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HYDRODECHLORINATION OF 
ALDRIN, DIELDRIN AND TOXAPHENE

R. B. L a P i e r r e * , E .  B í r ó n , L . G u c z i* * , W. L. K r a n i c h  and A . H. W e i s s * * *

(D epartm ent o f  Chemical Engineering, Worcester Polytechnic Institu te Worcester, M a ss . 01609
U S A )

R eceived June 30, 1978  

A ccepted for publication O ctober 3, 1978

The hydrodechlorination reactions o f A ldrin , o f  its  epoxide D ieldrin, and of  
Toxaphene were studied in  C2H5O H —NaO H  so lu tion  at 50 bar H2, 130 °C, usin g  61%  
Ni on K ieselguhr cata lyst. The stoichiom etry o f  these heavy m ultifunctional species 
follow s the rules established for simple low -m olecular w eight com pounds. Concerted  
(i.e. m ultip le) reactions, in  w hich interm ediate species do not desorb, are ty p ica l:
For Aldrin:

_ HC (  С,2Н ПС1§ > C[sH t2Cl4

+  3H 2 -2 H C I + 3 H 2 -2HC1

\

First, an olefin ic group in  a m olecule hydrogenates (an  epoxide is not affected  a t these  
conditions) in a step sim ultaneous w ith  rem oval o f  a h igh ly active gem inal d ichloride. 
The m olecule then readsorbs to loose in one step  its  o lefin ic chlorine atom s and  to  hydro
genate th a t olefinic bond. The last highly un reactive  chlorines to be rem oved  are the  
aliphatic chlorines, and th e  consequence o f their  very  low  reactivity is th a t  D ieldrin , 
Aldrin, and Toxaphene are not readily com pletely  stripped to the corresponding hydro
carbon skeletons.

Introduction

W e h a v e  recen tly  re p o r te d  on th e  c a ta ly t ic  h y d ro d e c h lo rin a tio n  o f 
1,1-Bis (p -ch lo ro p h en y l)-2 ,2 -d ich lo ro e th y len e  (p , p ’ D D E ) [1, 2 ], th e  co rre 
spond ing  e th a n e  { p p '  D D D ) [1], and  a ty p ic a l  p o ly ch lo rin a ted  b ip h e n y l (PC B ) 
m ix tu re  [3]. T hese  s tud ies w ere con d u c ted  in  b o th  th e  gas and  l iq u id  p h ase  
over su p p o rte d  P d  and  N i ca ta ly s ts . O lefin ic  an d  arom atic  ch lo rin e  w ere 
show n to  be  h ig h ly  re a c tiv e , as these  ca rb o n c h lo rin e  bonds acq u ire  a d is tin c t 
double b o n d  c h a ra c te r  w h en  chlorine я -e le c tro n  delocalization  o ccu rs  o n  th e  
ca ta ly tic  s ite  [4].

H y d ro d ech lo rin a tio n  o f  D D E  olefinic ch lo rin es  is a concerted  p ro cess , i.e., 
a n u m b er o f reac tio n s o ccu r w ith o u t th e  n e e d  fo r in te rm ed ia te  species deso rp -

* P resent address: M obil Research Corp., P rinceton , N . J.
** P resent and perm anent address: In stitu te  o f  Isotopes, Hungarian A ca d em y  of 

Sciences, B ud apest, Hungary
*** To w hom  correspondence should be addressed.
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t io n , fo r  exam ple , rem o v a l o f b o th  chlorines o f  D D E  is followed b y  ra p id  h y d ro 
g e n a tio n  o f  th e  d ech lo rin a ted  olefin , all as one s te p  w ith o u t d e so rp tio n  o f  in te r 
m e d ia te s . O f course, re a c tio n s  m ay  or m a y  n o t  be stepw ise on th e  su rface . 
A ro m a tic  h y d ro d e c h lo rin a tio n  [1— 3] is on th e  o th e r  han d , a s tepw ise  p rocess, 
a n d  h a s  a low er h y d ro g en  dependence  th a n  th e  olefinic reac tio n . W e is s  and  
K r i e g e r  [5], in a s tu d y  o f  th e  P t  ca ta ly zed  h y d ro d ech lo rin a tio n  o f 1 ,2 -d ich lo ro - 
e th y le n e s , v in y l ch lo ride , a n d  th e  co rre sp o n d in g  ch lo roethanes sh o w ed  th a t  
o le fin ic  ch lo rine w as m u ch  m ore  reac tiv e  t h a n  a lipha tic  ch lo rine . O lefin ic 
h y d ro d e c h lo r in a tio n  w as, ag a in , a p recu rso r to  h y d ro g en a tio n  o f th e  o lefin .

H o r n e r  et al. [6], u s in g  R aney-N ickel in  th e  liqu id  phase , e s ta b lish e d  th e  
fo llo w in g  a c tiv ity  sequence  fo r  a lipha tic  h y d ro d ech lo rin a tio n :

H

— C H 2C1 <  — CHC1 <  — С— C—  <  — C— Cl 2

Cl Cl Cl

B o th  a lip h a tic  chlorines in  D D D  [2] are  re m o v ed  in  a concerted  m a n n e r  s im ila r 
to  t h a t  o bserved  b y  W e is s  et al. [7] in  th e  c o n c e r te d  P t-ca ta ly zed  h y d ro d e c h lo 
r in a t io n  o f  CC14 d irec tly  to  m e th an e .

S tc r ic  in fluences w ere  observed  to  c o n tro l th e  se lec tiv ity  and  re la tiv e  ra te s  
o f  ortho to  ( meta p lus p a r a )  PC B  h y d ro d e c h lo rin a tio n  [3]. C hlorine s u b s ti tu te d  
o r th o  to  th e  ring  ju n c tu re  in h ib its  p la n a r ity  o f  ch lo rin a ted  b ip h en y l m olecules 
an d  h e n c e  adso rp tio n  fa v o ra b le  fo r th e  h y d ro d e c h lo rin a tio n  reac tio n .

W e now  p resen t th e  re su lts  of stud ies on th e  h y d ro d ech lo rin a tio n  o f  th e  
o rg a n o c h lo rin e  pestic ides A ld rin , D ield rin , a n d  T oxaphene w hich  i l lu s tr a te  
c o m b in e d  steric  and su b s ti tu t io n a l  effects a n d  th e  resu lting  s to ich io m e try . 

T h e  s tru c tu re s  o f A ld rin  an d  its  co rre sp o n d in g  epoxide D ie ld rin  a re :

Acta Chim. Acad. Sei. Hung. 102, 1979



LAPIERRE et al.: HYDRODECHLORINATION OF ALDRIN, DIELDRIN AND TOXAPHENE 3

Cl 01

T o x ap h en e  is a com plex  m ix tu re  o f  p o ly ch lo rin a ted  h y d rocarbons, 
ty p ic a lly  67— 69 %  ch lo rine  b y  w eig th , p re p a re d  b y  th e  c h lo r in a tio n  o f cam- 
phene. T he s tru c tu re  o f cam phene  (C10H 16) is:

H o l m s t e a d  et al. [8] h av e  re p o rte d  th a t  o v er tw o  th ird s  o f th e  co m p o n en ts  of 
com m ercial to x a p h e n e  a re  C10H 18_ XC1X co m pounds w here th e  d o u b le  bond  has 
been  sa tu ra te d  d u rin g  ch lo rin a tio n . Iso m eriza tio n  also occurs d u r in g  ch lorin
a tio n . A ty p ica l co m p o n en t w hich  h as  been  iso la ted  from  a re p re se n ta tiv e  
to x a p h e n e  m ix tu re  [9] is a h e p ta c h lo ro b o rn an e  i.e.,

cl

As a further exam ple o f the chem ical com plexity  of toxap h en e, Smith [10] 
has calculated that the num ber o f toxaphene isomers possible w ith o u t stereo 
isom ers, and assum ing th at the double bond has been ch lorinated  without 
rearrangem ent o f  the carbon skeleton, is 8640.

Experim ental

Technical-grade chem icals were used in these studies. Samples o f A ldrin and Dieldrin 
were donated by Shell D evelopm ent Com pany, M odesto, California, and T oxaphene by Hercules 
Inc., W ilm ington, D el. E xperim ents were carried o u t,u sin g  a teflon lined autoclave. The detailed 
description of this equipm ent and the experim ental technique used are found elsewhere [2].

1* Acta Chim. Acad. Sei. Hung. 102, 1979



4 LAPIERRE et at: HYDRODECHLORINATION OF ALDRIN, DIELDRIN AND TOXAPHENE

GC— MS techniques were used  to  characterize the reactan ts and products. The equip
m ent u sed  w as a Perkin—E lm er 900 gas chromatograph in terfaced  w ith  a D uPont 21 — 491 
double fo cu sin g  mass spectrom eter. Separations were carried o u t on  a 9' X 1/2" 3%  OV-17 
on 80 — 100 m esh Chromosorb W  colu m n and a 5' X 1/8" 3% OV-1 o n  80— 100 m esh Chromosorb 
\Y co lu m n .

T h e  electron impact m ass sp ectra  o f  Aldrin and D ieldrin have  been interpreted b y  S a fe  
and H u t z in g e r  [12]. The fragm en tation  patterns of both  com pounds are characterized by  
retro D iels-A lder (RDA) reactions accom panied by or preceded b y  expulsion of Cl or HC1. 
Sim ilar sp ectra  were obtained on  A ldrin  and Dieldrin reaction products. Fragm ents due to 
R D A  rea ctio n s were much less in ten se  from  Aldrin products w here the non-chlorinated olefin  
had b een  saturated. H owever, since th e  spectra were characterized b y  R D A  reactions, no in
form ation  could  be obtained id en tify in g  w hich chlorine was rem oved  during hydrodechlorina
tion.

Fig. 1. Chromatograms of T oxaphene and  its hydrodechlorination products (OV-1 colum n w ith  
MS partia l identification of com ponents)

F igu re  1 shows OV-1 chrom atogram s of the Toxaphene reactan t used and its typ ica l reac
tion  p ro d u cts , respectively. B etter  sep aration  of products was ob ta in ed  using the OV-17 colum n  
as in d ica ted  in Fig. 2. Com pounds are partially identified b y  m ass spectroscopy.

H olm stea d  et al. [8] h ave presented  the mass spectra o f  tw o Toxaphene com ponents, 
one a C10H UC17 compound and th e  other  а С10Н ,0С18 com pound. Their results show  th a t for 
both  com pounds no molecular ions are observed in both Cl and  E l  spectra but rather M — C l4' 
ions are th e  heaviest species observed . T his behavior is due to  lo ss o f one gem inal chlorine atom  
from  perchlorinated carbon a tom s to  form  stabilized carbonium  ions. As these chlorines are 
rep laced  b y  hydrogen during reaction , molecular ions should be observed. Therefore, a t high  
co n version , chlorine number id en tifica tio n  of Toxaphene p rodu cts should be accurate, since 
gem in al chlorines should be co m p lete ly  hydrodechlorinated, due to their reactiv ity . On the 
other h a n d , a t low conversion, prod u ct analyses as well as th e  unreacted Toxaphene analyses  
w ill h a v e  serious distribution errors based  on molecular w eigh t m ass determ inations b y  mass 
sp ectrom eter. The delineations for th e  higher chlorine num bers show n in Figs 1 and 2 are 
based o n  b est judgm ent and conta in  som e level of error. W e ind ica te  this by labeling the chlo
rine nu m bers 4 Cl & +  for exam p le.
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Results

C o m p ara tiv e  h y d ro d e c h lo rin a tio n  reac tio n s  of A ldrin  an d  i ts  co rresp o n d 
in g  epoxide D ie ld rin  are i l lu s tra te d  b y  d a ta  in  Figs 3 an d  4 , re sp ec tiv e ly . 
T hese ex p erim en ts  "were m ad e , u s in g  a 61 %  N i on K iese lg u h r (G ird le r  G49) 
c a ta ly s t , w hich  is an  ac tiv e  c a ta ly s t  fo r the. h y d ro d ech lo rin a tio n  o f  D D E  and 
P C B ’s. In  th e se  ex p erim en ts  100 g o f  2 w t %  so lu tions of th e  r e a c ta n t  in  e thano l 
(co n ta in in g  N aO H  10%  in excess o f  th a t  n eed ed  to  n eu tra lize  th e  HC1 produced  
b y  rem oval o f 6 a to m s o f ch lo rine) w ere re a c te d  in  th e  te f lo n  a u to c la v e  over 
50 m g c a ta ly s t  a t  130 °C an d  50 b a r  H 2. F ig u res  3 and  4 show  p lo ts  o f  re la tive

0V - 1 7 GC-MS Analysis of Toxaphene Hydrodechlorinafion 
P ro d u c ts

0 Cl I 1 Cl j 2 Cl I 3 Cl I ACI& + |  5 CIS +

F ig. 2. Chromatogram o f Toxaphene hydrodechlorination products (OV-17 co lu m n w ith MS
partial identification  o f  com ponents)

m ole frac tio n  o f th e  id en tified  species vs. re a c tio n  tim e . C o n sid erin g  on ly  th e  
id en tified  p ro d u c ts , th e  a p p a re n t  s to ich io m e try  for th e  A ld rin  ex p erim en t 
suggested  b y  th e  re su lts  in  F ig . 3 is

C^HgClg
A L D R IN

-+-2H2
-H C 1

С.ЛЕ.С1,12 11 5 _ HC1

— 2HC1 \ + 3 H 2

\
C 1 2 ÍI1 5 C I3

c 12h 12c i4

-2Ho \ +3h2
\

^*12^16^2

C orrespond ing ly  fo r th e  D ie ld rin  ex p e rim e n t in Fig. 4

C„H„CLO
H 2 

- H C I
Г> C,„H„C1,05V-” _ HCI

C12H l0Cl4O

T his b eh av io r can  be exp la ined  as follow s.
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6 LAPIERRE et al.: HYDRODECHLORINATION OF ALDRIN, DIELDRIN AND TOXAPHENE

T h e  fa c t th a t  A ld rin  in i t ia l ly  hydrogenates a n d  loses one chlorine, w hereas 
D ie ld r in  in itia lly  only loses o n e  chlorine in d ic a te s  t h a t  th e  n o n ch lo rin a ted  
o le f in  in  A ldrin is h y d ro g e n a te d  in  th e  in itia l s te p . W e know  from  o u r w ork

F ig . 3 . Distribution of hydrodechlorination  products o f  A ldrin as a function o f tim e

10 100 1000 10000 
Reaction time (min.)

F ig . 4. Distribution of hydrodechlorination  products o f  D ieldrin  as a function o f tim e

w ith  1,2 d ich lo roethy lene  [5] a n d  D D E  [1, 2] t h a t  h y d ro d ech lo rin a tio n  a t  an 
o le fin ic  b o n d  precedes h y d ro g e n a tio n  of an o rig in a lly  c h lo r in a te d  olefinic b o n d , 
w h ic h  is consisten t w ith  th e  r e s u lts  observed h e re . T h e  f i r s t  s tep  is n o t h y d ro 
g e n a tio n  o f  th e  d ich lo ro e th y len e  m oie ty  b u t o f th e  e th y le n e  m o ie ty  along w ith  
r e m o v a l o f  th e  gem inal c h lo r in e . In itia l h y d ro g e n a tio n  o f th e  u n ch lo rin a ted
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o lefin  w ith  th e  concerted  re m o v a l o f one ch lo rine  suggests th a t  A ld rin  (I) is 
adso rbed  m a in ly  in  the  c o n fig u ra tio n  show n below  and  th a t  re a c tio n  proceeds 
a t  its  p o in ts  o f  con tac t* .

Cl Cl

T h is c o n fig u ra tio n  allows h y d ro d e c h lo rin a tio n  o f  one o f  th e  tw o  g em in a l ch lo
rin es  to  p roceed  along w ith  th e  h y d ro g en a tio n  reac tio n  w ith o u t d e so rp tio n  of 
in te rm e d ia te , w h ich  is ty p ica l o f  th e  concerted  b eh av io r observed  w ith  h y d ro 
d ech lo rin a tio n  system s. T he re su ltin g  f irs t  s tep  p ro d u c t (II) co n ta in s  a lip h a tic  
ch lo rines (one secondary  ch lo rin e  adsorbed) w hich  are  h ig h ly  u n re a c tiv e  
co m p ared  to  th e  olefinic ch lo rin es . H ow ever, th e  d a ta  show  t h a t  th is  species

■ 'I Cl

I I I

does reac t to  a  sm all ex ten t, s in ce  C12H 12C14 (III) is fo rm ed  in  a  sing le  step . 
O ne can p o s tu la te  th a t  a d so rp tio n  o f II an d  III in  an  in v e rte d  p o sitio n  a t  th e  
o lefinic ch lo rine  accounts fo r th e  p ro d u c tio n  b y  concerted  step s  o f  C12H 1SC13 
(IV) and  C12H leCl2 (V).

S u b seq u en t rem oval o f e i th e r  an  ad so rb ed  or u n ad so rb ed  ch lo rin e  was 
n o t  d o cu m en ted  ex p erim en ta lly  a n d  th is  w ould  be u n fav o red . H ig h er re a c tio n  
severities w ould  be needed to  show  sig n ifican t q u a n titie s . D ie ld rin , (VI) as 
n o te d , is n o t h y d ro g en a ted  in it ia lly , b u t  a b ro a d  sp ec tru m  o f d e c h lo rin a te d  
re a c tio n  p ro d u c ts  resu lts. One p a th w a y , analogous to  A ldrin , acco u n ts  fo r  th e  
m a jo r  p ro d u c ts  show n in F ig . 4 as show n below .

R em oval o f  one olefinic ch lo rid e  could  also acco u n t for th e  la rg e  a m o u n ts  
o f  C 12H 10Cl4O (V illa and  VUIb) t h a t  are p ro d u ced  from  C12H 9C150  (VII).
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Cl Cl

+  11
-H<

Cl
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S tepw ise rem o v a l o f olefinic ch lo rin e  a to m s w as observed b y  W e is s  and  
K r ie g e r  for 1 ,2 -d ich lo roethy lene  h y d ro d e c h lo rin a tio n , w here v in y l ch lo ride  
w as a m easu rab le  in te rm ed ia te .

A s im ila r se t o f ex perim en ts w as c a rr ie d  o u t w ith  T o x ap h en e . E x p e r i
m e n ta l co n d itio n s and  e s tim a ted  p ro d u c t d is tr ib u tio n  are found  in  T a b le  I .

Table I

Toxaphene hydrodechlorination at 100 °C 50 B A R  
4 —6 w t % Toxaphene in ethanol; 10 gm  Toxaphene gm catalyst 

(N i on Kieselguhr)

Reaction time (hr) 2 4 19

Chlorine atoms/molecule Distribution (%)

0 16.5 32.4 37.2

l 21.4 29.0 25.8

2 29.9 20.3 24.2

3 9.4 2.8 1.2

4 8.5 11.6 10.5

5 5.5 2.0 1.1

6 6.1 1.9

7 1.5

8 1.2

Based on its 68% (w t) chlorine, th e  original T oxaphene contained an average o f 7.8 chlo 
lin e  atom s per molecnle

T hese  resu lts  show  th a t  m ost o f  th e  ch lo rin e  w as easily  rem oved in  th e  f irs t  
tw o  hours an d  th e n  on ly  m inor ch an g es w ere  n o te d  as tim e p ro g ressed . T hese  
re su lts  are  co n s is ten t w ith  an ad so rb e d  c o n fig u ra tio n  for th e  re p re s e n ta t iv e  
h e p ta c h lo ro b o rn an e  as follows.

W ith  such con fig u ra tio n  gem in a l ch lo rines an d  tho se  linked  d ire c tly  to  th e  
su rface  can  be easily  rem oved h u t  o th e r  a lip h a tic  chlorines w ould b e  re la tiv e ly  
in ac tiv e .
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10 LAPIERRE et al.: HYDRODECHLORINATION OF ALDRIN, DIELDRIN AND TOXAPHENE

A  sim ila r p a t te r n  o f  successive h y d ro d ech lo rin a tio n s  has been  o b se rv ed  
w h en  o th e r  p o ly c h lo rin a te d  pestic ides w ere  ex p o sed  to  th e  e lem en ts o v e r a 
p e rio d  o f  severa l y e a rs . Ca r l s o n  et al. [13] r e p o r te d  th a t  M irex, a p o ly rin g  
d o d ecach lo ro d ecan e , y ie ld s com pounds in  w h ich  hydrogen  has rep laced  one 
or tw o  chlorines (as w ell as o x y g en a ted  d e r iv a tiv e s ) . O ur ca ta ly zed  h y d ro 
d e c h lo r in a tio n  is an a logous to  th is  process o f  n a tu r a l  deg rada tion .

*

T he results presented here are part of a U n ited  S ta te s  Environm ental P rotection  A gency  
funded  stu d y  “ Catalytic Conversion of Hazardous and T oxic  Chemicals” , E P A  G rant R  
802-857-01. The work b y  Mr. L a P ie r r e  has been done in  partia l fulfillm ent o f the requirem ents 
for th e  Ph. D. in Chemical Engineering at W orcester P oly tech n ic  Institute.
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P ossib ility  o f quantitative determ ination o f  four minerals o f d ifferent origin  
w ith  different physical characteristics [Z ettlitz  kaolin , Szegilong paper kaolin , Úrkút 
quartz and Sw edish feldspar (orthoclase)] w as investigated  by infrared spectroscopy  
and X -ray powder diffraction. Decrease o f the particle size and change o f th e  disorder 
o f the crystalline state  o f  the sam ples were carried out in a vibrating ball m ill. Correla
tion  functions betw een the average particle size o f  the samples and q u an tita tiv e  data  
derived from  the infrared spectra and X -ray diffractogram s, respectively, are presented.

R ecen tly , considerab le  a tte n tio n  has b een  d raw n  to  th e  d e te c tio n  and  
q u a n ti ta t iv e  d e te rm in a tio n  of th e  c ry s ta llin e  m in era ls  b y  in fra red  sp e c tro sc o p y  
an d  X -ra y  p o w d er d iffrac tion . B o th  m e th o d s  h a v e  som e ad v an tag es  b u t  b o th  
o f  th em  co n ta in  sev era l sources o f e rro r. A cco rd in g  to  th e  experience, h o w ev er, 
a  l i ttle  m ore q u a lita tiv e  and  q u a n ti ta t iv e  in fo rm a tio n  could be in  som e spec ia l 
cases o b ta in e d  b y  in fra red  spec tro scopy  th a n  i t  is to  be accom plished b y  X -ra y  
pow der d iffrac tio n . W hile c h a ra c te ris tic  О — H  stre tc h in g  v ib ra tio n s  o f  th e  
clay  m inera ls  cou ld  be  easily  in te rp re te d  in  th e  in fra red  sp ec tra  o f  th e  a m o r
phous soil, no p ro p e r  X -ra y  d iffrac to g ram s cou ld  be o b ta in ed  from  th e  sam e 
sam ple  [1]. In v e s tig a tio n s  of a h y a lo p ilitic  sy s te m  could  be also c a rr ie d  o u t  b y  
in fra red  sp ec tro sco p y , an d  th e  g lazier phases  o f  th e  m a te ria l could be  se p a ra te d  
from  th e  c ry s ta llin e  ones based  on th e ir  a b so rp tio n  bands [2, 3].

Q u a n tita tiv e  p h ase  analysis o f  th e  m in e ra ls  w ith  X -ra y  pow der d iffra c tio n  
was developed  b y  A l e x a n d e r  et al., N á r a y -S za b ó  an d  P é t e r , a n d  C h u n g  
[4— 10]. I t  w as b ased  on th e  e v a lu tio n  o f th e  re flec tio n  peak  o f th e  in te rn a l  
s ta n d a rd  sam ples.

