b s .  m eth an o l). On ac id -c a ta ly z e d  hydrolysis th e  2a p a ir 
o f diols, th e ir  a c e ta te s  (2b) an d  aceton ides (2c) all gave th e  sam e sing le  te tra o l 
isom er 2d, m. p. 2 3 2 —234°C, [a]n  —28° : 4° (c 0.5, e thano l); th u s , th e  p a irs  
o f com pounds w ere isom eric  on the  ch ira l c a rb o n  a to m  of th e  te t ra h y d ro p y ra -  
ny l e th e r  m o ie ty , a n d  th e  red u c tio n  co ncern ing  th e  carbon  atom s 15 a n d  16 w as 
stereoselective.

XH  —N M R ev id en ce  fo r th e  co n fig u ra tio n s  o f th e  new a sy m m etric  cen tre s  
in  th e  above co m p o u n d s an d  th e  te tr a a c e ta te  d e r iv a tiv e  2e, m. p. 176 —178.5°C, 
[* ] d —46° +  2°, (c 1, ch loroform ), w as n o t conclusive  (H  C —16 5.2 p p m , dd : 
J 16il7 7.5 H z, J 15,lfí 4 H z). H ence, we tr ie d  to  d e te rm in e  the  co n fig u ra tio n s  b y  
o u r chem ical m e th o d s  developed  earlier in  th e  case of 1 6 -hydroxym ethy l-17 - 
h y d ro x y ste ro id  d e riv a tiv e s .

D eace ty la tio n  o f th e  d iace ta te  2b on b asic  a lum ina  did n o t show  th e  
se lec tiv ity  ex p ec ted  [2]; besides th e  m o n o a c e ta te  2f (m. p. 1 5 8 —161°C, [a ]D 
4 “68° +  4°, (c 0.5, ch lo ro fo rm ) also th e  diol 2a w as ob ta ined . T h e  la t te r  com -

* 'Го whom  correspondence should be addressed
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p o u n d  m a y  form  th ro u g h  a  d ea c e ty la tio n  — ace ty l-m ig ra tio n  — d e a c e ty la 
t io n  p rocess. This in v o lv es  th e  fo rm atio n  o f  a  six -m em bered  o r th o e s te r  rin g , 
w h ic h  is  possible here in  th e  case of e ith e r  cis or trans  su b s titu e n ts .

T h e  te tra o l 2d gave tw o  d iffe ren t a c e to n id e  deriv a tiv es: 2g (m . p . 251 — 
254°C , [oc] d —32° +  4°, c 0 .5 , chloroform ) an d  2 h  (m . p. 2 5 4 —257°C, ]a ]o

A c ta  Chim . Acad. Sei. H ung. 106, 1981
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—10° +  2°, c 1, ch lo ro fo rm ). C hem ical ev idence  fo r th e ir  s tru c tu re s  w as p ro 
v id ed  b y  th e  t r e a tm e n t  o f th e  2i (m . p . 1 5 1 .5 —152.5°C, [a]о — 24° r  2°, c 1, 
ch loroform ), a n d  2j (m . p. 1 4 6 —-148°C, [oc] d —2° +  2°, c 1, ch lo ro fo rm ) ace- 
to n id e  d ia c e ta te s  w ith  basic a lu m in a , w h ereu p o n  2i, c o n ta in in g  a  p rim a ry  
ac e to x y  group , was d e a c e ty la te d  to  2k (m . p. 1 9 4 —198°C, [ a ]D —32° 4°,
c  0 .5, ch lo ro fo rm ), w hile 2j h av in g  seco n d a ry  ace to x y  groups, rem a in e d  u n a l
te re d . T he fo rm a tio n  o f th e  ace to n id e  2g is possib le only  w hen  th e  16-hy
d ro x y  group is  o f  ß  steric  o rien ta tio n .

R eflu x in g  o f  th e  to sy la te  a c e ta te  21 (n o n -crysta llizab le  oil, [oc] d —50° 
5°, c 0.4, ch lo ro fo rm ) in  m e th an o lic  sod ium  h y d ro x id e  so lu tio n  re su lte d  in 

tw o  p ro d u c ts : 2m (m . p . 6 2 —65°C, [a]o  —58° +  2°, c 1, ch lo ro fo rm ) a n d  3 
(o il, ]H —N M R , 60 M H z: v in y l p ro to n s  5.2; H  C-6 5.3; H -a ld eh y d e  9.85 ppm ) 
in  eq u a l a m o u n ts . T hus th e  re a c tio n  to o k  p lace w ith o u t n e ig h b o u rin g  g roup  
p a r tic ip a tio n , w h ich  w ould  he ex p ec ted  i f  th e  1 5 -to sy lo x y m eth y l a n d  16- 
ace to x y  g roups w ere in  cis-position , a n d  re su lted  in  c a rb o n -carb o n  b o n d  f is 
sio n , c h a ra c te r is tic  of íro iis-o rien ted  s u b s titu e n ts  [3].

*H —N M R  ev idence for th e  а -po sitio n  o f th e  1 5 -h y d ro x y m e th y l g ro u p  was 
g iven  by  th e  in v e s tig a tio n  of 4d (m . p. 1 8 2 —185°C, [a]o  —56° +  4 ° , c 0.5, 
ch loroform ), o b ta in e d  from  2n (oil) an d  2o (oil) b y  lith iu m  a lu m in iu m  h y d rid e  
re d u c tio n  [4a n o t  iso la ted  and  4b (m . p. 1 5 6 —160°C, [a ]D —24° +  2°, c 1, 
ch lo ro fo rm )], th e n  th ro u g h  ac id -ca ta ly zed  hydro lysis  4c an d  a c e ty la tio n . The 
signal o f th e  p ro to n  a t  C-16 is sp lit  to  a double  dou b le t w ith  th e  co u p lin g  con
s ta n ts  7.5 ( J le,17) an d  3.5 H z ( J 15,10), w hich  a re  ch a rac te ris tic  o f 15 a , 16/5, 17/?- 
s u b s ti tu t io n  [4].
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