T he m ain  p ro b lem  of th e  q u a n t i ta t iv e  d e te rm in a tio n  of m in e ra ls  w ith  
b o th  in fra red  sp ec tro sco p y  and  X -ra y  p o w d er d iffrac tion  is th a t  th e  m o st 
im p o r ta n t fac to rs  fo r th e  q u a n ti ta t iv e  a n a ly s is  ( in te n s ity  of an  a b so rp tio n  
b an d  an d  a p e a k  in  th e  d iffrac tog ram s) are  th e  fu n c tio n  o f th e  p a rtic le  size and  
th e  c ry s ta llin e  s ta te  o f th e  sam ple. In  th e  in f ra re d  sp ec tra  of th e  c ry s ta llin e  
m inera ls, due to  th e  effect of c ry s ta llin e  s ta te ,  som e abso rp tio n  b a n d s  becom e 
w ider w hile o th e rs  sh a rp e r, and  o ccasiona lly  som e are  sp lit in to  sev e ra l b an d s  
b y  th e  d eg en era te  v ib ra tio n .
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12 H LAY AY, INCZÉDY: SOLID CRYSTALLINE MINERALS

A n o th e r  serious p ro b le m  is th e  p a rtic le  size o f  th e  sam ple to  be  in v e s t ig a t
ed  b y  in f ra re d  spectro scopy . I t  is w ell-know n t h a t  decreasing th e  p a r tic le  size 
o f  a  sa m p le , an  increase o f  th e  absorbance  o f  th e  ch a rac te ris tic  b a n d s  ca n  be 
o b ta in e d . I f  th e  sam ples are  g ro u n d  by  in te n s iv e  v ib ra tio n  g rin d in g  to  a  so- 
ca lle d  “ am o rp h o u s s ta te ” , th e  shape  of th e  a b so rp tio n  b an d s w ill a p p e a r  as a 
c h a ra c te r is t ic  shape o f th e  co m p le te ly  am o rp h o u s  p h ase  [11— 13].

I n  th e  X -ray  p o w d er d iffrac to g ram s th e  p o sitio n  o f a re flec tio n  p e a k  
re fe rs  to  th e  q u a lity  o f th e  sam p le  w hile th e  a re a  o f th e  p eak  re la te d  to  an y  
p ro p e r ly  selec ted  in te rn a l s ta n d a rd  is a m easu re  o f  th e  q u a n tity  o f a n y  m in e ra ls . 
T h e  in te n s i ty  o f ce rta in  line  d ep en d s on th e  p a r t ic le  size of an  in d iv id u a l c ry s ta l  
u n i t  o f  th e  solid sam ple in  b o th  th e  D eb y e -S ch e rre r  an d  d iffra c to m e te r  te c h 
n iq u e s . C onsequen tly , in  th e  in v e s tig a tio n  o f  sam p le s  of th e  sam e o rig in  b u t  d if
f e r e n t  c ry s ta llin e  s ta te s  a n d  p a r tic le  sizes, th e  a rea s  of th e  p ro p e rly  se lec ted  
p e a k s  m a y  differ co n sid e rab ly . I f  th e  p a rtic le  size is unknow n  and  th e  c ry s ta llin e  
s ta te s  o f  th e  sam ples u sed  fo r  th e  ca lib ra tio n  cu rv e  are d ifferen t, 100%  e rro r  
m a y  b e  easily  accom plished  in  th e  q u a n t i ta t iv e  d e te rm in a tio n .

I n  th is  w ork effects o f  th e  change of th e  p a r tic le  size and c ry s ta llin e  s ta te  
o f  so m e  m inera ls  on th e  in f ra re d  sp ec tra  a n d  X - ra y  pow der d iffrac to g ram s are  
d isc u sse d  in  detail.

Experimental

T he infrared spectra were taken  on a Zeiss M odel U R -10  spectrophotom eter in  K B r-pel- 
le t  w ith o u t com pensation. P ellets were prepared under str ictly  identical conditions to  allow  
for th e  com parison of the different spectra. *-*

A  dilution  m ethod w as used to prepare the pelle ts and to minimize the error of  
w eig h in g . One mg sample w as im bedded in 800 m g potassium  bromide. The X -ray  pow der  
diffractogram s were taken on a Model 1051 P hilips w ide-angle powder d iffractom eter at 
1.5405  Á  w ave length (CuK aaverage). All the diffractogram s were recorded on 0.5 g sam ples  
T he sam p les were subjected to in tensive  shaking for a long  period to avoid the orien tation  ef
fe c t .

100 g air-dry sample was ground in a 1-liter v ib ration  ball mill. The total grinding tim e  
w as 10 days. Samples were taken  daily  and the infrared spectra and X -ray powder d iffracto
gram s w ere recorded. The particle size of the unground and samples ground for 10 days were 
d eterm in ed  by an autom atic particle counter (C lassim at L eitz , W etzlar, G FR ) and also from  
e lectro n  m icroscopic pictures.

T able I shows the characteristic wavenum bers in  th e  infrared spectra and peaks in  the  
X -r a y  pow der diffractograms.

Table I

Sample
Infrared

X-ray
Awavenumber

cm-1 assignments

K aolins 3705, 3630 О —H stretching vibration 7.16

Q uartz 800 Si —0  sym m etrical stretching vibration 3.346

695 Si —0  bending vibration

F eldspar — — 6.463

N o proper infrared absorption bands were found for feldspar
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Results and discussion

Van  d er Marel  and Zw ier s  [14] p o in te d  o u t th a t  th e  in fra red  a b so rp 
tio n  b an d  a t  3705 c m -1 is th e  s tre tc h in g  v ib ra tio n  o f 0 — H  groups lo c a te d  
b e tw een  th e  o c ta h e d ra l and  te tr a h e d ra l  la y e rs , an d  th e  ab so rp tio n  b a n d  a t 
3630 c m -1  is an  О — H  stre tc h in g  v ib ra tio n  w ith in  th e  o c tah ed ra l lay e rs . T hese  
tw o  d iffe ren t О — H  groups can  on ly  be an a ly sed  b y  in fra red  sp ec tro sco p y .

Change o f  th e  absorbance  a t  3705 c m -1  as a fu n c tio n  o f th e  g rin d in g  tim e  
passes th ro u g h  a m ax im um  [15— 17]. T h e  deg ree  o f d iso rder in  th e  c ry s ta l  
la tt ic e  o f th e  k ao lin s  due to  th e  g rin d in g  w as ch a rac te rized  b y  in te n s ity  ra t io  
o f th e  tw o 0 — H  stre tch in g  v ib ra tio n  b an d s . I t  w as p ro v ed  b y  X -ra y  p o w d er 
d iffrac to g ram s, e lec tro n  m icroscopic p ic tu re s  a n d  th e rm a l m easu rem en ts  t h a t  
th e  ra tio  o f th e  ab so rp tio n  b an d s  is h igher in  a p o o rly  o rdered  k ao lin  th a n  in  
th e  well o rd e red  o rig inal one.

T he av erag e  p a rtic le  size o f  th e  k ao lin s sam p led  da ily  w as c a lc u la ted  by  
th e  sem i-em pirica l ex p o n en tia l fu n c tio n  o f  A lja v d in  [21]. T he c o rre la tio n  
fu n c tio n  for th e  Z e ttl i tz  kaolin  w as found  to  be  th e  follow ing:

у  =  0 .2 0 ------1- 0 .48
d

a n d  for th e  Szegilong paper k ao lin

y  =  0.0225 —  +  0.64 
d

( 1 )

( 2 )

w here: у  =  ab so rb an ce  ra tio  o f  tw o  0 — H  s tre tc h in g  v ib ra tio n s  (ca lcu la ted  
fro m  th e  in fra red  sp ec tra )

( У  —  ^ З б 3 0 с т - М з 7 0 5  с т - )

d — av e rag e  partic le  size o f  th e  sam ples.
T he cu rves o f  th e  fu n c tio n s a re  show n in  F igs 1 an d  2.
I t  can  be seen from  th e  h y p e rb o lic  cu rv es  t h a t  below  th e  3 /im  p a r tic le  

size lim it th e re  is a considerab le  ch an g e  in  th e  s ta te  o f th e  c ry sta llin e  s tru c tu re . 
B y  com paring  th e  tw o co rre la tio n  fu n c tio n s  a n d  th e  shapes o f th e  cu rv es  i t  
can  be estab lish ed  th a t  a m ore p ro n o u n ced  decrease  of th e  re g u la r ity  o f  th e  
well o rdered  c ry s ta l  la ttic e  o f Z e ttl i tz  k ao lin  is o b ta in e d  in  an  eq u a l g rin d in g  
p e rio d  as in  th e  o rig ina lly  p o o rly  c ry s ta lliz ed  p a p e r  kao lin . In  th e  q u a n t i ta t iv e  
d e te rm in a tio n  o f  kao lins a m uch  b e tte r  a c c u ra cy  an d  rep ro d u c ib ility  can  be 
ach ieved  above a p a rtic le  size o f  3 f im  an d  below  th is  lim it th e  d e te rm in a tio n  
will be ra th e r  u n c e rta in .

The changes in  c ry s ta llin ity  o f  a m in era l b y  g rin d in g  can  be m ost p rec ise ly  
follow ed b y  X - ra y  pow der d iffrac tio n . A ccord ing  to  experience th e  p e a k  h e ig h t
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14 ’ H LAV AY, INCZÉDY: SOLID CRYSTALLINE MINERALS

o f  a  b a sa l reflec tion  changes w ith  th e  decrease  o f th e  p a rtic le  size a n d  th e  p eak  
a re a  c a n  be assum ed to  be c o n s ta n t. T h ere fo re , th e  decrease o f a se lec ted  p eak  
a re a  is caused  by  an  in c rea se  o f th e  s t ru c tu ra l  la ttic e  d isorder. T he deg ree  of 
th e  o rd e r  in  c ry s ta llin ity  (*) w as derived  fro m  th e  ra tio  o f th e  p eak  a reas  o f  th e

F ig . 1. Absorbance ratio (y ) calculated from  the IR  spectra vs. average particle size (d) (Z ettlitz
kaolin)

F ig . 2. Absorbance ratio (y ) calculated  from the IR  spectra vs. average particle size (d) (Szegi-
long paper kaolin)

o r ig in a l an d  g round sam ples a t  a p ro p e rly  chosen  b asa l re flec tio n  in  th e  X -ra y  
p o w d e r  d iffrac tion  p a tte rn s  (see T ab le  I).

T h e  corre la tion  fu n c tio n s  be tw een  th e  average  p a rtic le  size (d ) a n d  th e  
o rd e r  o f  th e  cry sta l la t t ic e  (íc) are  as fo llow s: (F ig . 3)

*  =  0.88 d l/2 —  0.11 (3)
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fo r Z e ttlitz  kao lin , an d
* =  0.128 d 2 +  0.36 ( 4 )

fo r Szegilong p a p e r k ao lin ,
w here  x  — th e  degree o f th e  o rd e r derived  from  th e  X -ra y  d iffrac to g ram .

I t  follows from  E q s  3 an d  4 th a t  below  th e  2 p m  p a rtic le  size lim it 
th e re  is a la rger ch an g e  in  th e  basa l re flec tio n  p eak  o f Z e ttlitz  k ao lin  w hile 
above th is  lim it, due to  th e  p a rab o lic  fu n c tio n , th e  o rd e r in  th e  Szegilong p ap e r 
k ao lin  decreases co n sid e rab ly . T he ex p lan a tio n  lies in  th e  fa c t th a t  th e  h a rd e r

Fig. 3. Degree of order (ж) calculated from the X -ray diffractogram s vs. average particle size  
(d) (Z ettlitz  kaolin and Szegilong paper kaolin)

Z e ttlitz  kao lin  b reak s in to  sm aller pieces a t  f ir s t ,  b u t  la te r  th e  p r im a ry  pa rtic le s  
a d h e re  to  secondary  agg lo m era tes  an d  a decrease in  th e  d iso rd er o f  th e  la tt ic e  
is observ ed . T hese p h en o m en a  a re  well rep re sen ted  b y  th e  sq u are  ro o t fu n c tio n , 
since th e  value  o f  x  does n o t change g re a tly  a t  a la rg e r p a rtic le  size ( >  3 /tm ).

T h is cond itio n  is rev e rsed  w ith  th e  p a p e r  k ao lin , w hich  is o rig inally  
p o o rly  c ry sta llized , because  th e re  is a considerab le  a m o u n t o f am o rp h o u s m a
te r ia l  a t  th e  b eg inn ing  o f  th e  g rin d in g  and  th e  decrease  o f th e  o rd e r becom es 
s lig h t in  th e  sm aller p a rtic le  size range.

I t  was conc luded  from  th e  re su lts  o f b o th  a n a ly tic a l m e th o d s  (in frared  
sp ec tro sco p y  and  X -ra y  pow der d iffrac tion ) th a t  th e  degree o f c ry s ta l  la ttic e  
o rd e r essen tia lly  depended  on th e  decrease o f th e  p a rtic le  size, especia lly  b e 
low th e  2 pm  lim it. B y  co m p arin g  th e  x  vs. d  an d  th e  у  vs. d fu n c tio n s , it  
can  be seen th a t  th e  q u a n ti ta t iv e  d e te rm in a tio n  o f th e  m inera ls  b y  X -ray  
pow der d iffrac tion  is m ore in a c c u ra te  th a n  using  th e  in fra red  m e th o d , due to  
th e  lack  of “ c o n s ta n t sec tio n s”  in  th e  cu rves. T h erefo re , sam ples o f s tr ic tly  
id e n tic a l p a rtic le  size an d  c ry s ta llin e  s ta te s  m ay  be co m p ared  only .
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16 HLAVAY, INCZÉDY: SOLID CRYSTALLINE MINERALS

I t  m u s t be n o te d  t h a t  e ach  o f th e  sam ples in v e s tig a te d  b y  in f ra re d  and 
X - r a y  m e th o d s  co n ta in ed  w ell c ry sta llized  an d  p o o rly  c ry s ta llized  frac tio n s  as 
w ell. T h e  ra tio  of th e se  fra c tio n s  w as sh ifted  b y  g rin d in g  to w ard s  th e  poorly- 
c ry s ta ll iz e d  s ta te  b u t  th e  c o m p le te ly  am orphous s ta te  has n o t b een  achieved 
y e t .  I t  w as proved  b y  in v e s tig a tin g  sam ples g ro u n d  fo r 10 day s t h a t  th e  p osi
t io n  a n d  in te n s ity  o f th e  re flec tio n  peaks could  be  w ell m easu red .

S im ila r in v es tig a tio n s  w ere  p erfo rm ed  on th e  Ú rk ú t q u a r tz  an d  th e  
S w ed ish  fe ld spar (o rthoc lase). T h e  d e te rm in a tio n  o f  th e  well c ry s ta lliz ed  q u a rtz  
in  th e  p resence  of th e  am o rp h o u s  one has been  in v e s tig a te d  b y  m a n y  sc ien tis ts  
[2, 17, 22 , 23]. The in f ra re d  spectroscop ic  d e te rm in a tio n  is b ased  on th e  ab-

F ig. 4 . Absorbance ratio (y ) calcu lated  from  the IR  spectra vs. average particle size (d) (Úrkút
quartz)

so rb a n c e  ra tio  a t 802 c m -1  (S i— О sy m m etrica l s tre tc h in g  v ib ra tio n )  an d  a t 
695 c m -1  (Si— 0  b en d in g  v ib ra tio n )  due to  th e  fa c t  th a t  th e re  is on ly  one a b 
s o rp tio n  b an d  a t 800 c m -1  in  th e  am orphous q u a r tz . S u b seq u en tly , i f  th e  
s a m p le  co n ta in s am o rp h o u s  frac tio n s , th e  ra tio  o f ^ о гс т - '/^ б Э Б с т -1 ( j )  *s 
h ig h e r  [2].

A s a function  of th e  av e rag e  p a rtic le  size у  w as fo u n d  as follow s: (F ig . 4) 

у  =  — 0.228 d 2 +  7.0 (5)

I t  c an  be seen from  th e  sh ap e  o f  th e  cu rv e  t h a t  th e  decrease  o f c ry s ta l
l in i ty  o f  Ú rk ú t q u a rtz  w as c o n tin u o u s  up to  a v a lu e  of у  =  7.0 w h ich  w as th e  
a s s y m p to te  of the  fu n c tio n . T h e  e x te n t of th e  ch an g e  was sm alle r a t  th e  sm aller 
p a r tic le s  th a n  a t  th e  la rg e r  ones.

B ecau se  of th e  p o ss ib ility  o f th e  in accu racy  o f  th e  q u a n ti ta t iv e  d e te rm i
n a t io n , d u e  to  th e  u n c e r ta in  am o rp h o u s p a r t  o f q u a r tz , sam ples o f id en tica l 
p a r t ic le  size frac tions a n d  c ry s ta llin e  s ta te  can  be  on ly  used  fo r th e  m easure-
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HLAVAY, INCZÉDY: SOLID CRYSTALLINE MINERALS 17

m en ts  [22, 23]. A  lin e a r  fu nc tion  w as fo u n d  b e tw een  th e  av e rag e  p a r t ic le  size 
(d ) an d  th e  o rd e r o f  th e  q u a rtz  (x ) defined  ab o v e  as: (Fig. 5)

* =  0.20 d  +  0.37 (6)

A ccord ing  to  E q . 6, i t  can  be rea lized  t h a t  th e re  is no p ro p e r  ra n g e  for 
th e  q u a n t i ta t iv e  d e te rm in a tio n  o f q u a r tz  d u e  to  th e  lack  o f a s ta n d a r d  section  
in  th e  cu rv e . C o n seq u en tly , th e  a m o u n t o f  q u a r tz  in  a silicate o r  a  so il sam ple

Fig. 5. Degree o f order (ж) calculated from the X -ray  diffractograins vs. average particle size (d)
(Úrkút quartz)

can  n o t  be  d e te rm in e d  m ore accu ra te ly  b y  X -ra y  pow der d iffra c tio n  th a n  by  
in fra re d  sp ec tro sco p y .

B y  in v e s tig a tin g  a p ro p erly  selec ted  in f ra re d  b and  of th e  S w ed ish  fe ld sp ar, 
i t  cou ld  be  e s tab lish ed  th a t  du ring  g rin d in g  o f  th e  m ineral f ir s t  a m illing  and  
la te r , d u e  to  th e  m echanochem ical re a c tio n s , agglom eration  ta k e s  p lace  [15].

A  c loser look a t  th e  phenom enon  o f g rin d in g  of fe ldspar can  be  o b ta in ed  
b y  th e  X - ra y  pow der d iffrac tian  p a t te rn .  A po lynom ial fu n c tio n  w as found  
be tw een  th e  av erag e  p a rtic le  size (d ) a n d  th e  o rd e r (x ) o f th e  fe ld sp a r  sam ples 
as follow s (F ig . 6):

* =  0.03 d 2 5 +  0.22 (7)

T h e  sh ap e  o f th e  cu rv e  in  Fig. 6 show s t h a t  below  th e  2 /a n  p a r tic le  size lim it 
o n ly  sm all changes in  th e  order o f th e  c ry s ta llin e  s ta te  are  o b ta in e d  a n d  th is  
m akes th e  q u a n t i ta t iv e  d e te rm in a tio n  b y  m ean s of X -ray  p o w d er d iffrac tio n  
possib le.

I t  c an  be conc luded  th a t  th e  q u a n t i ta t iv e  d e te rm in a tio n  o f  m in era ls  b y  
in fra red  sp ec tro sco p y  an d  X -ray  p o w d er d iffrac tio n  can only  be  c a rr ie d  o u t 
on sam ples o f  s tr ic tly  id en tica l p a r tic a l size an d  o rder o f th e  s t ru c tu re .  I t  is 
seen fro m  th e  e q u a tio n s  th a t  va luab le  in fo rm a tio n s  can be o b ta in e d  from  th e
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cu rv es  o f  abso rb an ce  ra tio  vs. g rin d in g  tim e  fo r th e  o rig inal q u a lity  a n d  s ta te  
o f th e  d if fe re n t  m inerals. T h e  cu rv es  help  us to  choose  th e  m ost su itab le  p a r tic le  
size r a n g e  fo r  q u a n tita tiv e  d e te rm in a tio n s .

Fig. 6. D eg ree  of order (x) calculated from  the X -ray diffractogram s vs. average particle size (d)
(Swedish feldspar)

*

T he authors greatly appreciate the help of Dr. K . JÓNÁS and Dr. S. Elek for tak ing  the  
infrared sp ectra  and X-ray diffractogram s.
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The interfacial tension and film  form ing ab ility  o f hydrocarbon fractions con
taining porphyrins are studied in water/benzene system s. A correlation o f  these  charac
teristics to porphyrin, nitrogen, and hetero elem ent content, and C/H ratio is attem p ted . 
Afeso-tetraphenyl-porphyrin, the vanadium - and the nickel com plex are used  as ref
erence. I t  has been found that com pounds w ith  h igh hetero elem ent con ten t in natural 
hydrocarbon, m ainly those w ith  high oxygen  content, decrease interfacial tension, 
while h igh ly  conjugated, unsaturated hydrocarbons decisively enhance film -form ation . 
The possible role o f porphyrins is depending not on ly  on concentration b u t ty p e  too.

In tro d u c tio n

In  a d d itio n  to  th e ir  role in  th e  se tt l in g  o f  geochem ical q u e s tio n s , th e  
p o rp h y rin s  are  im p o r ta n t  because th e  o rig in  o f  a n u m b er o f p ro b le m s in  oil 
p ro d u c tio n  an d  p rocessing  is ju s t  of w h a t ty p e  an d  c o n c e n tra tio n  th e y  are  
p re se n t in  c ru d e  oils.

Lottermoser [1], Morrel [2], U r en  [3] and  th e ir  co lleagues found , 
in  th e  f irs t  th ird  o f th is  c en tu ry , th a t  th e  fo rm a tio n  o f som e w a te r- in -o il 
em ulsions w as cau sed  b y  a sp h a lten e -ty p e  co m p o n en ts , am ong th e m  b y  high- 
m o lecu la r w e ig h t com pounds c o n ta in in g  h e te roe lem en ts. S u b se q u e n tly , 
D enek as  [4], D odd  [5], D unning  et al. [6] s ta te d  th a t  v a n a d y l a n d  nickel 
p o rp h y rin  com plexes w ere th e  p rin c ip a l co m p o n en ts  o f these  n a tu r a l  su rfa c 
ta n ts .  B ak er  [7 ], th e n  H odgson , and  H itchon  [8] suggested  t h a t ,  ow ing  to  
th e ir  s u rfa c ta n t c h a ra c te r , th e  p o rp h y rin  com plexes, like o th e r  p o la r  com 
p o u n d s, help  th e  n a tu ra l  h y d ro carb o n s to  m ig ra te  in  aqueous p h ase .

T he film  fo rm in g  a b ility  o f c rude  oils w as d iscussed f ir s t  b y  D u n n in g  
[6] an d  D en ek a s  [4]. R iesber g , and  D oscher  [9] found  th a t  d isp la c e m e n t 
efficiency of oils g re a tly  depends on th e  p resen ce  o f rig id  film s w h ich  fo rm  a t 
w ate r/o il in te rfa c e . L a te r  D enek as et al. [10] p ro v ed  th a t  in  th e  case  o f  p e tro 
leum  co n ta in in g  p o la r  com pounds in  g re a t c o n c e n tra tio n , th e  sp o n ta n e o u s  im - 
b ititio n  ra te  o f w a te r  b y  porous m edia is low er th a n  i t  w ould  be  o th erw ise . 
I t  w as D o d d  [11], how ever, w ho u ltim a te ly  recognized  th a t  th e  cau se  o f  th e  
p h enom enon  w h ich  ad v erse ly  affects d isp lacem en t efficiency is, on th e  one
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h a n d , t h e  g re a t v isco sity  a n d  th e  n o n -n ew to n ian  c h a ra c te r  o f th e  rig id  film  
fo rm e d  a t  th e  w ater/o il in te rfa c e , and  on th e  o th e r  h an d , th e  p o ss ib ility  t h a t  
th is  f i lm  m a y  p lug  th e  c ross-sec tion  of free flo w  in  h y d ro ca rb o n  fo rm a tio n s .

Results and discussion

T h e  pu rpose  o f th is  s tu d y  was to  look  fo r  a co rre la tion  b e tw een  th e  
p o rp h y r in  c o n te n t o f v a rio u s  k in d s  of H u n g a ria n  c ru d e  oils or o f v a rio u s  p e tro 
leu m  f ra c tio n s  an d  in te rfa c ia l tension , an d  f ilm -fo rm in g  ab ility  re sp ec tiv e ly . 
T h e re fo re , th e  p o rp h y rin  c o n te n t  of th e  su b s ta n c e s  s tu d ied  h ad  to  b e  d e te r 
m in e d , q u a lita tiv e ly  as w ell as q u a n tita tiv e ly , b e fo re  ev e ry th in g  else. T h ere fo re , 
th e  p o rp h y r in s  to  be fo u n d  in  p e tro leu m  sam p les  w ere  co n cen tra ted , th e n  th e  
c o m p lex es  w ere id en tified  b y  m eans of s ta n d a rd  sp ec tro p h o to m e tric  m e th o d s  
[12, 13 ].

T h e  sam e typ es o f p e tro le u m  w ere in v e s tig a te d  as d ea lt w ith  in  th e  p ap e rs  
p re v io u s ly  m en tioned . I n  o rd e r  to  avoid  re p e ti t io n , th e  read e r is re fe rred  also 
to  F ig u re  1 in  th a t  co m m u n ica tio n ; th is  f ig u re  c a n  serve as a g u ide  to  th e  
o rig in , a n d  to  th e  p lace o f  a g iven  h y d ro ca rb o n  f ra c tio n s  in  th e  sy stem  o f se p a 
ra t io n .

A  c e r ta in  m easure  o f c o n tra d ic tio n  b e tw e e n  d a ta  in  th e  l i te ra tu re  unes- 
c a p a b ly  su g g ested  th a t  d ecrease  of in te rfac ia l te n s io n , an d  film -fo rm ing  a b ili ty  
o f th e  h y d ro c a rb o n  frac tio n s  w ere  due also to  co m p o u n d s o th e r th a n  p o rp h y 
rin s . T h e re fo re , th e  h y d ro c a rb o n  frac tions o b ta in e d  b y  sep ara tio n  w ere s tu d ie d  
ev en  i f  th e y  co n ta in ed  on ly  tra c e s  o f p o rp h y rin s .

T h e  p e n d e n t d rop  m e th o d  [14] w as used  to  m easu re  th e  in te rfac ia l te n s io n  
an d  f ilm -fo rm in g  a b ility  o f  h y d ro ca rb o n  f ra c tio n s . Since th e  co nsistence  o f 
th e se  h y d ro c a rb o n  fra c tio n s  p rec lu d ed  d ire c t u se  o f  th e  w a te r -h y d ro c a rb o n  
sy s te m , in te rfa c ia l ten s io n  w as d e te rm in ed  on th e  b asis  o f th e  specific  p ro p e r 
ties o f  d ro p s  w hich w ere fo rm ed  in  th e  aqueous p h a se , from  a so lu tion  in  b en zen e . 
T h e  h y d ro c a rb o n  c o n te n t o f th e se  so lu tions w as 5 g d m -3  in  every  case .

T h e  reference is th e  a 0 o f  th e  pu re  b e n z e n e -w a te r  system . R e su lts  are  
p re s e n te d  as th e  change in  tim e , o f th e  d iffe rence  zJcr =  a0 —  Gx b e tw een  th e  
in te r fa c ia l  ten sio n s o f th e  tw o  system s. To a t ta in  th e  equ ilib rium  v a lu e  g e n e r
a lly  40  m in u te s  were needed .

I n  o rd e r  to  lay  th e  p re lim in a ry  d a ta  fo r o u r  s tu d y , th e  in te rfac ia l ten s io n s  
o f  th e  o rig in a l p e tro leu m  sam ples in  benzene w ere  de te rm in ed  f ir s t ;  th e n  th e  
A a  v a lu e s  w ere m easu red  fo r th e  e x tra c ts , fo r  th e  frac tio n s o b ta in ed  b y  deas- 
p h a l ta t io n  an d , fin a lly  fo r th e  frac tions e lu a te d  fro m  silicagel co lum ns [13].

A s exam ples ta k e n  a t  ra n d o m , th e  A a  c u rv e s  fo r th e  orig inal p e tro le u m  
sa m p le s  a re  show n in  F ig . 1, w hile  F igs 2 an d  3 show  such  curves for th e  a s p h a l
te n e -f re e  frac tio n s , and  iso -o c tan e  asp h a lten es  re sp ec tiv e ly , w hich are  se p a ra te d
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Fig. 1. /1(7 o f  the petroleum  sam ples studied , as a function o f tim e

So lu b le  in i s o - o c t a n e

i s o - o c ta n e  acetonitr ile

F ig. 2. A a  o f iso-octane soluble fractions o f acetonitrile extracts as a fun ction  o f tim e. The 
fractions were eluated from  silica gel colum ns b y  iso-octane (a) and aceton itr ile  (b)

b y  d iffe ren t so lvents (iso -oc tane , cyc lohexane  and  ace to n itrile ) on  silicagel 
co lum ns w e tted  w ith  a ce to n itr ile .

N o s ta te m e n t v a lid  fo r  a ll th e  sam ples can be found  u p o n  th e  d a ta  ob
ta in e d . T h e  find ings, w h ich  rev ea l a te n d e n c y ; suggest sp ec ific ity  b o th  acco rd 
in g  to  th e  oil ty p e  an d  to  th e  n a tu re  o f  th e  frac tio n  (fu n c tio n a l g ro u p  o r ty p e  
o f  co m pound). G eneral conclusions can  be sum m arized  as follow s.
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a)  T h e  in te rfac ia l te n s io n  of benzene /w ater sy s te m  w as decreased  m o st 
b y  sa m p le s  from  N ag y len g y e l, w h ich  con ta in  th e  g re a te s t  a m o u n t of p o rp h y rin  
a n d  o f  a sp ha ltenes am o n g  th e  H u n g arian  c ru d e  oils.

b)  T h e  in te rfac ia l te n s io n  m easured fo r  th e  b en zen e /w ate r sy s tem  is 
h a rd ly  a t  a ll affected  b y  th e  o th e r  petro leum  sam p les  w hich  co n ta in  p o rp h y rin s  
in  r e la t iv e ly  low c o n c e n tra tio n .

c)  T h e  ex trac ts  o b ta in e d  w ith  ace to n itrile  a p p e a r  in  th e  sequence  as 
sh o w n  fo r  crude  oils in  F ig . 1.

Inso lub le  in i s o - o c ta n e
cyclohexane a ce to n i t r i l e

F ig. 3. A o  o f  iso-octane asphaltenes o f  acetonitrile extracts as a function of tim e. The fractions 
were eluated from silica gel columns by cyclohexane (a) and acetonitrile (b)

d )  S ubsequen t to  r e m o v a l of asphaltene  w ith  iso -octane , th e  in te rfa c ia l 
a c t iv i ty  o f  asphaltenes is a lw a y s  g rea ter th a n  r e s t  o f  th e  e x tra c ts  so luble in 
iso -o c ta n e .

e)  T he  c h ro m a to g ra p h ic  frac tions e lu a te d  w ith  ace to n itrile  are  m ore 
a c tiv e , as a rule, th a n  th e  o th e r  ones.

A fte r  all, in te rfac ia l te n s io n  of a b en zen e /w ate r sy s tem  is decreased  m o st, 
in  e v e ry  case, b y  h y d ro c a rb o n  frac tio n s w hich are  en rich ed  also in  p ro p h y rin s .

T h e  film -form ing a b i l i ty  w as observed v isu a lly . A t re tra c tio n  of th e  o b 
se rv ed  d ro p  of so lu tion  in to  th e  capillary , a t  a c e r ta in  d im ension of th e  d rop  
o f a  su b s ta n c e  th a t  te n d s  to w a rd s  film -fo rm atio n , i ts  su rface  sc in tilla tes  and  
c rea se s : a  rig id  film  a p p e a rs  u p o n  it. The specific  c h a ra c te r  of th e  p e tro leu m  
a n d  th e  co n cen tra tio n  o f  th e  film -fo rm ing  su b s ta n c e s  d e te rm in e  [15] a t  w hich  
p o in t d u rin g  re trac tio n  th is  phenom enon  is o b se rv ab le .

T h e  s ta tem en ts  t h a t  c a n  be p u t fo rw ard  co n cern in g  th e  film -fo rm ing  
a b il i ty  o f  sam ples are th e  fo llow ing .
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a)  F ilm -fo rm in g  a b ility  was o b se rv ed  a t  35%  o f th e  h y d ro c a rb o n  frac
tio n s  te s ted .

b )  O nly  one am ong  th e  in itia l p e tro le u m  sam ples, i.e. th e  H u n g a rian  
p e tro leu m  m a rk e d  L-143, and  every  f ra c tio n  o f i t  give a p o sitiv e  re su lt.

c)  W ith  a few  excep tions, a s tro n g  te n d e n c y  to  form  a f ilm  is ev id en t in 
th e  case o f iso -o c tan e  asp ha ltenes an d  th e ir  co lum n ch ro m a to g rap h ic  frac tions.

d)  C o n s titu e n ts  so luble in  iso -octane , an d  th e ir  co lum n c h ro m a to g rap h ic  
frac tio n s , show  a film -fo rm in g  a b ility  o n ly  in  a few  in stan ces.

In  th e  fu r th e r  course of these  s tu d ies  a co rre la tio n  w as so u g h t, b y  m eans 
o f m a th e m a tic a l s ta t is t ic s , of th e  eq u ilib riu m  in te rfac ia l ten s io n , o f th e  frac 
tio n s  to  p o rp h y r in  c o n te n t as well as to  th e  e lem en ta ry  co m p o sitio n  o f  th e  
frac tio n s .

The e v a lu a tio n , ca rried  ou t by  m eans o f  n o n -p a ram e tric  s ta t is t ic a l  m e th 
ods, subsum ed  th e  se t o f d a ta  o b ta in e d  b y  cross checks on  p a ra m e te rs  
m easu red  fo r 45 h y d ro c a rb o n  frac tions. T h e  d im ension  o f th e  m a tr ix  c o n s tru c t
ed fo r th is  p u rp o se  w as 45 X 7, th e  se t o f d a ta  w as s tan d a rd ized  fo r th e  sake  of 
hom ogeneous d e r iv a tio n .

T he n o n -p a ra m e tr ic  s ta tis tic a l m e th o d  w as reso rted  to  p a r t ly  because th e  
re la tiv e  p a u c ity  o f  sam ples: th e  ra n k  c o rre la tio n  coeffic ien ts acco rd ing  to  
S p earm an , an d  th e  so-called  conform ance fa c to rs  accord ing  to  K en d a ll, were 
de te rm in ed .

T he re la te d  d a ta  a re  collected in  T ab le  I ,  and  show n in  F igs 4 an d  5. 
D o ts  in  th e  f ig u res  m a rk  substances w hich  show  also a film -fo rm in g  ab ility .

Table I

Conformance factors according to the K endall method

A ct cp o rp h y rin

cporphyrin 0.379 —

c N 0.402 0.776

c S + 0 0.626 0.320

C/H 0.502 0.444

T hese d a ta  re f le c t th e  follow ing gen era l p ic tu re .
a )  No c o rre la tio n , expressib le  in  n u m erica l te rm s, o f in te rfa c ia l a c tiv ity  

an d  film -fo rm atio n  to  th e  p o rp h y rin  c o n te n t o f  frac tio n s, can  be  com posed  in 
th e  dom ain  s tu d ied .

b )  T en d en cy  to w a rd s  film -fo rm atio n  is d u e  to  th e  p resence  o f  highly  
c o n ju g a ted , u n s a tu ra te d  h y d ro carb o n s (C /H  ra tio  9 .5 — 13) w hich  c o n ta in  also 
m uch  n itrogen  (0.8 —3 p e r cen t), occasionally  m uch  su lp h u r an d  oxygen .
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c)  C om pounds o f h ig h  su lp h u r  an d  oxygen  c o n te n ts  in  th e  n a tu ra l  
h y d ro c a rb o n s  decrease th e  in te r fa c ia l  ten sion . A m ong  th e se , c e rta in ly  co m 
p o u n d s  o f  h igh  oxygen c o n te n t  p la y  a decisive an d  im p o r ta n t  role (K en d a ll 
co e ffic ien t 0.626).

F ig . 4. A a  and film-forming ten d en cy , as functions of porphyrin content (a), and o f nitrogen
content (b)
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Fig. 5. A a  and film  forming ten d en cy , as functions o f the sulphur, oxygen content o f the frac
tio n s (a), and of the C/H ratio (b)

A ll th e  frac tions s tu d ie d  co n ta in  p o rp h y rin , b u t  th is  p o rp h y rin  c o n te n t 
v a r ie s  w ith in  a re la tiv e ly  n a rro w  ran g e . T his is th e  m o st likely  cause  w h y  no 
d e f in ite  num erica l c o rre la tio n  o f  p o rp h y rin  c o n te n t to  in te rfac ia l a c t iv i ty  can  
b e  fo u n d . Y e t th e re  m a n ife s te d  th e  ten d en cy  o f h y d ro c a rb o n  fra c tio n  w ith in
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one so rt of p e tro le u m  enriched  in  p o rp h y rin s  in  th e  course o f f ra c tio n a tio n  to  
decrease in te rfa c ia l ten s io n  m ost, re sp ec tiv e ly  th e  ten d en cy , am ong  th e  several 
p e tro leu m  sam ples ( th e  one m arked  L-143 ex cep ted ), o f frac tio n s, w ith  h ig h er 
p ro p h y rin  an d  a sp h a lte n e  co n ten t to  be  m o re  ac tiv e  and  m ore lia b le  to  form  
film .

In  o rd er to  p ro v e  th is , we m easu red  th e  q u ilib riu m  in te rfa c ia l te n s io n  of 
m e so -te tra p h e n y l-p o rp h y r in , and  o f i ts  v a n a d y l-  an d  nickel-com plexes a t  up to  
100 p p m  so lu tio n s in  benzene, aga in st d is tille d  w a te r . These d a ta  a re  co llec ted  
in  F ig u re  6, an d  th e y  unequ ivocally  d e m o n s tra te  th a t  in te rfac ia l te n s io n  is n o t 
ap p rec iab ly  a ffec ted  b y  p o rp h y rin s  p re se n t a t  co n cen tra tio n s below  30—40 
p pm .

Fig. 6. A a  as a function  o f the concentration of m eso-tetraphenyl-porphyrin and its  com plexes

A bove th is  lim it, how ever, th e ir  in te r fa c ia l  a c tiv ity  su d d en ly  in c reases , 
especially  th a t  o f  m e ta l com plexes. As d a ta  o b ta in e d  show , free p o rp h y r in s  do 
n o t decrease co n sid e rab ly  th e  in te rfac ia l te n s io n .

I f  p o rp h y rin s  a t  low  co n cen tra tio n s ( <  30 ppm ) do p lay  som e e ssen tia l 
ro le in  th e  decrease  o f in te rfac ia l ten s io n , th e y  can n o t be b u t c a rb o x y la te d  
p ig m en ts . S tru c tu ra l  in v estig a tio n s in  th e  fra c tio n s  s tu d ied  here do n o t  show  
th e ir  presence ( th e  p ro d u c ts  of th e  d e g ra d a tio n  o f  hem in  during  se d im e n t accu 
m u la tio n  an d  tra n s fo rm a tio n  are  easily  d e c a rb o x y la ted  and  s ta b iliz e d  as 
e th io -p o rp h y rin  [16]). I t  seems m ore p ro b ab le  t h a t  th e re  is a re la tio n  betw een  
p o rp h y rin  c o n te n t an d  film -fo rm ation  a b ili ty . T he p o rp h y rin  r in g  is h igh ly  
co n ju g a ted , has a h igh  co n te n t in  a h e te ro  e lem en t (n itrogen , 8— 10 p e r  cen t), 
its  co n fig u ra tio n  is p la n a r  w ith  eigh t p e r ip h e ra l groups w hich a re  o rien ted  
p ro n e  on th e  w a te r  in te rface . I t  is v e ry  p ro b a b le  th a t  th e  com pression  (d im i
n u tio n  o f th e  d im ension  o f  th e  drop) o f th e  in te rfa c ia l lay e r in  th e  p resen ce  of 
such  com pounds is accom pan ied  b y  an irre v e rs ib le  change: th e  fo rm a tio n  o f a

Acta Chim. Acad. Set. Hung. 102, 1979



26 LAKATOS-SZABÓ: INTERFACIAL PROPERTIES OF PETROPORPHYRINS

rig id  f i lm . T h e  on ly  fa c t c o n tra d ic to ry  to  th is  su p p o sitio n  is found  w ith  p e t ro 
leum  fro m  L ovászi. The p o rp h y r in  co n ten t in  th is  sam p le  is one o f th e  lo w est, 
y e t th e  o il as w ell as its  f ra c tio n s  have  a s tro n g  te n d e n c y  to  form  rig id  film s 
a t  w a te r /o i l  in te rface . All in  all, a t  one p o in t th e  re su lts  of these  te s ts  d iv u lg e  
th e  c o n tra d ic t io n  w hen som e a u th o rs  consider th e  ro le p layed  b y  p o rp h y rin s  
in  in te r fa c ia l  p h enom ena  to  he  decisive [4 6] a n d  o thers deem  th is  ro le  to
he n e g lig ib le  [17]. O bviously , th is  c o n tra d ic tio n  can  be  resolved b y  co n sid e rin g  
f ir s t  th e  ty p e ,  an d  second th e  c o n c e n tra tio n  o f p o rp h y rin s  p resen t in  p e tro le u m .
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The M össbauer stu dy  o f iron dioxim e m ixed com plexes form ed w ith  m onodentate  
nitrogen bases and m olecular orbital calculations based upon experim ental parameters 
w as used for the determ ination  of the effect o f the ligand exchange on the electronic 
structure, i.e. upon the population of a- and л -orbitals, and the effective  charge of the 
iron central atom .

In troduction

M össbauer sp ec tro sco p y  is an a d e q u a te  m e th o d  to  follow  changes in th e  
e lec tro n  s tru c tu re  o f  iro n  com plexes. S everal p ap e rs  [1, 2, 3] dea l w ith  th e  
M össbauer s tu d y  o f  iro n  d im e th y l glyoxim e an d  its  d e riv a tiv e s . Also som e 
n iox im e com plexes o f  iro n  h av e  been s tu d ied  [4, 5] as well as a n u m b e r of iron 
che la tes  in  w hich th e  lig an d s o f th e  chela te  rin g  are  h o u n d  via  n itro g en  to  th e  
iro n  [6, 9].

O ur aim  in  th is  w ork  w as th e  M össbauer spec tro scop ic  s tu d y  o f  th e  m ixed 
iron  com plexes o f  d im e th y l glyoxim e, cy c lo -h exaned ione-d iox im e (nioxim e), 
cy c lo -h ep tan ed io n ed io x im e  (hep tox im e), cyc lo -o c tan ed io n e-d io x im e (oc? ox
im e), an d  iso -p ropy ld ione-d iox im e (propoxim e) w ith  u n id e n ta te  N -d o n o r ligands 
(p y rid in e , picoline, an ilin e  an d  th e ir  deriv a tes) in  o rd e r to  define  th e  effect of 
th e  vario u s c h e la tin g  ag en ts  an d  u n id e n ta te  lig an d s ex e rted  u p o n  th e  electron 
s tru c tu re  of iron .

All th e  s ix  c o o rd in a tio n  sites o f iron  are  occupied  b y  n itro g en  donor 
a to m s in  th e  sy s tem s s tu d ie d . B ased on X -ra y  in v es tig a tio n s  o f  som e iron 
com plexes [12] an d  o f  th e  analogous copper, n ick e l an d  cobaltcom plexes [13] 
i t  can  be assum ed t h a t  in  a ll th e  com plexes s tu d ie d , th e  n itro g e n  donor a tom s 
o f th e  d ioxim e lig an d s  su rro u n d  th e  iron  in  a close to  sq u a re -p la n a r  geom etry  
an d  th e  p y rid in e , p ico line  o r an iline  ligands occupy  th e  ax ia l positions. As an 
ex am p le , th e  s tru c tu re  o f  a n iox im e com plex  [12] is show n in  F ig . 1. In  all of 
these  com plexes th e  d io x im e ligands are held  to g e th e r , a n d  s tre tc h e d  ou t in 
th e  p lan e , by  О — H — О bridges.
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F ig . 1 . T he structure determ ined b y  X -ra y  diffraction [12] o f the F e(II) (niox. H )2 (im idazole),
com plex

R esu lt and discussion

M össbauer isom er sh if ts  (ő) an d  quad rupo le  sp littin g s  (Л Е ) o f  th e  com 
p le x e s  in v e s tig a te d  are co llec ted  in  T ab le  I . Some d a ta  from  th e  l i te ra tu re  are 
a lso  in c lu d e d . Our d a ta  ag ree  w ell w ith  those re p o r te d  in  th e  l i te ra tu re . The 
o n ly  e x c e p tio n  is th e  low er q u a d ru p o le  sp littin g  o f  th e  b is (d im ethy l-g lyox i- 
m a to )-iro n -d ip y rid in e  co m p lex  th a n  th a t  given in  th e  l i te ra tu re .

T h e  quad rupo le  sp lit t in g s  o f  th e  iro n (II)  com plexes a re  so h ig h  th a t  th e y  
co u ld  b e  m istaken  to  be long  to  h igh -sp in  iro n (II)  o r even  low -sp in  iro n (I I I )  
sp ec ies . I n  o rder to  d is tin g u ish  b e tw een  th e  possib ilities  th e  m ag n e tic  suscep
t ib i l i ty  o f  th e  m ixed com plexes w as m easured , an d  th e  re su lts  in d ic a te d  th a t  
th e  m ix e d  com plexes o f iro n ( I I )  w ere  d iam agnetic  an d  th u s  th e  c e n tra l a tom  
w as a  low -sp in  iro n (II) . T h e  iso m er sh ift values a re  in  ag reem en t w ith  th is . 
T h is  s ta te m e n t  is su p p o rted  b y  th e  fa c t th a t  th e  isom er sh ifts  o f  th e  tw o a n a 
lo g o u s m ix ed  iro n (III)  co m p lex es s tu d ied  are sm alle r a n d  th e ir  q u ad ru p o le  
s p li t t in g s  a re  sign ifican tly  h ig h e r  th a n  those  o f th e  o th e r  com plexes.

A  com parison  of M ö ssb au er d a ta  w hich re f le c t th e  effects o f  various 
lig a n d s  show s th a t  th e  e le c tro n  s tru c tu re  of m ixed com plexes co n ta in in g  p y ri
d in e  o r  i ts  derivates is n o t  v e ry  sen sitive  to  changes in  th e  ch e la te  or in  th e  
m o n o fu n c tio n a l ligand. T h e  g re a te s t  change in  isom er sh if t is 0.07 m m /s (accu
ra c y  o f  m easu rem en t is ;£ 0 .015  m m /s), th a t  of q u ad ru p o le  sp littin g  is m ore au s
p ic io u s : 0.3  m m /s. This show s t h a t  th e  co -o rd ination  o f th e  n itro g en  o f various 
d io x im e  ligands to  th e  iro n  is n e a r ly  equally  s tro n g . T he s u b s titu tio n  of 
an  u n id e n ta te  axial ligand  e x e r ts  a b o u t th e  sam e effec t u p o n  th e  p a ra m e te rs
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T ab le  I

M össbauer parameters o f  some iron-dioxime mixed complexes 
Isomer shifts referred to the spectrum o f iron recorded at room tem perature

300 к 80  К

Ó A E 6 A E

F e(II)(dm g),(py)t • 5 H 20 0.24 1.54 0.32 1.52

0.21* 1.67* 0.29* 1.69*

Fe(II)(dm g)j(/?-pic)j 0.25 1.66 0.32 1.63

0.23* 1.62* 0.33* 1.66*

F e(II)(dm g),(y-pic)j • II , 0 0.22 1.81 0.28 1.77

0.24* 1.70* 0.29* 1.78*

F e(II)(n iox .H )j(py)j • HjO 0.18 1.76 0.26 1.75

0.21** 1.79** 0.28** 1.79**

Fe(II)(niox.H )j(/?-pic)j ■ H 20 0.20 1.80 0.25 1.80

0.28** 1.74**

F e(II)(u iox.H )ä("/-pic)j • H .O 0.22 1.72 0.27 1.72

0.28** 1.78**

F e(II)(octox .H )2(p y ), • 1 /2H jO 0.20 1.67 0.29 1.67

F e(II)(octox .H )2(/?-pic)„ • H 20 0.22 1.72 0.28 1.71

F e(II)(octox .H ).(}’-p ic). • H.O 0.22 1.81 0.28 1.75

F e(II)(heptox .II)2(p y)2 • H.O 0.22 1.63 0.29 1.59

F e(II)(heptox .H )2(/?-pic), • H.O 0.22 1.80 0.29 1.76

F e(IIX propox.H )2(/?-pic)2 0.20 1.80 0.27 1.80

F e(II)(propox.H ),(5'-pic)2 0.21 1.78 0.27 1.72

F c(II)(octox .H )2(aniline)2 0.11 0.43 0.24 0.47

F e(II)(octox.H )j(C H 3-aiiiline)2 0.16 0.44 0.23 0.46

F e(II)(octox.H ).(p-C l-an iline). 0.23 0.21 0.31 0.28

F e(II)(octox .H 2)(p-Rr-aniline)2 0.23 0.26 0.32 0.26

F e(II)(octox .H )2(p-I-aniline)2 0.23 0.26 0.32 0.26

F e(III)(dm g)2(p y )2Br • 3 HBr 0.04 2.95 0.09 3.01

F e(III)(d m g).(py)2I • 2 HI 0.04 2.97 0.11 3.01

* Ref. [1] 
** Ref. [4]

as th e  su b s titu tio n  o f  th e  dioxim e ligand , th o u g h  th e  la t te r  form s a c h e la te  ring 
o f r a th e r  p ro n o u n ced  co n ju g a tio n  w ith  th e  iro n  a tom .

A lin ea r c o rre la tio n  was found  b e tw een  th e  isom er sh ift an d  q u ad ru p o le  
s p littin g  values (F ig . 2) in  th e  case of p y rid in e  m ixed com plexes w ith  various 
d iox im es. T h is re fle c ted  th e  follow ing o rd e r in  th e  rr-acceptor s tre n g th s  o f th e  
d iox im e lig an d s: d im e thy l-g lyox im e <  h ep to x im e  <[ octox im e <  n io x im e.
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I n  th e  y-picoline co m p lex es, how ever, th e  iso m er sh ift 6, and  q u ad ru p o le  
s p l i t t in g  values A E  are  in d e p e n d e n t of th e  d io x im e  ligand . The g re a te s t d e 
v ia t io n  in  th e  isom er sh if t v a lu e s  is 0.01 m m /s a n d  0.09 m m /s in  th e  q u a d ru p o le  
s p l i t t in g s .  This ph en o m en o n  suggests th a t  th e re  ex is ts  a g rea te r in te ra c tio n  
o f  th e  tw o  ty p es o f ligands, th is  in te ra c tio n  is re f le c te d  in  th e  g rea te r q u ad ru p o le  
s p l i t t in g s ,  to o . This d u a l p h en o m en o n  can he in te rp re te d  as follows. T h e o re tic a l 
c o n s id e ra tio n s  [10] and  e x p e rim e n ta l d a ta  [11] show  th a t  e lec tron  d e n s ity  on

F ig . 2 . Correlation of isomer sh ift and  quadrupole sp litting in  m ixed pyridine com plexes o f  iron  
w ith  v a r io u s dioxim es, at room  tem perature; 1 =  n iox im e, 2 =  octoxim e, 3 =  heptoxim e,

4 =  dim ethyl glyoxim e

th e  h e te ro n itro g e n  differs b u t  v e ry  little  in p y rid in e  a n d  in  /З-picoline com plexes, 
w h ile  in  y-picoline com plexes jr-e lec tron  p o p u la tio n  is increased . A ccord ing  to  
N Q R  m easu rem en ts  [11] th is  change am o u n ts  to  0.04 e lectrons, w hile th e  
e r-p o p u la tio n  rem ains u n c h a n g e d . T he jr-accep to r a b ili ty  o f th e  n itro g en  o f th e  
y -p ico lin e  rin g  is d im in ished  b ecau se  o f th e  in c re a se  o f  th e  p o p u la tio n  on th e  
я -o rb i ta l ,  there fo re  an in c rea se  o f  b a c k -co o rd in a tio n  from  dxz and  dyz o rb ita ls  
to w a rd s  th e  equa to ria l d io x im e  ligands occurs. T h e  l a t te r  effect can  co m p en sa te  
th e  fo rm e r  one. Thus th e  s e lec tro n s  are sh ielded  in  th e  sam e e x te n t. T his m ean s 
t h a t  t h e  isom er sh ift does n o t  change th e  q u a d ru p o le  sp littin g , how ever, ge ts  
a p o s i t iv e  in crem en t, th u s  b ecom es g rea ter.

A cco rd in g  to  a m o lecu la r o rb ita l schem e, th e  fo rm ers can be in te rp re te d  
as fo llo w s . T he coefficient o f th e  d  o rb ita l of iro n  does n o t change in  th e  lin e a r  
c o m b in a tio n  of th e  a p p ro p r ia te  o rb ita ls  w hile in  th e  ligand  o rb ita l th e  sig n if
ic a n c e  o f  th e  p lan a r lig an d  is in c reased  a t th e  ex p en se  o f th a t  o f th e  ax ia l one.
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C onsidering  en erg y  levels, i t  can  be said  t h a t  ow ing to  th e  changes in  я -ax ia l 
an d  я -p lan a r levels th e  positio n  o f  th e  я -level o f th e  ligand is c h a n g e d : th e  
lig an d  я -o rb ita l assum es th e  c h a ra c te r  o f th e  p la n a r  ligand in a g re a te r  m easu re .

C om paring  th e  d a ta  re le v a n t to  com plexes in  w hich only th e  a x ia l  lig an d s 
a re  s u b s ti tu te d , th e  q u ad ru p o le  sp littin g s  fo llow  in the  sequence

РУ <  ß 'P ic <  y -p ic>

in  d im eth y l-g ly o x im e , -h ep tox im e- an d  -o c to x im e  m ixed co m p lex es . I n  th e  
case o f n iox im e com plexes a d iffe ren t seq u en ce  is ev iden t, viz.

У-pic <  p y  <  /3-pic,

an d  w ith  p rop o x im e com plexes we fo u n d  th e  follow ing sequence:

p y  <  y-pic <  jS-pic.

I t  is to  be supposed  th a t  th ese  d iffe rences are due to  s te ric  re a so n s . The 
MO m odel ca lcu la tio n s g iven  in  T ab le  I I I  le ad  to  sim ilar re su lts . T h e se  d a ta  
show  th a t  th e  c h a ra c te r  o f  o -donor or я -a c c e p to r  ab ility  of p y rid in e , /3-picoline 
a n d  y-picoline depends on th e  n a tu re  o f th e  eq u a to ria l ligand.

In  th e  case o f com plexes w ith  an iline  o r one of its  d e riv a tiv e s  as an  ax ia l 
lig an d , low  q u ad ru p o le  sp littin g s  occur w h ich  dev ia te  co n sid e rab ly  fro m  th e  
fo rm er figures. A E  decreased  from  1.5— 1.8 m m /s to  0.26— 0.47 m m /s. C om plex 
es w ith  halogen  su b s titu e n ts  in  th e  lig an d  h a v e  th e  lower values.

T he ex trem e ly  g rea t decrease in  q u a d ru p o le  sp littings re flec ts  a n  increase  
in  sy m m e try  o f  charge d is tr ib u tio n  a ro u n d  iro n (II) . Low A E  v a lu e s  p o in t  to  
a n e a r  o c ta h e d ra l charge d is tr ib u tio n : th e  s ix  n itrogens becom e v e ry  s im ila r 
an d  th e ir  d is tan ce  from  iro n  n ea rly  th e  sa m e . T h e  sign ifican tly  h ig h e r  q u a d ru 
pole sp littin g s  o f  p y rid in e  m ixed  com plexes can  be explained w ith  d is tan ces  
m u ch  g rea te r  be tw een  p y rid in e  n itro g en s a n d  iro n  th a n  those b e tw e e n  d iox im e 
n itro g en s  and  iro n , th e  fo rm er b e ing  2.05 Á , th e  la tte r  1.91— 1.97 Á . This 
d is to r tio n  is p ro b a b ly  due to  s teric  reaso n s. A  sligh t dev ia tion  o ccu rs  a lso  in 
th e  isom er sh ifts . T his is sm aller fo r th e  ^ l i l in e -  and p -m e th y l-a n ilin e  co m 
p lexes, an d  g re a te r  for р -chloro-, p -b ro m o -, a n d  p-iodoaniline co m p lex es , th a n  
fo r th o se  d iscussed  above. T his co rre la tio n  suggests th a t  e lec tro p h ile  halogen  
s u b s titu e n ts  fa v o u r я - in te ra c tio n .

T he changes in  occupancy  o f  я - a n d  cr-orbitals due to  s u b s t i tu t io n  of 
lig an d s w ere ca lcu la ted  from  th e  M össbauer p a ram e te rs , using a m e th o d  p a r t ly  
o b ta in e d  from  th e  l i te ra tu re  [1, 9] and  m o d ified  in our earlier w o rk  [7, 8 ]. W e 
assum ed  in  th ese  ca lcu la tio n s, th a t  th e  sign  o f  th e  quadrupole s p l i t t in g  o f  the  
com plexes is po sitiv e . T h is su p p o sition  w as ju s tif ie d , since D a l e  et al. [5], by
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h a v in g  sub jec ted  F e ( I I ) (n io x )2(py)2 to  an  e x te rn a l  m agnetic  field , o b ta in e d  
p o s itiv e  sign for A E . S ince  th e  M össbauer p a ra m e te rs  o f th e  o ther com plexes 
a re  b u t  sligh tly  d iffe re n t f ro m  those of th e  c o m p le x  m entioned , and since  also 
th e i r  in n e r co o rd in a tio n  sp h e re  is sim ilar, i t  is h ig h ly  probable th a t  a lso  th e  
s ig n  o f  th e  sp littin g  is th e  sa m e . Based on th e  m o le c u la r  o rb ita l m odel m e n tio n e d  
ab o v e  th e  positive sign  tu r n s  up because th e  d xy o rb ita l is n o n -bond ing  an d  
acco m m o d a tes  tw o e le c tro n s  while th e  dX2 a n d  d y2 a re  bonding  o rb ita ls  p a r t ly  
b e lo n g in g  to  th e  lig a n d s . T h e  la t te r  tw o w ould  o n ly  com pensate  for th e  p o s itiv e  
sense  o f  d xv w hen c o m p le te ly  filled and  w h en  b e lo n g in g  en tire ly  to  th e  iro n  
a to m .

T he m ethod  o f  c a lc u la tio n s  is given la te r ;  th e  resu lts  are co m p iled  in  
T ab le s  I I  and  I I I .  T h e  c a lcu la tio n s  aim ed a t  th e  c h a ra c te r iz a tio n  of th e  ch an g es  
b ro u g h t  ab o u t in  th e  p o p u la tio n  of я-  and o -o rb ita ls  o f  th e  cen tra l iro n  a to m , 
a n d  in  th e  effective c h a rg e  b y  the  su b s titu tio n  o f  a  lig an d  in th e  s e p a ra te  sy s 
te m s . A ccordingly, in  T a b le s  I I  and I I I ,  th e  At/.' f ig u re s  give th e  v a r ia tio n s  in  
th e  p o p u la tio n s o f тг-o rb ita ls , th e  Aoc f igu res th o s e  in  th a t  of tr-o rb ita ls, an d  
Arj f ig u res  those in  th e  e ffec tiv e  charge, a ll c o m p a re d  to  a reference co m p lex . 
T h e  reference com plexes a re  selected so as to  e n a b le  us to  follow se p a ra te ly  th e  
e ffec t o f su b s titu tio n  o f  b o th  m o n o d en ta te  (p y rid in e  base) and  c h e la tin g  
(d iox im e) ligands on th e  a- an d  th e  л - in te ra c tio n s . C orrespondingly, T a b le  I I  
show s th e  effect o f th e  s u b s ti tu t io n  of a d io x im e u p o n  th e  electron s t ru c tu re  o f  
th e  c e n tra l iron  a to m  o f  m ix ed  com plexes v ri th  p y rid in e  (com pounds 1— 4),

T able I I

Changes o f  the popu la tion  on the n-orbital (zla’), on the G-orbital (zla) 
and o f the effective charge (Arj) o f the iron atom due to the dioxim e ligand substitution

Compound
J a ' J a J77

300 К 8 0  К 3 0 0  К 80 К 300 к 8 0  К

1 Fe(II)(dm g)2(py)2 • 5 H 20 0 0 0 0 0 0

2 F e(II)(n iox.H )2(py)2 • H 20 - 0 .0 6 - 0 .0 6 - 0 . 1 0 - 0 . 1 1 +  0.16 +  0.17

3 F e(II)(octox.H )2(p y )2 • l/2 H o O - 0 .0 4 - 0 .0 3 - 0 .0 4 - 0 .0 8 +  0.08 +  0 . 1 1

4 F e(II)(heptox.H )2(py)„ • H 20 - 0 . 0 2 - 0 .0 3 - 0 .0 5 - 0 . 0 2 +  0.07 0.05

5 Fe(II)(dm g)2(/?-pic) 2 0 0 0 0 0 0

6 Fe(II)(niox.H ),(/?-pic), • H..O Ш - 0 .0 5 - 0 .0 7 0.04 0.04 +  0.09 +  0 . 1 1

7 F e(II)(heptox.H )2(/?-pic)2 • H 20 -0 .0 3 0.04 - 0 . 0 1 0 . 0 1 +  0.04 +  0.05

8 F e(II)(heptox.H )2(/5-pic)2 • H 20 - 0 .0 3 - 0 .0 3 0.07 -  0.06 +  0 . 1 0 +  0.09

9 Fe(II)(propox.H )2(/?-pic), - 0 .0 5 0.05 - 0 .0 4 - 0 .0 7 +  0.09 +  0 . 1 2

1 0 Fe(II)(dm g)s(y-pic)j • H 20 0 0 0 0 0 0

1 1 F e(II)(n iox.II)2(y-p ic)2 * HoO 0 - 0 . 0 1 4 0.07 +  0.06 - 0 .0 7 — 0.05

1 2 Fe(II)(octox.H )2(y-p ic)2 • H 20 0 0 0 +  0 . 0 2 0 - 0 . 0 2

13 Fe(II)(propox.H )2(;’-p ic)2 - 0 . 0 1 - 0 . 0 1 -т 0.04 - 0 .0 6 - 0 .0 3 - 0 .0 5
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T ab le  I I I

Changes due to the substitution o f the axial ligand, on the population o f  the n-orbital ( la ) 
o f the (j-orbital (/la) and in the effective charge ( d í j )  o f  the iron atom

Compound
J a ' J a Ar,

300 К 80  К 3 0 0  К 80  К. 300 к 80 К

1 Fe(II)(ding)2(p y )2 • 5 H 20 0 0 0 0 0 0

2 Fe(II)(dm g)2(/?-pic)2 +  0.01 0 - 0 .1 2 0.09 +  0.11 +  0.09

3 Fe(II)(dm g)2(y-p ic)2 • H 20 - 0 .0 2 - 0 .0 4 - 0 .2 0 - 0 .1 5 +  0.22 +  0.19

4 Fe(III)(dm g).,(py)2Br ■ 3 HBr - 0 .1 9 - 0 .2 2 - 0 .8 9 - 0 .9 1 +  1.08 +  1.13

5 Fe(III)(dm g)2(p y )2I • 2 HI - 0 .1 9 - 0 .2 0 - 0 .9 1 0.94 +  1.10 +  1.14

6 F e(II)(n iox.H )2(p y )2 • H 20 0 0 0 0 0 0

7 F e(II)(n iox.H )2(/?-pic)2 • II20 +  0.02 - 0 .0 1 - 0 . 0 6 - 0 .0 3 +  0.04 +  0.04

8 F e(II)(n iox.H )2(y-p ic)2 • H 20 +  0.04 +  0.01 0.02 +  0.01 - 0 .0 2 -  0.02

9 Fe(II)(octox.H )2(p y)2 ■ l ) 2 I i20 0 0 0 0 0 0

10 F e(II)(octox.H )2(/9-pic)2 ■ H.O +  0.02 - 0 .0 1 - 0 .0 7 0.02 +  0.05 +  0.03

11 Fe(II)(octox.H )2(y-p ic)2 • H 20 +  0.02 - 0 .0 1 - 0 .0 1 - 0 .0 5 - 0 .0 1 +  0.06

12 Fe(II)(heptox.H )2(p y )2 • H 20 0 0 0 0 0 0

13 Fe(II)(heptox.H )2(/9-pic)2 0 0 - 0 .1 4 - 0 .1 4 +  0.14 +  0.14

/З-picoline (com pounds 5— 9), an d  y-picoline (com pounds 10 13). As discussed
earlie r, and  re flec ted  b y  th e  ex p e rim en ta l M össbauer p a ra m e te rs , th e  sim ilar 
b eh av io u r o f p y rid in e  and  /J-picoline com plexes an d  th e  d iffe ren t b eh av io u r 
o f  y-picoline are  m ore  p ronounced  in  th e  ca lcu la ted  d a ta , in d ic a tin g  a stronger 
in te ra c tio n  of th e  tw o  k in d s o f  ligands in  th e  la t te r  sy stem s.

T ab le  I I I  d e m o n s tra te s  th e  effect o f m o n o d en ta te  ligands in  system s w ith  
th e  sam e dioxim e lig an d . F o r each  sy s tem  th e  m ixed  com plex  w ith  p y rid ine  
serves as a re ference  com pound . I t  is to  be seen th a t  th e  e ffec t on th e  e lectron  
s tru c tu re  of iro n  in  th e  expec ted  o rd e r py  ß-pic y-pic is rea lized  on ly  in  th e  
d im eth y lg ly o x im e m ixed  com plexes. In  th e  system s s tab iliz ed  b y  a h y d ro c a r
bon  rin g  w ith in  th e  lig an d , o th e r, p re su m ab ly  s te ric , effects re n d e r  connexions 
m ore involved.

I t  m ust be  n o te d  th a t  p a ram e te rs  in  T ables I I  an d  I I I  a re  ca lcu la ted  
from  ex p e rim en ta l M össbauer p a ram e te rs  w hich show  c o m p a ra tiv e ly  sm all 
d ev ia tio n s, th u s  a f in e r  ap p rec ia tio n  o f w eak in te rac tio n s  can  n o t be expected  
on th e  basis o f  th e se  e ith er.

In  T able I I I  th e  d a ta  p e r tin e n t to  th e  tw o iro n ( I I I )  m ixed  com plexes 
s tu d ied  (com pounds 4 an d  5) are  com pared  w ith  those o f th e  analogous iro n (II)  
com plexes. T hese d a ta  show  th a t  o x id a tio n  of th e  c e n tra l iron  a to m  brings 
a b o u t a s ig n ifican tly  g rea te r  decrease of e lec tron  d e n s ity  on er-orbitals th a n  
on тг-o rb ita ls. T h e  re su lt o f th e  overall in te ra c tio n  is a o n e-e lec tro n  change in  
th e  effective ch a rg e  o f  th e  iron  a tom .
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Table IV

A n a lysis  data o f the complexes

Iron0//о
Nitrogenо//о

Calc. Found Calc. Found

1 Fe(II)(dm g)2(py)2 • 5 H 20 10.45 10.10 15.72 15.30

2 ' Fe(II)(dm g)2(/9-pic), 11.82 11.30 17.80 17.20

3 Fe(II)(dm g)2(}'-pic)2 • H 20 11.39 11.24 17.10 16.90

44 Fe(III)(dm g)2(py)2Br • 3 H Br 7.28 7.43 10.96 10.80

5 F e(III)(dm g)2(py)2I • 2 H I 6.75 6.52 10.16 10.26

6 F e(II)(n iox .H ),(p y)2 • H 20 10.90 10.35 16.34 16.10

7 F e(II)(n iox.H )2(/?-pic)2 • H ,0 10.29 10.71 15.50 15.20

8 F e(II)(n iox.H )2()'-pic)2 • H 20 10.29 10.36 15.50 15.20

9 F e(II)(octox .H ),(py)2 ■ 1 /2 H ,0 9.64 9.50 14.50 14.66

10 Fe(II)(octox.H )2(/5-pic)2 • H 20 9.40 9.24 14.04 13.80

11 F e(II)(octox.H )2(p-pic)2 ■ H 20 9.40 9.36 14.04 14.22

12 Fe(II)(heptox.H )2(py)2 • H 20 9.79 9.66 14.73 14.66

13 Fe(II)(heptox.H )2(/?-pic)2 • H 20 10.30 10.20 15.50 15.36

14 Fe(II)(propox.H )2(y-pic)2 10.57 10.33 15.90 15.77

15 Fe(II)(propox.H )2(y-pic)2 10.57 10.66 15.90 15.87

E xperim en ta l

M ethods, published earlier [14— 21] for the preparation of analogous cobalt com plexes 
were app lied  for the preparation o f  the dioxim e m ixed com plexes investigated . Iron(II) com 
p lexes w ere synthesized in an atm osphere of nitrogen gas free of oxygen . The com plexes were 
an a lyzed  for iron and nitrogen. T he resu lts, together w ith  calculated figures, are collected in 
Table TV. The agreement betw een th e  tw o sets o f figures is satisfactory, the deviations remain 
w ith in  th e  lim its o f error o f m easurem ent.

T he recording of the M össbauer spectra was carried out as described in  a previous com 
m u n ication  [8], at room tem perature, and at the tem perature of liquid nitrogen. The source 
w as cobalt-57  diffused into copper (A m ersham , England). A com puter w as used for the eva lu a
tio n  o f  th e  spectra. The isom er sh ift figures refer to the elem entary iron at room  tem perature. 
M össbauer parameters were reproducible w ith in  + 0 .0 1 5  m m /s.

T he m agnetic susceptib ility  o f the com plexes was m easured by the Faraday m ethod  
[22]. A ll the iron(II) com plexes were found to be diam agnetic. The m agnetic susceptib ility  of 
iro n (III ) com pounds was not m easured.

M ethods of ca lcu lation

T h e  changes caused  b y  lig an d  su b s titu tio n  in  th e  p o p u la tio n  o f a- and  
y r-o rb ita ls w ere ca lcu la ted  fro m  M össbauer p a ra m e te rs  d e te rm in e d  ex p erim en 
ta l ly .  F o r  th is  purpose  a sim p le  M O -m odel [1, 7] w as a d o p te d  in  w hich  th e  
s y m m e try  o f th e  com plexes w as n e a rly  o c tah ed ra l. T h en  th e  о -b o n d in g  m olec
u la r  o rb ita ls  are th e  fo llow ing:
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V ' l K g )  =  > i *  +  ß i  - г , -  К  +  <*4) +  Y i -T f=  (<̂ 2 +  « ^ 3  +  +  (ft )]fb У6

^ г ( « 2 и )  =  *2 P z  +  ß z  _  a i )

^ 3 ( 0  =  * 3  P x  +  У2 J Y  К  -  O5)

^ 4(el J  =  <*зРу +  У 2 " p f  (^ 3  <*»)

XF 'Á a lg) —  a 4 +  ^ З Т г ^ 1 +  'J 4 ) +  У з Y /T S  +  ff3 +  ° 5  +  ° e )

^о(Ч) =  a 5d x»-y* +  y4 у  К  4- o-ó °з <h>)

Fig. 3. Structural formula of F e(II)(d im eth yl-g lyoxiin e.H );(pyridine)2

w here a rep re sen ts  th e  coeffic ien ts o f th e  a to m ic  o rb ita ls  o f iron , ß  th e  o rb ita ls  
o f th e  ax ial (p y rid in e  base) ligands, у  th o se  o f  th e  p la n a r  (d ioxim e) ligands.

The n u m e ra tio n  o f th e  ligands is show n in F ig . 3. In  a f ir s t  ap p ro x im a tio n  
i t  m ay  be supposed  th a t  su b s titu tio n  of ax ia l lig an d s does n o t a ffec t th e  o rb ita ls  
o f  th e  p lan a r lig an d s , viz. 8y1 — 0, and  vice versa: chang ing  th e  ligands in  th e  
p lan e , ößj =  0. W ith  obv ious su p p ositions concern ing  th e  changes o f  a and  ß 
an d  d isreg ard in g  th e  overlaps, from  n o rm al co n d itio n s, i t  follows th a t  th e  
degrees of filling  u p  o f  a to m ic  o rb ita ls  can  n o t change in d e p e n d e n tly  one from  
th e  o th e r, h u t  on ly  in  a de fin ite  ra tio . F o r in s ta n c e , ow ing to  th e  effect o f 
su b s titu tio n  o f  ax ia l ligands th e  change o f th e  charges on o rb ita ls  4s, 4 p . and  
3d.2 will he in - th e  ra tio
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Zla2 : Ax% : Aх± = 1 : 3 : 2
A x  1 ,

I f -------is  sym bolized b y  A x , t h e n  th e  overa ll change o f th e  charge  on cr-bonding

iro n  o rb i ta ls  can be w ritte n  as  A x  =  12A x, or. to  express also th e  c o n fig u ra tio n  
(3 d 24 s 4 p 3)2Jx.

B ack -co o rd in a tio n  can  b e  ex p ec ted  fro m  jr-bonding  i.e. from  3dxz, 3dyz 
a n d  3 d xy o rb ita ls . Like th e  a l te ra t io n  o f о-bond ing , also th is  can  be ch a rac te rized  
b y  o n e  p a ra m e te r , viz. Aoc’ =  A n . T h u s , in  th e  case ad d u ced  as an  ex am p le , th e  
e le c tro n  s t ru c tr e  of th e  iron  a to m  can  be w r itte n  in  th e  form  3d',(3 d 24 s4 p 3)2x.

T h e  tw o  p aram eters o f M össb au er sp e c tra , i.e. isom er sh ift an d  q u ad ru p o le  
s p l i t t in g  a re  functions o f th e  e lec tro n  s tru c tu re . A given e lec tro n  s tru c tu re  
d e te rm in e s  M össbauer p a ra m e te rs , b u t  in v e rse ly  th is  is n o t so: a g iven se t o f 
p a r a m e te r s  can  account fo r m a n y  k inds o f e lec tro n  s tru c tu re s . A ssignem ent 
can  b e  re n d e re d  more specific  b y  som e assu m p tio n  concern ing  e lec tro n  s tru c 
tu r e ,  e.g . t h a t  the  e lec tron  s tru c tu re  of th e  iro n  in  th e se  m olecules is 
3dn(3 d 24 s 4 p 3)2X. The figures fo r  n  an d  x , re sp ec tiv e ly  an d  th e  changes o f th ese  
zloc a n d  A<x can  be d e te rm in ed . F ig u re  4 show s th e  co rre la tio n  of isom er sh ift 
w ith  t h e  p a ram ete rs  n an d  x  b a se d  on th e  s tru c tu re  suggested . W hen  i t  is 
su p p o se d  t h a t  th e  effective c h a rg e  q of th e  iro n  a to m  in  th e  com plex  is a sm all 
p o s itiv e  v a lu e  0 <[ q <  1, th e n  iso m er sh ift re f lec ts  th e  change o f back-coord i-

Acta Chim. Acad. Sei. Hung. 102, 1979

Fig.  4.  Interpretationary diagram o f  M össbauer isom er sh ifts o f m olecules w ith  electron struc
ture 3 d ,!(3 d 24s4p3)2x where q is the effec tiv e  charge of the iron atom . Left-hand ordinate =  elec
tron d e n s ity  a t the nucleus of the iron atom  (value dim inished by 11 873, according to conven

tion), in a„3 units, w here a 0 =  first Bohr radius o f the hydrogen atom .
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n a tio n : re p re se n te d  b y  n, and  is in sen sitiv e  to  th a t  of th e  c o o rd in a tio n  re p re 
sen ted  b y  x  ( th e  ta n g e n ts  to  th e  cu rv es  a re  betw een  q — 0 an d  q =  1 n ea rly  
h o rizo n ta l) . T h e  q u ad ru p o le  sp littin g  is, how ever, s ig n ifican tly  a ffec ted  b y  x. 
T he  change o f isom er sh ift and  o f q u a d ru p o le  sp littin g  (d —  d0 an d  A E  —  A E 0) 
re fe rred  to  an  in it ia l  com plex can  be  b ro u g h t in to  co rre la tion  w ith  th e  change 
o f  c o o rd in a tio n  an d  b ack -co o rd in a tio n  (o f A x  and  zla’) as follow s:

Ő —  60 =  1.05Z1«’ and 
A E  A E 0 =  — 1.2 da  —  1 .8 4 a’

F o r th e  la t te r  eq u a tio n  th e  c o n tr ib u tio n  o f one electron to  th e  q u ad ru p o le  
sp lit t in g  is ta k e n  to  be 3.6 m m /s. S im ila r considera tions help  us to  f in d  a n a l
ogous co rre la tio n s  in th e  case o f s u b s ti tu t io n  o f p lan a r ligands. R e su lts  o f  such 
ca lcu la tio n s are  collected  in T ab les I I  an d  I I I .
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3-Oxo-l-iminoisoindoline (3) yields with monosubstituted alkylhydrazines amino
phthalazinone derivatives (5) substituted at the N(2) position whose structures have 
been also confirmed in a preparative way. Substitution at N(2) hinders the exchange 
of the amino group for hydrazino group, therefore the pathway 3 — 5 — 6 is unsuitable 
for an extension of the K ö h l er  synthesis [1]. Compound 3 with iV,iV-disubstituted 
alkyl and cyclic alkylenehydrazines (e.g., iV-aminopiperidine) gives hydrazonoisoindoli- 
nones (9) in satisfactory yields; these can be converted with hydrazine hydrate and with 
methylhydrazine and 2-hydroxyethylhydrazine into the hydrazinophthalazinone de
rivatives having the structures 10 and 11, respectively. 4-Aminophthalazinone (4) and 
the hydrazinophthalazinones ( 10) prepared can be methylated at N(2) by means of 
dimethyl sulfate.

O f th e  h y d raz in e  d e riv a tiv e s  o f p h th a la z in e , th e  h y d ro c h lo rid e s  of
1 -h y d raz in o p h th a laz in e  an d  1 ,4 -d ih y d raz in o p h th a laz in e  are a v a ilab le  co m m er
c ia lly  as im p o r ta n t h y p o ten s iv e  ag en ts  (A preso lin  and  N epreso l, C iba  AG). 
A ccord ing  to  K öhler [1] et al., 4 -h y d ra z in o -l(2 ii) -p h th a la z in o n e  (1) also  p os
sesses a m ark ed  h y p o ten s iv e  effect.

T h ere  are  severa l possib ilities describ ed  in  th e  l i te ra tu re  [1] fo r th e  
sy n th e s is  o f h y d ra z in o p h th a la z in o n e  (1). O f these , th e  sy n th ese s  s ta r tin g  
from  4 -c lilo ro p h th a laz in o n e  (2 — 1) and  from  3 -o x o-l-im ino iso indo line  th ro u g h  
am in o p h th a laz in o n e  (3 —► 4 —► 1) h av e  p re p a ra tiv e  im p o rtan ce . З -О х о -1 -imi- 
no iso indo line  (3) w as allow ed to  re a c t w ith  h y d raz in e  f irs t  b y  E l v id g e  [2]; 
th e  p ro d u c t was assum ed  to  be p h th a lim id ra z o n e  (9; Q = N H 2). C orrec tion  
o f  th e  s tru c tu re  w as m ade b y  K öhler , show ing  th a t  th e  p ro d u c t w as 4-am ino- 
p h th a la z in o n e  (4).

In  ou r s tu d ies  on th e  h y d raz ino lysis  o f  3 -oxo-l-im in o iso in d o lin e  (3), it 
w as e stab lish ed  th a t  th e  f ir s t  s tep  o f  th e  co m p lex  conversion , th e  fo rm a tio n  of 
am in o p h th a laz in o n e  (3 —*• 4), was a ra p id  reac tio n , w hereas th e  f in a l step  
(4 —*• 1) was v e ry  slow an d  p ra c tic a lly  d id  n o t ta k e  place a t  room  te m p e ra tu re . 
I t  can  he concluded  th a t  th e  hyd razino lysis  o f  3 -o x o -l-im ino iso indo line  a t  room  
te m p e ra tu re  ( th e  y ield  b e ing  64%  accord ing  to  F litsch [3]), o r p re fe ra b ly  th e

* Part IV, Acta Chim. Acad. Sei. Hung. 99, 81—95 (1979)
** Results of the diploma theses (Budapest, 1972 and 1976) are used.
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r e a c tio n  suggested b y  u s  in c lu d in g  a short re f lu x in g  (y ield  85— 90% ), are  th e  
b e s t  sy n th eses  for am in o p h th a la z in o n e  know n to d a y .

K öhler  [1] re g a rd e d  th e  conversion 4 —>- 1 w ith  100%  hyd raz in e  h y d ra te  
in  5 h  as com plete; h o w ev er, o u r  observations in d ic a te  th a t  re flux ing  fo r a b o u t 
25— 30 h  is necessary  to  ac h ie v e  th e  fo rm atio n  o f  a un ifo rm  reac tio n  p ro d u c t 
as sh o w n  b y  th e  IR  s p e c tra  (com plete  d ev e lo p m en t o f  th e  b an d s a t 3300 an d
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990 c m -1 , ch a rac te ris tic  o f th e  h y d raz in o  com pound , requ ires a b o u t th is  period  
o f tim e). Since h y d raz ino lysis  o f  4 -ch lo ro p h th a laz in o n e  is p ra c tic a lly  com plete  
in  5 h , th is  m ethod  (2 —*• 1) is th e  m ost su ita b le  for th e  p re p a ra tio n  o f  h y d raz in o - 
p h th a la z in o n e .

3- O x o-l-im ino iso indo line  (3) y ields w ith  m o n o su b s titu ted  a lk y lh y d ra -  
zines am in o p h th a laz in o n es  s u b s ti tu te d  a t  th e  N(2) position  (5). I n  th e s e  com 
p o u n d s , in  c o n tra s t w ith  4 -am in o p h th a laz in o n e  (4), th e  exchange o f  th e  am ino 
group  b y  m eans o f h y d raz in e  h y d ra te  (5 — 6) can n o t be acco m p lish ed  in  the  
u su a l w ay  [ l] .T h e  su b s titu tio n  re a c tio n  is h in d ered , p ro b ab ly  ow ing  to  p rec lu d 
ed a ro m a tiz a tio n  due to  th e  p resence  o f  th e  su b s titu e n t a t  N (2). (To e lu c id a te  
th is  a ssu m p tio n  it  m ay  be m en tio n ed  th a t  th e  aromatic 1 .4 -d ich lo ro p h th a laz in e  
is m u ch  m ore prone to  p a r tic ip a tin g  in  s u b s titu tio n  reac tio n s th a n  4-chloro- 
p h th a la z in o n e  is [3, 4]. In  basic  m ed ia , even i f  to  a lim ited  e x te n t , th e  enolized, 
a ro m a tic  ta u to m e ric  form s o f  4 -ch lo ro p h th a laz in o n e  (2) an d  4 -am in o p h th a la z i-  
none (4) m u st be considered , an d  th e se , on th e  analogy o f  th e  a b o v e  facts, 
m u st be  m ore reac tiv e  th a n  th e  acid  am ide  form s. This m ay  be re sp o n sib le  for 
th e  r e a c tiv i ty  o f 2 and  4 to w ard s  h y d ra z in e  h y d ra te .)

T h e  m o n o su b s titu ted  h y d raz in e  can  be in co rp o ra ted  in to  th e  p h th a laz i-  
none sk e le to n  is tw o w ays: s u b s ti tu e n t R  m ay  assum e p o sitio n  N (2) or N(3). 
E a rlie r , th e  a lk y la tio n  o f  4 -(2 -h y d ro x y e th y la m in o )-l(2 H )-p h th a la z in o n e  (the 
so-called  /З-spiroxazone) w as s tu d ie d  in  d e ta il, and  N(2) a lk y la tio n  w as con
firm ed  b y  p re p a ra tiv e  [5], IR , N M R  [6] an d  MS [7] evidence. T h e  m o n o m eth y l 
d e r iv a tiv e  form ed in  th e  m e th y la tio n  o f am in o p h th a laz in o n e  w ith  d im ethy l 
su lfa te  (4 —► 5a) is en tire ly  id e n tic a l w ith  th e  com pound o b ta in e d  from  the  
3 —*• 5a reac tio n . This id e n ti ty  in i ts e lf  su b s ta n tia te s  th e  N(2) p o s itio n  o f  su b sti
tu e n t  R  in  com pounds o f ty p e  5, b u t  decision  betw een  th e  tw o  p o ssib le  s tru c tu r 
al iso m ers , 5 and 5% w as also m ade in  a p re p a ra tiv e  w ay.

W hen  fused w ith  v e ra tra ld e h y d e , com pounds 5a an d  5b g ive  read ily  
c ry s ta lliz in g  co ndensa tion  p ro d u c ts  (7). T he Schiff bases can  b e  decom posed 
in to  th e  s ta r tin g  am in o p h th a laz in o n es  5a and  5b b y  acid  h y d ro ly s is , which 
excludes an y  possib ility  o f  a 5 — *■ 5 ’ tran s iso m eriza tio n  d u rin g  th e  fu s io n  proc
ess. S ince only  s tru c tu re  5 c o n ta in in g  a p rim ary  am ino g ro u p  is  capab le  of 
co n d en sa tio n , group R  is c e rta in ly  in  p o sitio n  N(2).

4 - A m in o p h th a laz in o n e  (4) an d  its  d e riv a tiv es  s u b s ti tu te d  a t  N (2) (5a, 
5b) r e a c t  w ith  pheny l iso c y a n a te  to  give p h th a la z o n y lp h e n y lu rea  deriva tives
(8). C om pounds 4 an d  5a y ie ld  on ly  th e  m o n o p h en y lca rb am o y l deriv a tiv es  
even  w ith  a high excess o f p h en y l iso cy an a te , there fo re  th e  s t ru c tu re  o f the  
p ro d u c t can  be only 8 or 8 ’; th e  ac tu a l s tru c tu re  depends on th e  fa c t  w hether 
th e  a m in o p h th a laz in o n e  reac ts  w ith  th e  ta u to m e ric  form  c o n ta in in g  th e  endo- 
cyclic  or exocyclic C =  N g roup . A lth o u g h  th e  s tru c tu ra l iso m er 8 ’ c an n o t be 
d e fin ite ly  excluded on th e  basis o f  th e  p resen t know ledge, s t i l l  s tru c tu re  8 
seem s to  he m ore p ro b ab le , since th e  ta u to m e r co n ta in in g  th e  endocyclic
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С =  N  g roup  was found  to  b e  th e  m ore stab le  fo rm  acco rd in g  to  th e  l i te ra tu re
[3] a n d  o u r own o b se rv a tio n s  [8, 9, 12].

In  th e  reaction  of iV ,iV -d isubstitu ted  a lk y lh y d ra z in e s  (e.g., iV ,iV-dim ethyl- 
h y d ra z in e )  and cyclic a lk y len eh y d raz in es  (IV -am inop iperid ine, IV-aminohomo- 
p ip e r id in e , iV -am inom orpholine) w ith  3 -o x o-l-im ino iso indo line  (3), p ro d u c ts  o f  
th e  p h th a lim id razo n e  ty p e  (9) a re  form ed. C o rrec tn ess  o f  th e  s tru c tu re  is co n 
f irm e d  b y  th e  appearance  o f  p h th a lim id e  on ac id  h y d ro ly s is . W hen com pounds 
9 a re  re f lu x e d  w ith h y d ra z in e , th e y  transfo rm  in to  h y d raz in o p h th a laz in o n es  
o f  s t r u c tu r e  10 w ith  th e  e lim in a tio n  of am m onia. A  sm all am o u n t o f am ino- 
p h th a la z in o n e  (4; 5— 2 5 % ) fo rm e d  in  the b y -re a c tio n  h a rd ly  affects th e  e x 
c e lle n t y ie ld  of th e  sy n th es is  (7 0 — 93% ). The m a in  p ro d u c t  o f  th e  h y d raz ino l- 
ysis e ffe c ted  w ith  th e  m o re  basic  m e th y lh y d ra z in e  is 4 -am ino-2-m ethy l- 
l (2 if ) -p h th a la z in o n e  (5a), o w in g  to  an ex ten s iv e  tra n sa m in a tio n  process; 
th e re fo re  th e  yield of d e r iv a tiv e s  11 is sign ifican tly  lo w er (31— 42% ). T he sim i-
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la r  so lu b ility  p ro p erties  o f  5a an d  11 p re sen t a n o th e r p re p a ra tiv e  p rob lem s, 
m ak in g  th e  sep ara tio n  d iff icu lt. S yn thesis  o f  com pounds 11 can  also be  achieved 
th ro u g h  th e  m e th y la tio n  o f 10. A sig n ifican t im p ro v em en t in  th e  y ie ld  was 
observed  on ly  in  th e  case o f l i d  (75%  in s tead  o f 31% ), y e t m e th y la tio n  is to  
be  considered  th e  b e tte r  m e th o d , as no b y -p ro d u c t hard  to  e lim in a te  in te rfe res 
w ith  th e  iso la tion .

In  th e  li te ra tu re  [1], th e  m elting  p o in t o f h y d ra z in o p h th a la z in o n e  (1) is 
g iven erroneously . C om pound 1 m elts f ir s t  a t 235—240 °C w ith  th e  evo lu tion  
o f  gas, th e n  becom es c ry s ta llin e  again  an d  th e  second m eltin g  occurs a t  268— 
269 °C. The th e rm a lly  t r e a te d  h y d raz in o p h th a laz in o n e  p ro v ed  to  be am ino- 
p h th a laz in o n e  accord ing  to  th e  IR  sp ec tru m  and  e lem en ta l an a ly s is . A ccording 
to  ou r experience, on ly  th e  h y d ra z in o p h th a la z in o n e  is th e rm a lly  u n s ta b le , th e  
o th e r  h y d raz in e  d e riv a tiv e s  ( 10 . 11) w ere s tab le  a t  th e  m e ltin g  p o in t.

M ost of th e  h y d ra z in o p h th a laz in o n es  and  th e ir  d e riv a tiv e s  p rep a red  in 
th e  course o f th e  p resen t w ork  are reg a rd ed  as possessing th e  ta u to m e r ic  s tru c 
tu re  c o n ta in in g  endocyclic C = N g ro u p (ő N II  1540— 1 5 2 8 c m -1 ). E x cep tio n s  are 
d im e th y lh y d ra z m o p h th a laz in o n e  (10a; ŐNH 1560 c m -1 ) an d  (iV -m orpholino- 
am in o )p h th a laz in o n e  (lO d; d N H  1552 c m -1 ), in  w hich th e  s tr ik in g ly  h igh  6NH 
b an d s  do n o t exclude th e  ta u to m e r ic  exocyclic s tru c tu re . T h e  ta u to m e riz a tio n  
o f  h y d raz in o p h th a laz in o n es  xvill be d iscussed  in  a fo rth co m in g  p a r t  o f  th is 
series o f  papers.
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9, 10,11 Q

a —ЗММег

b -O
C -G
d - N  О

Experimental

M.p.’s were determined on a Boetius micro-hot-stage. The IR spectra were recorded in 
KBr pellets with a UR-10 (Zeiss, Jena) spectrophotometer.

o-Cyanobenzamide
It w a s prepared from  p h th a la m id e  b y  B r a u n ’s m e th o d  [10], u sin g  a cetic  an h y d rid e  

for d e h y d r a tio n , in  40—50% y ie ld ;  m .p . 188—189.5 °C ( l i t .  m .p . 172—173 °C).
C8H6N20 (146.2). Cal cd. N 19.2. Found N 19.2%.
IR: vNH, 3360, 3177; vCN 2229; rCOamj,je 1659; <5NH2 1622; 1,2-disubstituted Ar ring 

761 cm-1.
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3-Oxo-l-iminoisoindoline (3)

Alkaline cyclization of o-cyanobenzamide [10] was advantageously replaced by a fusion 
process. In an open test tube, o-cyanobenzamide (15 g) was melted on a silicone oil bath at 
220 °C (10—15 min). The slightly coloured melt crystallized on cooling, the yield of 3 being 
100%; m.p. 203- 204 “C ( l i t .  [10] m.p. 203 °C).

CsHeNjO (146.2). Calcd. N 19.2. Found N 19.3%
IR: vNH 3258, 3100—2000; i>COimide and i>C=N 1719, 1669; <5NH 1525; 1,2-disubst. 

Ar ring 752 cm-1.

4-Amino-l(2/f)-phthalazinone (4)

(а )  A mixture of 3-oxo-l-iminoisoindoline (3; 1.46 g; 0.01 mole), 100% hydrazine hydrate 
(1.5 ml) and ethanol (20 ml) was gently heated. The components dissolved rapidly, and soon 
colourless needles separated from the solution. After boiling for 5 min, the thick suspension 
was diluted with water and filtered (1.42 g; 88.2%). The crude product melted at 264—266 °C 
with sublimation. After sublimation in vacuum, the m.p. was 273—274 °C ( l i t . m.p.’s 266 °C, 
[3], 271—273 °C [11] and 274 °C [1]). According to the IR spectrum, the product was identical 
with the substance obtained by the ammonolysis of chlorophthalazinone [11].

(б) 4-Hydrazinophthalazinone (0.50 g) was fused in a bath of 270—280 °C until gas 
evolution ceased (10—15 min); the product was recrystallized from water, using decolourizing 
carbon, to obtain colourless needles (0.22 g), m.p. 267—269 °C; after sublimation in vacuum 
the substance had m.p. 273—274 °C. According to the IR spectrum, it was identical with the 
substance obtained according to (a) .

(c)The same compound was obtained as a by-product from the hydrazinolysis of phthal- 
imidrazones 9, in 5—25% yield (see there).

C8H,N30  (161.2). Calcd. N 26.1. Found N 26.2%.
IR: i'NH and rNH, 3400 2800: i'COamide 1645; <5NH 1565; 1,2-disubst. Ar ring 760 cm-1.

4-Amino-2-methyl-l(2H)-phthalazinone (5a)

(a )  3-Oxo-l-iminoisoindoline (1.46 g; 0.01 mole) was mixed with methylhydrazine (2 ml). 
A greenish yellow solution resulted with spontaneous warming and strong evolution of am
monia; cooling gave a deposit of crystals. After dilution with water (30 ml), the colourless 
product (1.26 g: 71.9%; m.p. 158—160 °C) was filtered off. It is well soluble in water and etha
nol, moderately soluble in chlororom. Colourless needles were obtained from a small amount of 
ethanol, or big prisms from a mixture of chloroform and ether; m.p. 162 — 163 °C.

(b) Aminophthalazinone (16.1 g; 0.1 mole) was dissolved in 4% aqueous NaOII (1000 ml) 
with gentle heating, and dimethyl sulfate (37.8 g; 0.3 mole) was added dropwise, with mechani
cal stirring. Next day the crystals were filtered off. Further amounts of the product were ob
tained from the mother liquor after evaporation. Yield: 16.3 g (92.8%); m.p. 160—162 °C. 
Colourless prisms were obtained from a mixture of chloroform and ether, m.p. 162—163 °C. 
According to the IR spectrum, the product was identical with the substance prepared accord
ing to (a).

(c) The same compound was obtained in about 50% yield in the reaction of phthal- 
imidrazones 9 with methylhydrazine (see there).

C9H9N30  (175.2). Calcd. N 24.0. Found N 24.1%.
IR: rNH, 3376, 3310, 3200; )’COamide 1619; vC=N 1570; <5NH, 1647; 1,2-disubst. Ar 

ring 785 cm-1.

Reaction of 5a with hydrazine hydrate

The compound remained unchanged after refluxing with 100% hydrazine hydrate for
60 h.

Condensation of 5a with veratraldehyde (7a)

A mixture of 5a (0.175 g; 1 mmole) and veratraldehyde (0.332 g; 2 mmoles) was fused, 
and the yellow melt was crystallized from ethanol to obtain yellow crystals, m.p. 171—173 °C. 

C18H17N30 3 (323.4). Calcd. CH30 19.2. Found CII30  18.9%.
IR: rCHmet|10Xy| 2832; i’C =N gcjdff 1648; >'COamjde 1617; rC =N 1574;vC  Ometh0xyl 1257, 

1022; 1,2-disubstituted Ar ring 751 cm-1.
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H y d ro ly s is

The condensation product 7 a  was boiled with 10% hydrochloric acid for a few minutes. 
The solution was then repeatedly evaporated to dryness with water. The evaporation residue 
was recrystallized from a mixture of chloroform and ether to give colourless prisms, m.p. 
162—163 °C. According to the IR spectrum, the substance was compound 5a.

4 - A n i in o -2 - (2 - h y d r o x y e th y l ) - l ( 2 / I ) - p h th a la z in o i ie  (5 b )

A mixture of 3-oxo-l-iminoisoindoline (1.46 g; 0.01 mole) and 2-hydroxyethylhydrazine 
(3 ml) was heated on a water bath until the evolution of ammonia ceased (15 min). The yellowish 
syrup was dissolved in water (30 ml); crystals separated from the solution on standing. Yield: 
1.43 g (69.7%), colourless needles or plates (from water), m.p. 205—206 °C.

CioHnN3Oo (205.2). Calcd. N 20.5. Found N 20.7%.
IR: j’NHo and vOH 3386, 3330, 3228; rCOamide 1627; pC=N 1570; <5NH2 1652; v C - 0  

1072; 1,2-disubst. Ar ring 735 cm-1.

C o n d e n sa tio n  o f  5b w ith  v e ra tra ld e h y d e  (7 b )

A mixture of veratraldehyde (0.332 g; 2 mmoles) and 5b  (0.205 g; 1 mmole) was fused 
until the release of water was complete. Sulfur-yellow prisms were obtained from ethanol, m.p. 
171—173 °C.

C19H19N40, (353.4) Calcd. CH30 17.6. Found CH30  17.8%.
IR: rOH 3438; vCHmethoxyl 2837; vC =  HSchiff 1639; vCOamide and pC=N  1620, 1574; 

vC—Omehtoxyi 1270, 1028; vC— Oa|C0h0i 1028; 1,2-disubst. Ar ring 743 or 755 cm-1.

H y d ro ly s is

Compound 7b decomposed into vertaraldehyde and compound 5b  when refluxed with 
dilute hydrochloric acid (m.p. 205—206 °C).

P h th a la z o n y lp h e n y lu re a s  

4 - P h e n y lu r e id o - l ( 2 H ) - p h th a la z in o n e  (8 a )

4-Aminophthalazinone (4 ; 0.80 g; 5 mmoles) was refluxed with phenyl isocyanate 
(1.19 g; 0.01 mole) in dry dioxan (30 ml) for 8 h, with the careful exclusion of moisture. After 
dilution with water, a colourless powder separated which was filtered off, washed with water 
and cold ethanol (100 ml) to obtain 1.39 g (nearly 100%) of 8a . The compound had no melting 
point; sublimation occurred at 300 310 °C.

C15H12N402 (280.3). Calcd. N 20.0. Found N 20.1%.
IR: vNH 3350—2700; vCOamjde, urea 1662; ^NH 1568, 1525; 1,2-disubst. Ar ring 755; 

monosubst. Ar ring 740, 689 cm-1.

4 - P h e n y lu r e id o - 2 -m e th y l - l ( 2 H ) - p h lh a la z in o n e  (8 b )

4-Amino-2-methyl-l(2i7)-phthalazinone (5a; 0.88 g; 5 mmoles) was dissolved in hot 
anhydrous dioxan (30 ml) and allowed to react with phenyl isocyanate (1.19 g: 0.01 mole). 
After refluxing for about 30 min, the separation of colourless 8b started from the yellowish 
solution. The reaction mixture was refluxed for 5 h, diluted with water (200 ml), the product 
was filtered off and washed with hot ethanol (50 ml). Yield: 1.14 g (77.6%), m.p. 276 —278 °C; 
the melt rapidly crystallized into needles then underwent sublimation, leaving no residue, at 
285-287 °C.

Cl6H14N40 2 (294.3). Calcd. N 19.0. Found N 18.9%.
IR: i»NH 3340- 2800; vCOurea 1687; ^COamide 1645; vC=N 1588; ŐNH 1525 or 1561; 

1,2-disubst. Ar ring 759; monosubst. Ar ring 750, 691 cm-1.
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4-Phenylureido-2-phenylurethano-l(2IJ)-phthalazinone (8c)

A mixture of phenyl isocyanate (0.60 g; 5 mmoles) and 4-amino-2-(2-hydroxyethyl)- 
l(2H)-phthalazinone (5b; 0.41 g; 2 mmoles) was refluxed in anhydrous dioxan (10 ml) for 2 h. 
Separation of the colourless reaction product from the yellow solution started from the begin
ning of refluxing. The mixture was diluted with water (100 ml), the crude product was filtered 
off, washed with water and ethanol to obtain 0.55 g, (62%), m.p. 220—221 °C (d.). After re
crystallization from dioxan, the colourless needles had m.p. 223 225 °C (d.).

C„4H21N60 4 (443.5). Calcd. N 15.8. Found N 16.0%.
IR: pNH 3270; rCOurethane 1732; rCOurea 1685; rCOamide 1653; rC=N 1588; <5NII 1553; 

pC—Oester 1227, 1065; 1,2-disubst. Ar ring 755; monosubst. Ar ring 755, 693 cm-1.

Phthalimidrazone derivatives (9) 

3-Oxo-l-(2,2-dimethylhydrazono)isoindoline (9a)

3-Oxo-l-iminoisoindoline (2.92 g; 0.02 mole) was refluxed with iV,lV-dimethylhydrazine 
(2 ml) in ethanol (20 ml) for 2 h. After the addition of some water the yellow solution was eva
porated to dryness in vacuum; yellow crystals were obtained on recrystallization from aqueous 
ethanol (3.11 g; 82.3%), m.p. 132- 134 °C.

C)0H,,N30  (189.2). Calcd. N 22.2. Found N 22.4%.
1R: pNII 3300-2600; vN— CH3 2822, 2790, 2777; rCOimide 1726; pC=N 1640; 1,2-di

subst. Ar ring 775 cm-1.

H ydrolysis

Compound 9a was dissolved in 10% cold hydrochloric acid. The colourless crystalline 
substance (m.p. 233 — 235 °C, with sublimation) which deposited on short boiling was identical 
with phthalimide as shown by the IR spectrum.

3-Oxo-l-(iV-pipcridinoimino)isoindoline (9b)
A mixture of IV-aminopiperidine (5.00 g; 0.05 mole), 3-oxo-l-iminoisoindoline (7.30 g; 

0.05 mole) and ethanol (50 ml) was refluxed for3 h. A yellow solution formed rapidly and strong 
evolution of ammonia was observed. The substance which separeted on dilution with water 
(300 ml) (10.65 g; 92.9%; m.p. 145—147 °C) was crystallized from aqueous ethanol to give 
yellow needles, m.p. 147—148 °C.

C13H15N30  (229.3). Calcd. N 18.3. Found N 18.4%.
IR: pNH 3190; pN—CH2 2822; pCO|m|de 1721; rC=N 1648; 1,2-disubstituted Ar ring 

779 cm-1.

3-Oxo-l-(iV-homopiprridiiioimino)isoindoliiie (9c)
3-Oxo-l-iminoisoindoline (7.3 g; 0.05 mole) was refluxed with IV-aminohomopiperidine 

(5.7 g; 0.05 mole) in ethanol (50 ml) until the evolution of ammonia had ceased (3 h). On the 
addition of water (300 ml), yellow crystals separated (10.95 g; 90.1%; m.p. 116 —118 °C). 
Yellow needles were obtained from aqueous ethanol; m.p. 118—119 °C.

C,4H„N30  (243.3). Calcd. N 17.3. Found N 17.4%.
IR: pNH 3170; rN CH2 2818; rCOimide 1709, rC=N 1640; 1,2-disubst. Ar ring 765 cm -1.

3-Oxo-l-(lV-morpliolinoimino)isoindoline (9<1)
A mixture of 3-oxo-l-iminoisoindoline (7.3 g; 0.05 mole) and iV-aminomorpholine (5.1 g; 

0.05 mole) was refluxed in ethanol (50 ml) until the evolution of ammonia had stopped (3 h). 
The solution turned rapidly yellow, and separation of the relatively poorly soluble 9d started 
after boiling for about 30 60 min. After dilution with water (200 ml), the crude product was
filtered off (10.60 g; 91.7%), m.p. 203—204 °C. Yellow needles were obtained on recrystalliza
tion from ethanol; m.p. 203 - 204 °C.

Ci2HI3N30 2 (231.3). Calcd. N 18.2. Found N 18.2%.
IR: pNH 3182; pN—CH2 2838; rCOinlide 1722; rC=N 1642; rC -0  1112 or 1097 cm -1.
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4 - H y d r a z in o - l ( 2 H ) - p h th a la z in o n e  ( 1 )

(а) Compound 1, when prepared from 4-chlorophthalazinone with 100% hydrazine 
hydrate according to KÖHLER [1] (reflux for 5 h), was only contaminated with traces of chlorine. 
The reaction took place in a similarly satisfactory yield (about 90%) when more dilute (e.g., 
72%) hydrazine hydrate was used. After clarification with activated carbon, pale cream needles 
were obtained from water; m.p. 235—240 °C, (with the evolution of gas). When the tempera
ture was slowly increased, the melt crystallized and melted again at 268—269 °C (i . e . at the 
m.p. of aminophthalazinone).

(б) A mixture of 4-aminophthalazinone (4 , 1.6 g) and 100% hydrazine hydrate (20 ml) 
was refluxed in a flask equipped with a reflux condenser. The samples (1 ml each) taken from 
the solution in 5-h periods were diluted with water to tenfold volume. The IR spectrum of the 
crystalline product which separated varied in the different samples. Complete development 
of the bands at 3300 cm-1 and 990 cm-1, characteristic of hvdrazinophthalazinone, was ob
served only after refluxing for 25—30 h.

C8H8N40  (176.2). Calcd. N 31.8. Found N 31.9%.
IR: vNH and t>NH2 3400—2700; rCOamide 1658; <5NH, 1625; ŐNH 1530; rC=N 1592; 

1,2-disubst. Ar ring 778 cm-1.

H y d ra z in o ly s is  o f  p h th a li in id ra z o n e  d e r iv a tiv e s  (9 ) 

4- (2 ,2 -D im e th y lh y d ra z ii io ) - l( 2 H ) -p l i th a la z in o n e  (1 0 a )

A mixture of 3-oxo-l-(2,2-dimethylhydrazono)isoindoline (9 a ; 3.78 g; 0.02 mole) and 
72% hydrazine hydrate (4 ml) was refluxed in ethanol (40 ml) for 6 h in a flask equipped with 
a reflux condenser. The intensely yellow solution slowly became colourless with the evolution 
of ammonia. After the addition of water, the solvent and the excess hydrazine were evaporated 
in vacuum. The solid residue was suspended in some water, neutralized with hydrochloric acid 
and filtered off to obtain the product (3.78 g; 92.6%; m.p. 195—199 °C). It crystallized as long 
colourless needles from water, which disintegrated into a powder when heated slightly (e.g., 
under a lamp); m.p. 199—201 °C.

Cl0H12N4O (204.2). Calcd. N 27.4. Found N 27.6%.
IR: t-NH 3222, 3300—2700; vN— CH3 2818, 2773; i'COamide 1640; rC=N 1588; ŐNH 

1560; 1,2-disubst. Ar ring 753 cm-1.
The combined mother liquors yielded 0.16 g (5%) of aminophthalazinone (m.p. 270 — 

271 °C) on evaporation.

4 - (  Л - P ip r r id in o a m in o ) - 1 (2  / /  ) - piit h a la z in o n e  (1 0 b )

A mixture of 3-oxo-l-(A-piperidinoimino)isoindoline (9 b ; 2.29 g; 0.01 mole) and 72% 
hydrazine hydrate (2.5 ml) was refluxed in ethanol (25 ml) for 6 h. The solution which became 
colourless was diluted with water (300 ml) and neutralized with hydrochloric acid. The crude 
product was 1.95 g, m.p. 221—224 °C. Needles with fan-shaped arrangement were obtained 
from aqueous ethanol (2 : 1), plates from much water (1.72 g; 70.4%), m.p. 230 — 232 °C.

Ct3H16N40 (244.3). Calcd. N 22.9. Found N 23.0%.
IR: rNH 3250, 3192: rNHamide 3450-2600; vN—CH2 2821, 2803; rCOamide 1641; <5NH 

1534; <5NHamide 1563; rC=N 1590; 1,2-disubst. Ar ring 784 cm-1.
The mother liquors yielded a by-product (0.40 g; 24.8%) which was identified as 4- 

aminophthalazinone (4) (m.p. 269 — 272 °C).

4 - ( iV -H o m o p ip e r id in o a m in o ) - l (2 H ) -p h th a la z in o n e  ( lO e )

3- Oxo-l-(JV-homopiperidinoimino)isoindoline (9c; 14.58 g; 0.06 mole) was refluxed with 
72% hydrazine hydrate (15 ml) in ethanol (100 ml) for 6 h. The solution was then diluted with 
water (lOOO ml), neutralized with hydrochloric acid and the crystalline product was filtered 
off (12.62 g; 81.5%). Colourless prisms were obtained from ethanol; m.p. 198 — 200 °C.

C,4H18N40  (258.3). Calcd. N 21.7. Found N 21.6%.
IR: rNH 3270, 3210; t-NHamide 3380—2600: vN -C H 2 2823; rCOamide 1640; rC=N 1590; 

ŐNH 1528; <5NHamide 1560; 1,2-disubst. Ar ring 742 cm -1.
4- Aminophthalazinone (1.38 g; 14.3% m.p. 269 — 272 °C) was isolated from the mother

liquor.
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4 - ( iV -M o rp h o l in o a m in o ) - l (2 / / ) -p h th a la z in o n e  (1 0 d )

A mixture of 3-oxo-l-(iV-morpholinoimino)isoindoliiie (9d: 2.31 g; 0.01 mole) and 72% 
hydrazine hydrate (2.5 ml) was refluxed in ethanol (25 ml) for 6 h. Water was added to the 
almost completely colourless solution, and the solvent was evaporated in vacuum. An aqueous 
suspension of the solid residue was neutralized with hydrochloric acid and filtered off to obtain 
the crude product (2.23 g; m.p. 213 — 217 °C); colourless prisms after recrystallization from 
much ethanol (1.93 g; 78.4%), m.p. 225—227 °C.

C,„H,4N40 , (246.3). Calcd. N 22.7. Found N 22.7%.
IR: >>NH 3232; 3195; vNHamide 3400-2700; vN-CHj 2834; rCOam|de 1649; <5NHamide 

1572; <5NH 1552; vC=N 1602; r C -0  1112; 1,2-disubst. Ar ring 786 cm"1.
4-Aminophthalazinone (0.26 g; 16.2%, m.p. 269—273 °C) was obtained from the com

bined mother liquors.

4 - (2 ,2 - D im e th y lh y d ra z in o ) -2 -m e th y l- l (2 H ) -p h th a la z i i io n e  (1 1 a )

(a) 3-Oxo-l(2,2-dimethylhydrazom)isoindoline (9 a ; 3.78 g; 0.02 mole) was refluxed with 
methylhydrazine (4 ml) in ethanol solution (30 ml) for 15 h. After evaporation in vacuum, the 
viscous residue was extracted with hot petroleum ether (b.p. 80—120 °C) to obtain 1.83 g 
(42.0%)colourless salt-like crystals, m.p. I l l  —112 °C. The component poorly soluble in petro
leum ether was 4-amino-2-methyl-l(2H)-phthalazinone (5 a : 1.71 g; 53.1%), m.p. 162—163 °C.

(fe) Compound 1 0 a  (2.04 g; 0.01 mole) was dissolved in cold methanolic (100 ml) potas
sium hydroxide (5.6 g) to give a solution with a reddish brown colour. Dimethyl sulfate (5 ml) 
was added dropwise under mechanical stirring, the mixture was allowed to stand for 1 h, then 
evaporated to dryness in vacuum. The red solid mass was extracted with dichloromethane at 
room temperature and the extract was evaporated. The strongly coloured evaporation residue 
gave the methylated product (1.05 g; 48. 1%) as a pale yellow syrup after extraction with hot 
ether. Colourless crystals were obtained from petroleum ether; m.p. I l l  — J13°C. According 
to the mixed m.p. and IR spectra, the product was identical with the compound prepared 
according to (a).

CmH14N40 (218.3). Calcd. N 25.7. Found N 25.7%.
IR: i'NH 3238; vN -C H 3 2819, 2774; rCOamide 1638; vC=N 1578; <5NH 1535; 1,2-disubst. 

Ar ring 730 cm"1.

4 - (IV -P ip e r id ii io a m iiio ) -2 -n ie th y l- l(2 j7 ) -p h tl ia la z ii io i ic  ( l i b )

(a) 3-Oxo-l-(iV-piperidinoimino)isoindoline (9b , 4.58 g; 0.02 mole) was allowed to react 
with methylhydrazine (4 ml) in ethanol (30 ml). After refluxing for 15 h, the solution was 
evaporated in vacuum. The evaporation residue was extracted with hot petroleum ether 
(2x100 ml; b.p. 80—120 °C). The substance which separated from the solution and the in
soluble residue of the extraction were 4-amino-2-methyl-l(2H)-phthalazinone (2.03 g; 58%; 
m.p. 162—163 °C). After filtration, the petroleum ether solution was evaporated to dryness 
and the solid residue crystallized from water, to obtain colourless needles. The hydrate had 
m.p. 59—62 °C. The substance became sticky when dried at room temperature over phosphorus 
pentoxide in vacuum. On drying first at 56 °C and then at 78 °C, a crystalline substance was 
obtained, m.p. 89—91 °C; yield: 1.90 g (36.8%).

(b) Compound 10b (0.488 g; 2 mmoles) was dissolved in methanolic (20 ml) potassium 
hydroxide (1.2 g). Dimethyl sulfate (1.0 ml) was added to the yellow solution under stirring, 
then the methanol was evaporated in vacuum. The solid residue was extracted with cold 
dichloromethane. From the evaporation residue of the dichloromethane solution (about 0.5 g) 
the methylated product was extracted with hot petroleum ether (b.p. 80—120 °C) (0.228 g; 
44.1%). Colourless needles were obtained on recrystallization from water; m.p. 89—90 °C 
(after drying).

C14Hl8N40 (258.3). Calcd. N 21.7. Found N 21.8%.
IR: i NH 3200; i’COamide 1630; vC=N 1573; ÓNH 1535 cm"1.

4 - ( iY -H o n io p ip e r id in o a m iiio ) -2 -m e th y l- l(2 H )-p h th a la z ii io i ic  (1 1 c )  h y d ro c h lo r id e

( a )  A mixture of 9e (4.86 g; 0.02 mole) and methylhydrazine (4 ml) was refluxed in etha
nol (30 ml) for 15 h. The evaporation residue of the solution wras extracted with hot petroleum 
ether to obtain a yellowish syrup (2.15 g; 39.5%), well soluble in hydrochloric acid; the com
pound could not be crystallized in the base form. The acid solution was evaporated to dryness
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in vacuum to yield colourless crystals, which would be readily recrystallized from a mixture 
of ethanol and ether. The hydrochloride had m.p. 121—123 °C. The substance poorly soluble 
in gasoline was 4-amino-2-methyl-l(2H)-phthalazinone (1.90 g; 54.3%; m.p. 162—163 °C).

(6) Dimethyl sulfate (2.5 ml) was added dropwise, with stirring, to a solution of 10c 
(1.20 g; 5 mmoles) in methanolic (50 ml) potassium hydroxide (2.8 g). After standing for 1 h, 
the solution with deepening colour was evaporated to dryness in vacuum, and the dry residue 
was extracted with cold dichloromethane. After the removal of the solvent the dark brownish- 
red resin was treated with hot ether to obtain a yellow honey-like material (0.50 g; 36.8%), 
which was converted into the hydrochloride as described in (a). Recrystallization from a mix
ture of ethanol and ether gave colourless crystals, m.p. 120—122 °C. This product was identical 
with the substance made according to (a ) .

C15H„0N4O • HC1 (308.8;. Calcd. Cl 11.5; N 18.1. Found Cl 11.8; N 18.0%.
IR: rNH 3200; i>NH+ 3100—2000; rCOamide 1652; rC=N or <5NH 1588; 1,2-disubst. 

Ar ring 775 cm-1.

4 - (  \ - M n rp l io l in o a m in o ) -2 -m e l  h y l - 1 ( 2  / / ) - p h th a la /.in o n e  ( l i d )

( а )  A solution of 9d (4.62 g; 0.02 mole) and methylhydrazine (4 ml) in ethanol (30 ml) 
was refluxed for 15 h. After evaporation to dryness in vacuum the residue was treated with 
hot petroleum ether (b.p. 80—120 °C) (2x150 ml) to obtain a crystalline product (1.61 g; 
31.0%), m.p. 98—102 °C. Recrystallization from water gave colourless needles, m.p. 103— 
105 °C. After drying in vacuum over phosphorus pentoxide at 78 °C, the m.p. increased to 
144—145.5 °C. The other product, poorly soluble in petroleum ether, was 4-amino-2-methyl- 
l(2iT)-phthalazinone (2.15 g; 61.5%; m.p. 162—163 °C).

(б) Compound lOd (0.492 g; 2 mmoles) was methylated with dimethyl sulfate (1.0 ml) 
in methanolic (20 ml) potassium hydroxide (1.2 g) solution. The reaction mixture was processed 
in the usual manner (extraction with dichloromethane, then with petroleum ether) to obtain 
the methyl derivative (0.390 g; 75.0%). Recrystallization from water gave colourless needles 
m.p. 144—145.5 °C (after drying at 78 °C in vacuum over phosphorus pentoxide). The substance 
was identical with that prepared according to (o).

C13H16N40 2 (260.3). Calcd. N 21.5. Found N 21.6%.
IR: vNH 3285, 3239, 3210; rCOamide 1642; rC=N 1570; <5NH 1535; rC—О 1105; 1,2-di- 

subst. Ar ring 772 cm-1.
*

The authors’ thanks are due to Dr. F. R u ff  for his help in recording and evaluating 
the IR spectra. Elemental analyses were made in the Microanalytical Laboratory of the De
partment (head: Dr. H. Me d z ih r a d s z k y ). The starting materials were supplied by the BRIS
TOL Laboratories, Syracuse, N.Y., USA; their help is gratefully acknowledged.
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Treatment of t r a n s ( a ) -  o r  cis(/?)-4-hydrrxyisoflavan ( la ,  lb )  with tosyl chloride 
in pyridine gives, instead of the expected tosylates, the same isoflavan-4-(l-pyridinium) 
tosylate (IV a). The anion of IV a  is exchangeable for other anions. Reductive methods 
convert IV a  to isoflavan (V II) and 4-[l-(l,4-dihydropyridyl)]isoflavan (V II I ) ;  in alkaline 
medium it can be converted to isoflav-3-ene ( II ) .

D uring  th e  la s t  decade  syn theses o f  vario u s C4-su b s titu te d  iso flav an s of 
b io logical a c tiv ity  h av e  been  rep o rted . Ca r n e y  et al. [1] d esc rib ed  co n tracep 
tiv e s  o f th e  3 ,4 -d ipheny lch rom an  ty p e . T h e  p rep a ra tio n  o f su ch  deriv a tiv es  
w ith  sim ilar b io a c tiv ity  has also been  re p o r te d  b y  G erm an [2, 3] an d  In d ian  
[4— 6] a u th o rs . T hese syn th eses  in v o lv ed  e ith e r  coum arin  d e r iv a tiv e s , o r th e  
G rig n a rd  reac tio n  o f  iso flavone w ith  phen y lm ag n esiu m  b ro m id e . I n  th e  la tte r  
case th e  4 -p h en y l-4 -hydroxy iso fIavans fo rm ed  upon d e h y d ra tio n  g av e  isoflav-
3- ene de riv a tiv es . C a ta ly tic  h y d ro g e n a tio n  com pleted  th e  sy n th e se s  o f  the
4 - p h eny liso flavan  d e riv a tiv e s .

In  th e  p resen t p a p e r  th e  syn theses a n d  p ro p ertis  of a h e te ro a ry l analouge 
o f  th e se  d ip h en y lch ro m an s is described .

Sodium  b o ro h y d rid e  red u c tio n  o f iso flav an o n e  gave a m ix tu re  o f th e  
4 -h y d ro x y iso flav an  ep im ers. In  our e x p e rim e n ts  — despite  th e  c la im ed  s te reo 
sp ec ific ity  [7, 8] —  a b o u t 30%  o f íran s-4 -h y d ro x y iso flav an  ( la )  a n d  70%  of 
th e  co rrespond ing  cis d e riv a tiv e  (lb) w as o b ta in e d  a t room  te m p e ra tu re .  These 
co m p o u n d s are  sep arab le  in  th e  form  o f th e ir  ace ta tes b y  c ry s ta ll iz a tio n  [9, 
10].

4 -H y d ro x y iso flav an s ( la , lb  or th e ir  m ix tu res) in d ic h lo rm e th a n e  failed 
to  re a c t w ith  an eq u im o la r am o u n t o f  to sy l ch loride and  tr ie th y la m in e  [11]. 
I n  tr ie th y la m in e  so lu tio n , how ever, th e  re a c tio n  resu lted  in  th e  fo rm a tio n  of 
iso flav -3 -ene  (II) alm o st exclusively .

S odium  alcoho la tes o f  l a  and  lb  —  in  accordance w ith  l i te r a tu r e  d a ta
[12] —  also failed to  give th e  to sy la te s  or II. In  fu r th e r  ex p e rim e n ts , a m ix tu re

* Presented in part at the Fourth Hungarian Bioflavonoid Symposium, “Topics in 
Flavonoid Chemistry and Biochemistry” (Eds L. F a r k a s , M. Gábor and F. K á l l a y ), p. 139. 
Akadémiai Kiadó, Budapest and Elsevier, Amsterdam 1975.
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Table I

Melting points o f  various isoflavan -4-(l-pyrid in ium ) salts (V)

Compound Anion (X~) Melting point
[°C1

IVa T sO - 1 3 6 - 7

V ci- 2 3 2 - 5

Vc I - 1 7 1 - 2

Vd cio^ 182

Ve picrate 163

o f l a  a n d  lb  was tre a te d  w ith  to s y l  chloride in  d ry  p y r id in e  [13]. The re a c tio n  
m ix tu re  co n ta in ed  some u n c h a n g e d  s ta rtin g  m a te r ia l  as w ell as II, and  a new  
c o m p o u n d . This new c o m p o u n d  w as shown by  P M R  a n d  elem enta l analysis to  
h e  th e  p y rid in iu m  salt IVa. T h e  to sy la te  anion o f IVa co u ld  be read ily  ex ch an g ed  
fo r o th e r  anions, c o rro b o ra tin g  th e  s tru c tu re . T he m e ltin g  po in ts of these  new  
sa lts  a re  sum m arized  in  T a b le  I .

4 -H y d ro x y iso flav an s g iv e  n e ith e r  IVa w ith  p y r id in e , nor II w ith  tr ie th y l-  
a m in e . T hese  products a re  fo rm e d  only in th e  p re sen ce  o f to sy l chloride a n d  
th e  co rresp o n d in g  base, su g g e s tin g  th e  tra n s ito ry  fo rm a tio n  of the  to sy la te  III. 
T r ie th y la m in e  and p y rid in e  c o n v e rts  III in to  II a n d  IVa, respectively .

In  o rd er to  o b ta in  d a ta  concern ing  th e  m ech an ism  of th is  “ to s y la tio n ” 
re a c tio n , la  and lb w ere t r e a te d  separa te ly  u n d e r  th e  above cond itions; th e  
r e a c tio n s  led  to  th e  fo rm a tio n  o f  th e  sam e p ro d u c t, IVa. P M R  and m elting  p o in t

H (.,/A /

(IVa, V) R =

(VIII) R =

Fig. 1. Structure o f  th e  dihydropyran ring in  IV a, V and VIII
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P VIMDISB --------- ! T r i

T i "

Scheme 1

d e te rm in a tio n s  show ed th e  id e n tity  o f p ro d u c ts  from  la  and  lb . O n th e  basis 
o f  th e se  ex p erim en ts  th e  fo rm atio n  o f to sy l e s te rs  (III) of th e  alcoho ls la  an d  Ih 
is p ro b ab le . O w ing to  th e  m esom eric e ffec t o f  th e  tosy loxy  g ro u p , th is  com 
p o u n d  can  decom pose to  give th e  ca rb o n iu m  ion VI and th e  to s y la te  an ion . 
T h e  ca rb o n iu m  ca tio n  is th e n  a tta c k e d  b y  th e  non-bonding  e le c tro n  p a ir  of 
p y rid in e , so th a t  th e  p y rid in e  ring  occupies th e  position  fa r th e r  a w a y  fro m  th e  
C3-p h en y l group . T he p rocess th ere fo re  re su lts  in  th e  fo rm ation  o f  th e  sam e IVa 
e ith e r  from  la  or lb.
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Table II

P M R  data of  la , lb and VIII*

Position of Number of
Chemical shift 

(ppm)
Coup, const. 

(Hz)Compound protons
1

Configuration

c 2 2 4.16—4.52 m 4-OH (a’)

lb C3 1 3 .3 2 -3 .5 1  m J  3(4 =  3.5 3-Ph (e)

acetate C4 1 5.89 d

O-acetyl 3 1.78 s cis

c 2 2 4 .2 0 -4 .3 2  m 4-OH (e’)

la c 3 1 3 .1 2 -3 .2 8  m J 3,4 =  6.5 3-Ph (e)

acetate C4 1 6.11 d

O-acetyl 3 1.90 s trans

C2 2 4.32—4.62 m

c 3 1 3 .8 0 -4 .0 5  in

Vb C. 1 —

aH 2 8 .6 8 -8 .7 1

/Ш 2 7 .8 1 -7 .9 5

yH 1 8 .3 1 -8 .4 3

c 2 2 4.0 - 4 . 4  in

VIII C3 1 3 .1 0 -3 .3 6  in =  8.1 3-Ph (e)

C4 1 5.5 d 4-Py (e’)

a l l 2 4.0 —4.4 m trans

/Ш 2 4.0 —4.4 m

yH 2 2.8 m

* Solvent: DMSO-d„; reference: sodium 3-trim ethylsilylpropionate

T rie th y lam in e , h o w ev e r, is a stronger b ase  th a n  p y rid in e . In  tr ie th y la m in e  
so lu tio n  th e  p ro ton  o f  VI is rem oved  by  th e  so lv e n t y ie ld in g  II.

T h e  s tru c tu re s  o f  IVa an d  V have been  s tu d ie d  by  PM R sp ec tro sco p y . 
T h e  p ro to n s  of th e  p y ra n  r in g  in  IVa and V fo rm  an  ABM X  system , s im ila r  
to  th e  one found in 3 ,4 -d isu b s titu te d  ch rom ans [14, 15, 19]. The s tru c tu re s  o f  
su ch  com pounds can  be ch a ra c te rise d  by  th e  J MX co u p lin g  co n stan ts , re p re s e n t
in g  th e  ste ric  re la tio n s o f  C3— H  (M) and C4— H  (X ). U nlike the  case o f 4 -h y - 
d ro x y - a n d  4 -ace to x y iso flav an  d eriva tives, th e  C4-p ro to n  is strong ly  in flu en ced  
b y  th e  C 4— N + s u b s t i tu e n t ,  re su ltin g  in a s tro n g  p a ram ag n e tic  sh ift in  co m 
p o u n d s  such  as IVa a n d  V. B ecause of th is  sh if t, th e  signal of C4—H  a p p e a rs  
in th e  a ro m atic  reg ion  to g e th e r  w ith a ro m a tic  p ro to n s , m aking d irec t P M R  
s tru c tu re  d e te rm in a tio n  im possib le .
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In  o rd er to  overcom e th e  p rob lem  o f  PM R  s tru c tu re  d e te rm in a tio n , Vb 
was reduced  to  th e  co rrespond ing  1 .4 -d ih y d ro p y rid il deriv a tiv e  (VIII) b y  th e  
N a,S20,j m ethod  [20, 21]. This red u c tio n  o f  know n  m echanism  leaves th e  ste reo 
ch em istry  a t  C3 an d  C 4 unchanged , th e re fo re  th is  m ay be reg a rd ed  as id en tica l 
in IVa, V an d  VIII. In  th e  la t te r  co m p o u n d  th e  C4—H  shows a d o u b le t t  in  th e  
P M R  sp ec tru m  (ő =  5.5 ppm , J 3 4 =  8.1 H z). This m eans th a t  C3— H  and 
C4— H  are in  fran s-d iax ia l position , in d ic a tin g  th e  d iequ a to ria l re la tio n  o f th e  
a ro m atic  C3- an d  C 4-su b s titu e n ts  in IVa an d  V (Fig. 1).

The Pd/C  h y d ro g en a tio n  o f iso flav an -4 -(l-p y rid in iu m ) sa lts  ta k e s  w ith  
a C 4— N bond  c leavage, s im ilarly  to  t h a t  observed  in IV -benzylpyrid in ium  
sa lts  [16]. Vb u p o n  Pd/C  h y d ro g en a tio n  gives isoflavan  (VII) in  an  a lm ost 
q u a n tita tiv e  y ie ld . In  d ilu te  alkaline so lu tio n  Vb decom poses to  p y rid in e  and 
isoflav-3-ene (II). B o th  reac tio n  c o rro b o ra te  th e  s tru c tu re  a ss ig n m en ts  o f IVa 
and V.

Experim ental

M .p.’s are uncorrected. PMR spectra were recorded on a JEOL LNM M H 100 in
strum ent. The TLC adsorbent was of a Merck DC-Alurolle Kieselgel F-254 type; developing  
solvent system s: benzene: ethanol =  96 : 4, and petroleum  ether: ethyl acetate = 9 1 : 9 .

T ra n s -4 -a c e to x y is o f la v a n  a n d  c is -4 -a c e to x y iso f la v a n

Isoflavanone (17.92 g; 0.08 mole) was reduced w ith  sodium borohydride in ethanol at 
room tem perature. The m ixture of the resulting 4-hydroxyisoflavans was then acy la ted  by the 
usual m ethods [7, 17] (pyridine, Ac20 )  to obtaine a m ixture of the cis- and írans-4-aeetoxyiso- 
flavans (19.15 g; 89.5% ), m .p. 60 — 65 °C. The m ixture w as then fractionated by crystallization  
from a 10 : 1 m ixture of petroleum  ether : ethyl aceta te  to yield 8 g (41.8% ) o f c is-4-acetoxy- 
isoflavan m.p. 9 4 — 95 °C (lit. [7] m.p. 93 °C), and 1.75 g (9.15% ) of traris-4-acetoxyisoflavan, 
m.p. 72— 73 °C (lit. [18] m .p. 72—73 °C). The PM R  data  are shown in Table II.

C is-(ß ) -4 h y d ro x y iso f la v a n  ( lb )

C is-4-acetoxyisoflavan (2.68 g; 0.01 mole) w as dissolved in ethanol (20 ml) and 0.011 
mole of sodium  hydroxide (0.58 ml of a 50% solution) w as then added. The solution w as refluxed  
for 5 h* and worked up as given  in the literature [7] to obtain  2.0 g (88.5% ) of lb ,  m .p. 75 °C 
(lit. [19] m.p. 75 °C).

PMR: J 3 4: 3.0 Hz (CDC13) (lit. [19] J 3|4 2.9 H z).

Trans ( a )-4 -h y d ro x y is o f la v a n  ( l a )

T rans-4-acetoxyisoflavan (1.34 g; 0.005 m ole) w as dissolved in ethyl alcohol (10 m l) and 
0.0055 mole (0.29 ml of a 50%  solution) o f sodium  hydroxide was added. The solution  was 
refluxed for 5 min.* The usual work-up gave 1.0 g (88 .5% ) of l a ,  m.p. 96 97 °C (lit. [18] m.p.
97— 97.5 °C).

PMR J 34: 8 H., (CDC13) (lit. [18] J 3>4; 8.0 H z).

* The rates o f hydrolysis are very different for cis- and ir<ms-4-acetoxyisoflavan deriva
tives. This fact provides a possib ility  o f attaining a h igh  yield in the preparation o f  l a .  This 
will be reported elsewhere.
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I s o f la v a n -4 - ( l -p y r id in iu m ) p - to lu e n e s u l f o n a te  ( IV a )

4-hyd roxyisoflavan  (0.92 g; 0 .004  m ole) (m ixture o f the cis- and trans isomers, or e ith er  
the pure c is  or trans compound) w as dissolved in dry pyridine (4 ml) and cooled to 0 “X .  
p -T olu en esu lfon y l chloride (1.14 g; 0 .006 m ole) was then added , the mixture was allow ed to  
react a t  0 °C for 1 day, and poured in  to  w ater (20 ml). The solution  was extracted w ith 3 x 1 0  m l 
of e th er, an d  then  w ith chloroform. T he etheral solution contained the unchanged starting m a 
teria l, as w e ll as isoflav-3-ene (TCL). T he chloroform solution  w as dried over M gS04 and d ilu ted  
w ith  30 m l o f  ethyl acetate. The w h ite  crystals w ich separated were collected (IV a); 1.26 g 
(68 .4% ), m .p . 136— 137 °C.

C2,H„sN 0 4S (459.5). Calcd. C 70.58 H 5.48; S 6.98; N . 3.05. Found C 69.49; H  5.28  
S 6.99; N  2*99%.

I s o f Ia v a n -4 - ( l - p y r id in iu m )  c h lo r id e  (V b )

IV a (0 .46  g; 0.001 mole) was d issolved  in 10 ml o f CHC13 saturated w ith water. This so lu 
tio n  w a s th e n  shaken w ith 2 g o f pow dered calcium chloride for 10 m in, filtered, and the chloro
form  so lu tio n  w as diluted w ith 10 m l o f ethyl acetate. The crystals which separated were co l
lec ted  b y  filtra tion  to obtain 0.28 g (86% ) of Vb, m .p. 232— 235 °C.

C20H 18NOC1 (328.8). Calcd. N  4.32; Cl 10.94. Found N  4.28; Cl 10.77%.

I s o f la v a n - 4 - ( l - p y r id in iu m )  io d id e  (V c )

C om pound IV a (0.46 g; 0.001 m ole) was dissolved in  50 m l of dry acetone. Sodium  iodide  
(1.5 g) w a s added, and the m ixture w as shaken for 1 h, filtered , and the filtrate concentrated  
to 5 m l. D ilu tio n  with 10 ml of w ater resulted in the separation  of yellow  crystals, 0.25 g (61% ), 
m .p . 171 — 172 °C.

C20H ,8NO I (415.3). Calcd. N  3.37; I 30.56. Found N  3.40; I 30.30% .

I s o f la v a n - 4 - ( l - p y r id in iu m )  p ic r a te  (V e)

A  so lution  of IV a (0.46 g 0.001 m ole) in 10 m l o f w ater was mixed with a 2%  aqueos 
so lu tio n  o f  picric acid by adding th e  la tter  dropwise un til the separation of crystals w as com 
p le te . T h e  product 0.48 g; (92% ) had  m .p. 163 °C.

C2eH 20N4O8 (516.48). Calcd. C 60.46; H 3.86; N  10.06. Found C 62.74; H 4.60; N  10.10% .

I s o f la v a n - 4 - ( l - p y r id in iu m )  p e r c h lo ra te  (V d)

Com pound IV a (0.46 g; 0.001 m ole) was dissolved in 10 m l of water, and 60%  perchloric  
acid  w as added dropwise until th e  separation o f w hite crystals was complete. The product 
w as 0 .3 8  g (99% ) of white crystals, m .p. 182 °C.

C20H I8NO5Cl (373.8). Calcd. C 62.26; H 4.72; N  3.63. Found C 61.27; H 4.70; N  3.55% .

4 - [ l - ( l ,4 - D ih y d r o p y r id y l ) ] i s o f I a v a n  (V II I )

T o an aqueous solution o f (0 .324 g 0.001 m ole) o f Vb there was added 0.32 g o f anhydrous 
so d iu m  carbonate, and the so lution  was cooled to 0 °C. N itrogen was passed through the so lu
tio n  during the 10-min period o f  th e  addition of 0.66 g sodium  dithionite dissolved in  20 m 
o f  w a ter. The reaction m ixture w as then allowed to stand for 2 h, and the white m ass o f  crys
ta ls  w a s filtered off under n itrogen , washed w ith  w ater, and dried to obtain 0.21 g (71% ) of 
V III, m .p . 8 6 - 8 8  °C.

C20H 19NO (289.6). Calcd. C 83.04; H 6.57; N  4.84. Found C 82.82; H 6.46; H  4.95% .

C a ta ly tic  h y d ro g e n a tio n  o f  Vb

Com pound Vb (0.324 g; 0.001 m ole) was d issolved  in 30 ml of ethyl alcohol and 0.3 g 
P d/C  (10%  Pd) was added to th e  solution . H ydrogenation was continued until the absorption  
o f  24 .5  m l hydrogen (about 60 m in). The catalyst w as th en  rem oved by filtration and the solu
tio n  evaporated  in vacuum  to leave  an oil. C rystallization from  80% aqueous ethyl alcohol gave 
0 .20  g (96.2% ) of isoflavan (V II) , m .p. 55— 56 °C (lit. [7] m .p. 54— 55 °C).
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A lc a lin e  d e c o m p o s itio n  o f  Vb

Compound Vb (0.97 g; 0.003 mole) was dissolved in 10 ml of water, and 0.0033 mole of 
sodium hydroxide (0.132 g of NaOH in 1 ml of water) was added. After 30 min,the solid, which 
deposited was removed from the orange solution by filtration. Crystallization from 80% ethyl 
alcohol gave 0.22 g (28.7%) isoflav-3-ene (II), m.p. 89—90 °C ( l it . [18] m.p. 90—91 °C).
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A NEW ANOMALOUS RACEMATE

L. T ő k e , 1 M. Á c s ,1 E . F o g a s s y , 1 F .  F a i g l , 1 S . G á l 2 and J .  S z t a t is z 2
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T e c h n ic a l  U n i v e r s i t y ,  B u d a p e s t )
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A ccepted for publication October 20, 1978

In the course of the resolution o f racem ic 6-phenyl-2,3,5,6-tetrahydro-im idazo- 
[2 ,l-b ]th iazole, the physical properties o f the racem ate, the pure enantiom ers and of 
a com position containing the enantiom ers in 3 : 1 ratio were found to  be different in 
both the solid sta te  and in solution. The relatively  stable m olecular com plex  containing 
the antipodes in 3 : 1 ratio is called an ‘anom alous racem ate’.

In  an  earlie r p a p e r  [1] we rep o rted  th e  reso lu tion  o f  racem ic  6-phenyl- 
2 ,3 ,5 ,6 -te trah y d ro -im id azo [2 ,l-6 ]th iazo le  (R , S - l) ,  a com pound  w ith  an tihel- 
m in tic  effect.

T he o p tica l isom ers w ere sep a ra ted  b y  m eans o f  0 ,0 -d ib e n z o y l-f? ,Ä -ta rta ric  
acid  (D B T A ); th e  m e th o d  in  ou tline  is show n below .

R  1
DBTA

a (R  — 1)

(2R S  l ) SOH d - ( 2 R S  l ) aq.soln. AÜ252A

[(1 —a) R  — l  +  S - l ]

(1 a )R , S  * 1 +  a ( S - l )

w here a max =  0.7.

A ccord ing  to  o u r experience, th e  n e u tra l  D B TA  sa lt o f  R - l  can  no t be 
o b ta in ed  in  y ield  h ig h er th a n  70% , e ith e r  b y  th e  m eth o d s g iven in  th e  lite ra tu re  
[3—6] or b y  th e  p ro ced u re  em ployed b y  us.
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H o w e v e r, th e  fac to r l im it in g  th e  yield is n o t th e  so lu b ility  of th e  sa lt, as 
in d ic a te d  b y  th e  follow ing e x p e rim e n ts .

(a ) T h e  n eu tra l sa lt o f  R - l  fo rm ed  w ith  0 ,0 -d ib e n z o y l-R ,R - ta r ta r ic  acid  
is p r a c t ic a l ly  insoluble u n d e r  th e  exp erim en ta l co n d itio n s  of th e  re so lu tio n  
p ro cess .

(b) T h e  enan tiom er R - l  c a n  b e  recovered w ith  D B T A  from  a series of 
iso m eric  m ix tu res  p rep ared  f ro m  th e  racem ate  an d  p u re  R - l ,  and  in  each  case 
th e  y ie ld  is determ ined  ex c lu s iv e ly  b y  the  d ev ia tio n  o f th e  com position  o f  th e

Mp
о  r

90 

60 
70 

50 
50 

Д0 
30 

20 
10

100 90 80 70 60 50
S-isom er  con ten t , %

Fig. 1. D ependence o f the m elting point on the com position

s o lu tio n  from  th e  3S  : 1R  r a t io  o f  th e  enan tiom ers. (H ow ever, in aqueous solu- 
t io n , in  th e  presence o f a m in e ra l ac id , th e  excess iso m er can  be se p a ra te d  from  
th e  r a c e m a te  in high p u r i ty  a n d  in  sa tisfac to ry  y ie ld  [1].)

I n  o rd er to  exp la in  th e  ex p e rim en ta l o b se rv a tio n s , th e  d ependence  o f 
th e  m e ltin g  poin t of th e  c o m p o u n d  on th e  o p tica l p u r i ty  was f irs t  ex am in ed
(F ig . 1).

T h e  m elting  p o in t c u rv e  w ith  tw o m in im a does n o t  agree w ith  th e  shape  
o f  m e lt in g  po in t curves c h a ra c te r is tic  of tru e  ra c e m a te s  well know n from  th e  
l i t e r a tu r e  [7]. S trik ing ly , o n e  o f  th e  m inim a (M l) on th e  curve n u m erica lly  
ag rees  w ith  th e  isom eric co m p o s itio n  rem ain ing  in  so lu tio n  d u ring  th e  re so lu 
t io n  p rocess.

In  th e  IR  sp ec tra  re c o rd e d  in  K B r pelle ts, th e  in ten s itie s  o f th e  d o u b le ts  
a t  1595 c m “ 1 and 1585 c m -1  also  show  extrem e v a lu es  a t  75%  S - l  e n a n tio m e r 
c o n te n t  (F ig . 2a).

T h e  th e rm al b e h a v io u r o f  th e  sam ples was th e n  exam ined . T he re su lts  o f 
th e  e v a lu a tio n  of th e  DSC a n d  T G  curves are su m m arized  in T ab le  I. T he h e a t 
c o n su m p tio n  observed d u r in g  th e  DSC ex p erim en ts  is th e  sum  o f th e  h e a ts  o f
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Fig. 2.  Intensities o f the bands at 1585 cm -1 and 1595 c m -1 in the IR spectra o f compound 1 
vs. the antipode content (a) in  K Br; (6) in CHC13

m eltin g  o f S - l  an d  R ,S -1 an d  o f th e  h e a t o f  d isso lu tion  o f R ,S -1 in  th e  melt* 
A ssum ing th a t  th e se  h e a t q u a n titie s  are  a d d itiv e  in  p ro p o rtio n  to  th e  ra tio  of 
th e  enan tio m ers , in  th e  know ledge o f  th e  h e a ts  o f  m elting  o f th e  p u re  en an tio -

T ab le  I

Thermal analysis data and dissolution heat values

S-isomer
content

DSC analysis Tg analysis

No. of 
sample

Max. I Max. II Qmeasured vdleeoc. Step I Step II Step III
%

temperatüre C° Joule/g
till 250 °C till 400 °C till 620 °C

l 100 59.5 — 91.56 — 67% 16% —

2 97 56.5 — 104.16 - 1 7 .2 2 25% 56.5% 12%
3 95 56.5 — 82.00 10.92 28% 47% 10%
4 90 56.5 64.0 88.62 9.66 21.5% 55% 13%

5 86 55.0 68.0 84.00 - 1 7 .6 4 18% 57% 14%
6 81 55.5 74.0 88.20 - 1 6 .8 0 19.5% 49% 13.5%

7 78 56.5 78.5 68.88 — 38.22 16% 51% 14%
8 75 56.0 82.0 89.46 - 1 9 .7 4 24% 41-5% 11.5%

9 72 55.0 82.0 89.46 15.54 19% 47.5% 11.5%

10 69 54.5 84.0 81.90 - 3 1 .9 2 15.5% 49% 14.5%

11 66 53.0 85.5 91.56 - 4 1 .1 6 15.5% 49% 12.5%

12 61 53.0 86.5 77.28 - 4 2 .0 0 17% 44.5% 14%

13 55 — 90.0 64.68 - 5 8 .8 0 13% 47% 14.5%

14 50 — 90.5 127.26 — 18.5% 42% 14%
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m ers a n d  th e  racem ate , th e  h e a ts  o f  d isso lu tion  belong ing  to  th e  in d iv id u a l 
co m p o s itio n s  can he c a lc u la te d  accord ing  to  th e  fo llow ing co rre la tio n :

^dissolution ~  Omeasured %Qs—1 (1 Ai) Qr,s—1

w h ere  x  is th e  mole fra c tio n  o r  w eigh t frac tio n .
W h e n  th e  hea ts  o f d isso lu tio n  ca lcu la ted  ((^dissolution) are p lo tte d  as a 

fu n c tio n  o f  th e  com position , th e  cu rv e  has a local m ax im u m  a t 78%  S-isom er 
c o n te n t  (F ig . 3).

Fig. 3. Calculated heat o f solution vs. com position

T h e re  is an in te re s tin g  d ifference in  th e  th e rm o g ra v im e tric  b e h av io u r 
o f  so lid  sam ples of d iffe ren t com positions. As seen from  T ab le  I ,  co m p o u n d  1 
u n d e rg o e s  decom position , m o re  accu ra te ly , loss o f w eig h t, in tw o step s . A cco rd 
in g  to  th e  m icroana ly tica l in v e s tig a tio n s  (see T ab le  I I )  an d  sp ec tra , no d ra m a tic

T ab le  I I

Microanalytical data

Composition of 
samples 1 and 14 

before heating
Sample 1 after 

heating to 250 °C
Sample 14 after 

heating to 250 °C

c 64.7% 62.48% 59.60%

H 5-9% 5.66% 6.00%
N 13-7% 13.72% 11.82%

c h an g e  in  th e  s tru c tu re s  o f th e  su b stan ces to o k  p lace  d u rin g  these  p rocesses. 
T h e  d iffe rence  in  th e  w eig h t loss o f th e  pu re  e n an tio m er an d  th e  ra c e m a te  can 
he  a t t r ib u te d  to  the  d iffe re n t ten sio n s of th e  tw o su b stan ces . T he w eig h t loss 
o f  th e  sam p le  w ith th e  c r it ic a l  com positions (3S : 1Л-1) (Table I , N o. 8) is
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ra th e r  s im ila r to  th a t  o f  th e  rea l ra c e m a te , w ich ind ica tes a c e r ta in  e x te n t of 
s im ila rity  be tw een  th e  tw o  substances.

T he resu lts  o f  th e  X -ra y  d iffrac tio n  investiga tions*  on th e  p u re  S -l 
isom er, th e  racem a te  an d  th e  3S : IK -1 sam ples are  show n in  T a b le  I I I .  The

T ab le  I I I

X -ray  data

R -l j R , S - l  1 3S:1R-1

j(A) </(A) t.% ,/(A) Л%

10.799 23.4 10.695 16.8

9.302 10.5

8.838 12.7 8.733 5.8

8.170 16.5 8.170 6.3
7.237 13.7 7.369 6.5 7.132 9.5

6.651 2.5 6.421 29.0

5.801 4.4 6.188 34.5 5.771 4.2
5.433 25.4 5.535 4.5 5.407 27.4

5.394 13.5 5.063 3.7

5.181 3.5

4.839 22.4 4.844 44.5 4.818 17.4

4.741 87.8 4.624 13.5 4.716 76.8

4.572 9.0

4.483 100.0

4.436 48.8 4.436 24.5

4.329 68.3 4.308 46.3
4.243 100.0 4.227 32.0 4.227 76.8

4.141 100.0 4.151 30.0

4.030 8.8 3.948 5.0 4.008 4.2

3.976 6.3 3.890 7.0 3.928 13.2

3.723 12.2 3.735 36.0 3.717 30.5

3.630 7.8 3.630 7.0 3.630 19.5

3.414 42.9 3.463 7.0 3.411 29.5

3.393 62.9 3.371 16.0 3.376 38.4

3.324 58.0 3.000 17.4

d a ta  in d ica te  th a t  th e  c ry s ta llo g rap h ic  p a ra m e te rs  o f th e  th re e  so lid  sam ples 
are  d iffe ren t, th a t  is, even  th e  c ry s ta l form  is a lte red  a t  th e  3S : 1R-1 com posi
tio n .

* The X -ray diffraction spectra were recorded by L. B o g n á r  (Departm ent o f M ineralogy, 
E ötvös Loránd U niversity, B udapest).
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D u rin g  an in v e s tig a tio n  o f  th e  conditions o f  o p tic a l isom erism  in m alic  
a c id , F redga  [8] found  a m o lecu la r com plex w ith  a com position  d e v ia tin g  
fro m  th e  1 : 1 isom eric r a t io ;  th is  he nam ed “ an o m a lo u s  racem a te” . T he ex is
te n c e  o f  th is  m ateria l w as co n firm e d  by  the  m e ltin g  p o in t vs. com position  d ia 
g ra m  a n d  b y  X -ray  p o w d er d iag ram s.

O n  th e  basis o f th e  p re p a ra t iv e  facts an d  in s tru m e n ta l  ex am in a tio n s i t  is 
n o w  co n c lu d ed  th a t  th e  s u b s ta n c e  investigated  b y  us ex is ts  n o t only in  th e  fo rm  
o f  th e  o p tic a lly  pure isom ers a n d  th e  racem ate, b u t  also  in  th e  form  o f an  asso 
c ia te  w ith  dev ia ting  p h y s ic a l p ro p erties , its  c o m p o sitio n  being 3S  : 1R  (or its  
m ir ro r  im age 3R  : IS ). O n th e  analogy  to  F r ed g a ’s w ork , th is  m olecular co m 
p le x  is a lso  called an  “ a n o m a lo u s  racem ate” .

T h e  surprising ly  low  y ie ld  o f the  reso lu tio n  p rocess, how ever, can  n o t be 
e x p la in e d  by  the ex istence  o f  su ch  a m olecular a sso c ia te  if  it  ex ists only  in  th e  
so lid  s ta te .  I t  was th u s  a s su m e d  th a t  this ty p e  o f  co m p lex  m u st also be p re se n t 
in  r e la t iv e ly  co n cen tra ted  so lu tio n s , used u n d e r th e  co n d itio n s of th e  reso lu tio n .

I n  F ig . 2b, th e  d o u b le ts  a t  1595 cm -1  a n d  1585 c m -1 in  th e  IR  sp e c tra  
o f  sa m p le s  w ith  various r a t io s  o f  th e  isomers in  ch lo ro fo rm  solutions are  p lo tte d  
as a  fu n c tio n  of the  c o m p o s itio n . The course o f  th e  cu rv e  is analogous to  t h a t  
o b ta in e d  w ith  th e  solid s a m p le s , th u s  confirm ing  th e  assum ption .

T h e  existence of th e  m o le c u la r  com plex d e p e n d s  on th e  p H  o f th e  so lu tio n  
a n d  o n  th e  n a tu re  of th e  so lv e n t. W eak acids, like  D B TA , can n o t decom pose 
th e  3 : 1 com plex of th e  e n a n tio m e rs  in ap ro tic  so lv e n ts  (e.g. CHC13 or C H 2C12), 
th e re fo re  th e  yield o f r e s o lu tio n  can no t be in c re a se d  above th e  g iven v a lu e  
u n d e r  su ch  conditions.

In  p ro tic  so lven ts, on  th e  effect o f s tro n g  ac id s , th e  com plex undergoes 
d is so c ia tio n  and th e  p u re  e n a n tio m e r can be s e p a ra te d  in  n early  100%  y ie ld  
(see th e  m ethod  of se lec tiv e  lib e ra tio n  in R ef. [1]).

I n  his paper d ea lin g  w ith  resolution p ro cesses , W ilen  [9] lis ted  fo u r 
f a c to r s  w ich determ ine  th e  y ie ld  of re so lu tion . T h e  ex istence of anom alous 
r a c e m a te s  should be re g a rd e d  as a fifth  p a ra m e te r  to  be considered in p lan n in g  
a re so lu tio n  processes.

Experimental

6-P henyl-2 ,3 ,5 ,6-tetrahydro-im idazo[2 ,l-6]th iazole w as supplied by Chemical W orks 
G edeon R ichter Budapest; the o p tica l isomers were prepared from it according to the m ethod  
descr ib ed  in our previous paper [1].

T he samples w ith various isom eric compositions were made by evaporation to dryness 
in v a c u o  of methanolic so lutions prepared from substances w eighed on an analytical balance.

M .p.’s were determ ined w ith  a Biichi melting poin t m easuring apparatus.
T he IR  spectra were recorded with a Perkin-E lm er 237 spectrophotom eter in K Br  

p e lle ts  or in 0.1 mole/litre chloroform  solutions.
Therm al analyses were e ffec ted  with a D u P on t 990 Therm al Analyser DSC and a 

951 Therm ogravim etric A nalyser apparatus (rate o f heating: 10 °C/min.)
X -ray  diffraction d iagram s were obtained w ith a S iem ens Cristalloflex powder d iffractom 

eter  in a Cu tube.

Acta Chim. Acad. Sei. Hung. 102, 1979



TÖ K E et at.: N EW  ANOMALOUS RACEMATE 65

R E F E R E N C E S

[1] F ogassy , E ., Á cs, M., F e l m é r i, J ., A ra cs , Zs.: Periodica P o ly tech n ica , 20, 247 (1976)
[2] E rh ä rt , G., R u sc h ig , H .: Arzneim ittel. Vol. V , p. 33 Verlag Chem ie, W einheim  (1972)
[3] Brit. Pat. 1, 169, 310 (1967); С. А ., 72, 55453
[4] U. S. Pat. 1,127,852 (1966); С. А ., 70, 11698
[5] Ger. Offen 2,027,030 (1970); С. А ., 74, 53786
[6] Ger. Offen 1,908,802 (1969); С. А ., 72, 21688
[7] N ó g rá d i, М .: R evezetés a sztereokém iába. Műszaki K önyvkiadó, B udapest, 1975 (In

Hungarian)
[8] A n d e r sso n , Л!., F r e d g a , A., J e r s l e v , B.: A cta Chem. Scand., 20, 1060 (1966)
[9] W il e n , S. H ., Co l l e t , A., J a cq u es , J . :  Tetrahedron, 33, 2725 (1977)

László T ő k e

M ária Ács 
E lem ér F o g a s s y  

F erenc  F a ig l

H - l l l l  B u d a p e s t, M űegyetem  rk p . 3.

S án d o r Gál 
J anisz S z t a t is z

H - l l l l  B u d a p e s t, G ellert té r  4.

5 Acta Chim. Acad. Sei. Hung. 102, 1979





Acta Chimica Academiae Scientiarum Hungaricae, Tomus 102 (1), pp. 67 — 71 (1979)

R I N G  A  A R O M A T I Z A T I O N  O F  3 / 2 - A C E T O X Y - 5  

« - C H O L E S T A N - 6 - O N E

M. S. A h m a d  and N a j m  Z a h i r  K h a n

(Department o f  Chemistry , Aligarh M u sl im  University, Aligarh, In d ia )  

R eceived Septem ber 8, 1978 

A ccepted for publication October 20, 1978

The title  com pound (1) on refluxing w ith  Br2HBr in ether—acetic acid rearranges 
to l-m ethyl-19-norcholesta-l,3 ,5(10)-triene-6-one (2), together w ith  tw o  other isolable 
com pounds (3) and (4;. These com pounds have been identified on the b asis o f spectral 
properties and com parison w ith  authentic sam ples in known cases. A possib le m echanism  
for the conversion 1 -» 2  is suggested.

In  an a tte m p te d  p re p a ra tio n  o f 3 /f-acetoxy-7-a-brom o-5 a -ch o lestan -6 - 
one  (5), follow ing th e  l i te ra tu re  p ro ced u re  [ l ] , t h e  title  com pound (1) w as hea ted  
u n d e r  re flu x  w ith  b rom ine  an d  H B r (as c a ta ly s t)  in e th e r-a ce tic  ac id  for 22 
h o u rs  to  fu rn ish  com pounds w ith  m e lting  p o in ts  of 140 (2), 169 (3) a n d  163 °C
(4). T he s tru c tu re s  o f th e se  com pounds w ere estab lished  b y  th e i r  sp ec tra l 
p ro p e rtie s  and  b y  com parison  w ith  a u th e n tic  sam ples w here a v a ila b le .

C « H l 7

II IIV 2 R = CH3; 3

ûIINf if G R = H ; R '= CHn

5 R = H ;  R'= Br

5* Acta Chim. Acad. Sei. Hung. 102, 1979
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C om pound 2 (n eg a tiv e  B eilste in  te s t)  has th e  fo rm ula  C27H 40O, a com po
s itio n  su p p o rted  b y  its  m ass sp ec tru m  (M + 380, C27H 40O). T h is com position  
suggests th e  loss o f th e  a c e ta te  fu n c tio n  an d  possib le a ro m a tiz a tio n  of ring  A . 
T he IR  sp ec tru m  gave h an d s  a t  3030w (C = C — H ), 1680s (C =  C— C = 0 )  and  
1585 c m -1  (C = C , a ro m a tic ); th e  IR  sp ec tru m  d id  n o t show  th e  p resence of 
a c e ta te  or h y d ro x y l g roup . T he presence o f  a co n ju g a ted  c a rb o n y l group was 
also ev id en t in  th e  UV sp ec tru m  of th e  com pound  w ith  m .p . 140 °C (Amax 255 nm  
an d  a w eak b a n d  a t  335 nm ). The p resence  o f  an  a ro m atized  r in g  (ring  A )  
p e rm its  tw o p o ssib ilities , viz. (2) and  (6). T he N M R  sp ec tru m  w as decisive in 
d e te rm in in g  th e  s tru c tu re  o f th is  com pound . T h e  N M R  sp e c tru m  (60 M H z; 
CDC13) gave signals a t  d e lta  7 .9d ,d  (1H , J  — 8 H z, ortho coup led  and  3 H z, 
meta coupled , C4— if ) ,  7.26m  (2H , C2— H  an d  C3— H ), 2.43s (3 H , C l— Me), 
2.5m  (2H , m erg ing  w ith  th e  C l-m e th y l signal, COCH.,), 0.71s (3H , C13— Me), 
0.83 an d  0.90 p p m  (o th e r m e th y l p ro to n s). T he dow nfield  signal a t  d 7.9 ppm  
d .d  fo r 1 p ro to n  is co m p a tib le  w ith  a b e ta  p ro to n  re la tiv e  to  a c a rb o n y l group 
as in  s tru c tu re  2. T he N M R sp ec tru m  o f 2 co m p ared  w ith  th a t  o f  1 -m e th y l- l-  
c a rb o x y m e th y l-4 -te tra lo n e  (7) [2], in  th e  la t te r  case, th e  b e ta  p ro to n  re la tiv e  
to  th e  ca rbony l g roup , as ex p ec ted , ap p eared  a t  a re la tiv e ly  low er fie ld . F rom  
th e  N M R  va lu es  th e  com pound  of m .p . 140 °C h as  been  assigned  s tru c tu re  2 
r a th e r  th a n  th a t  o f its  isom er 6.

T he com pound  w ith  m .p . 169 °C w as id en tif ied  as 5 a-cho lestane-3 ,6 - 
dione (3) b y  i ts  sp ec tra l p ro p ertie s  an d  b y  com parison  w ith  an  a u th en tic  
sam ple  [3]. T he fo rm a tio n  of 3 from  1 invo lves th e  in te rm e d ia c y  o f  4 and  8, 
w hich has been ex p e rim en ta lly  su b s ta n tia te d  [3].

T he com pound  w ith  m .p . 163 °C has been  id en tified  as 3 /?-acetoxy-5 a- 
b rom ocho lestan -6 -one (4) b y  com parison  w ith  an  a u th e n tic  sam p le  [3].

T he a ro m a tiz a tio n  o f ring  A  req u ires  th e  p resence  o f th re e  p o te n tia l sites 
o f u n sa tu ra tio n  in  rings A  and  В  [4, 5]. F u r th e r , in  th e  presence  o f  a 6-keto  
fu n c tio n , a ro m a tiz a tio n  o f th e  ring  does n o t invo lve  a C 5-cationic an d  sub se
q u e n t sp iro  ca tio n ic  in te rm e d ia te s  [6]. K eep ing  th e se  o b se rv a tio n s  in  v iew , a 
possib le  m echan ism  fo r th e  conversion  1 —► 2 is in  Schem e 2. T h is show s in 
v o lv em en t of 4 an d  8, w hich w ere in d iv id u a lly  show n to  p rov ide  th e  a ro m atized  
p ro d u c t 2 u n d e r s im ila r reac tio n  cond itions.

E xperim ental

All m elting points are uncorrected. IR  spectra were determ ined in K Br w ith  a Perkin— 
Elm er 237 Spectrophotom eter. NM R spectra were run in CDC13 on a Varian A  60 instrum ent 
with SiMe4 as internal standard. UV spectra were taken in 95%  ethanol on a B eckm an D B  
Spectrophotom eter. T hin-layer chrom atographic plates were coated w ith  silica gel. A 20%  
aqueous solution o f perchloric acid was used as the spraying agent. L ight petroleum  refers 
to the fraction boiling at 60 — 80 °C.
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l-M ethyl-19-norch olesta-l,3 ,5 (10)-trien -6-one (2 )

To a solution of 3/?-acetoxy-5oc-cholestan-6-one (1) (5.8 g) in either (80 m l) and acetic 
acid (15 ml) was added dropwise a bromine solution  (2.5 g o f bromine in 25 m l o f acetic  acid) 
over a period of 30 min. The reaction was catalyzed  by the addition of H Br (1 m l, 48% ) and 
the m ixture heated under reflux for 22 h. The ether was rem oved under reduced pressure and 
the acetic acid solution diluted w ith water to turb id ity . It was extracted w ith  ether and the 
ethereal solution w ashed w ith water, sodium  bicarbonate solution (5% ) and w ater, and dried 
over anhydrous sodium  sulfate. Rem oval o f the so lvent gave an oil (ca. 5 g) w hich w as chro
m atographed on silica gel (100 g, NCL, Poona). Fractions of 20 ml were collected . Eluates 
from  light petroleum -ether (15 : 1) gave 2, recrystallized frdm light petroleum  (0.8 g ',m .p. 
140 °C.

C27H40O. Calcd. C 85.2; H 10.5. Found C 84.9; H. 10.2% .
Further elution w ith  the same solvent system  (9 : 1 gave 3 /?-acetoxy-5a-brom o- 

cholestan-6-one (4 ,, recrystallized from ligh t petroleum  (70 mg;, m.p. 163 °C; j>max 1740 s 
( C H jC O -O ), 1715 s ( C = 0 )  and 1240 s (acetate); Ö 5.3 br (1H C 3 - H ,  a x ia l) ,  2.4 d (J  =  7 
H z, 2H , C 7 - H ,) ,  2.01 s (3H , CH3COO), 1.0 s (3H , CIO— Me), .070 s (3H , C13 — Me), 0.91 and 
0.85 ppm  (other m ethyl protons).

Continued elution w ith  the same so lvent system  (4 : 1 gave the dione (3) [3], (120 mg), 
m .p. and m .m .p. 168 °C; 1710 s ( C = 0 ) ;  6 2.1 — 2.7 br (7H , C2 H2, C4—H 2, C5 — H , C7 Я ,), 
0.90 s (3H , CIO—Me), 0.70 s (3H , C13—Me), 0.85 and 0.80 pp.m  (other m eth yl protons.

The brom oketone (4), when subjected to the sam e reaction condition afforded 2 and 3.
*

W e are grateful to Professor W. R a h m a n , H ead, Departm ent of C hem istry, for provid
ing the necessary faiclities and to the D epartm ent o f Atom ic Energy, G overnm ent o f India, 
for financial assistance to one of us (NZK ).
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T herm o-instable hydrogels o f po ly (v iny l aclohol) (PYA) with different structure  
have been prepared by using dioxane as a p recip itan t which has been exchanged against 
water after gelation  has taken place The so lu b ility  measurements were carried out on 
tem peratures betw een 298 and 353 K. Calculations based on experim ental results allow ed  
to distinguish tw o types o f junction points w ith  different energies. Through changes 
brought about in the gel structure by the gradual breaking of the junction poin ts exch ang
ing water against n-propanol-water m ixtures add itional information can be obtained. 
Increasing the n-propanol concentration, gel so lub ility  increases and the differences 
between the tw o characteristic energies d im in ish . These statem ents were supported  
by the results o f  therm om echanical m easurem ents.

Introduction

P o ly (v iny l a lcoho l), PVA, is a w a te rso lu b le  sy n the tic  m acrom olecu le  
w hich form s gels easily  u n d e r  favourable  c o n d itio n s , e.g. in a c o n c e n tra ted  so lu 
tio n . The rev e rs ib ility  o f  th is  process su g g ests  t h a t  no chem ical b o n d in g  is in 
vo lved  in th e  n e tw o rk  fo rm atio n .

Gel fo rm atio n  can  occur in pure aq u eo u s so lu tio n  b u t also as th e  re s u lt  of 
v a rio u s ad d itiv e s , e.g. dyes, arom atic  c o m p o u n d s  w ith several h y d ro x y l 
g roups, ce rta in  p re c ip ita tin g  agents (g lycero l, e th y le n e  glycol) [1, 2]. P ro b a b ly , 
th e  la t te r  only  p ro m o te  th e  fo rm ation  o f th e  p h y sica lly  linked ju n c tio n  zones 
am ong  th e  p o lym er ch a in s  w ithou t being d ire c t ly  involved in th e ir  d ev e lo p 
m en t. N o d e ta iled  d a ta  concerning th e  a c tio n  o f  such  additives a re  a v a ilab le .

One o f th e  m o st im p o r ta n t papers on th is  su b jec t is given b y  Sh ib a t a n i

[3] d icussing th e  fo rm a tio n  o f PVA gels via  b in a ry  association a t su ita b le  sites 
on th e  po lym er ch a in  an d  i t  was s ta te d  t h a t  th e  fo rm atio n  o f ac tiv e  c e n te rs  is 
th e  ra te -d e te rm in in g  p rocess. According to  h is  re su lts , a stereo-block com posed  
o f five to  ten  sy n d io ta c tic  u n its  can he re g a rd e d  as a site  of crosslink ing .

* Presented before the Committee on the P h y sics  o f  P lastics, Hungarian A cadem y of 
Sciences, October 1977.
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O th e r  stud ies show  t h a t  in  so lv en t—p re c ip ita n t  system s f irs t  a m ic ro 
p h a se  s e p a ra tio n  takes p lace  fo llow ed b y  an  o rg a n iz a tio n  process in  th e  p o ly m e r 
r ic h  re g io n s . This, in  tu rn ,  p ro d u ces c ry s ta llite s  w ith  average d im ensions of 
30 to  70 n m  [4].

T a k a h a sh i and H ir a m it s u  [5] and  Og a sa w a ra  eta l. [6] consider P V A to  
be  a c o p o ly m e r consisting  o f a ta c tic  sequences a n d  o f  synd io tac tic  ones in c lin e d  
to  fo rm  c ry s ta llite s , w hich a re  responsib le  fo r th e  fo rm a tio n  of th e rm o re v e rs ib le  
gel. T h e  c ry s ta llite s  w hich  co n sis t o f sy n d io ta c tic  sequences are th e  ju n c tio n  
s ite s  in  t h e  netw o rk ; th e  size o f  such  c ry s ta llite s  can  be deduced from  th e  m e ltin g  
p o in t  o f  th e  gel, using an  e q u a tio n  proposed  b y  T a k a h a sh i.

T h e  bond ing  s tre n g th  o f  th e  ju n c tio n  p o in ts  can  be determ ined  f ro m  th e  
m e ltin g  te m p e ra tu re s  o f th e  gels (Tm'), a ssu m in g  th e  gel po lym er so lu tio n  
t r a n s i t io n  to  be an e q u ilib riu m  process. T h u s , G em b it sk ii et al. [7], u s in g  
F e r r y  e q u a tio n  [8], fo u n d  75.4 k jm o l -1  fo r th e  bon d in g  energy, w hile T a k a 
h a s h i a n d  H iram itsu  [5] a n d  Sh ib a ta n i [3] rep o rted  10.9 k j m o l -1  an d  
54.5 k j m o l -1 , respective ly .

T h e  re la tiv e ly  g rea t s c a tte r in g  o f th e  ab o v e  d a ta  can be exp la ined  p a r t ly  
b y  th e  d ifferences in  th e  e x p e rim e n ta l m e th o d s , p a r t ly  b y  th e  d iv e rs ity  o f  PY A  
sa m p le s  s tu d ied . The im p o r ta n c e  o f th is  fa c t becom es clear if  we a c c e p t th e  
g e n e ra l o p in ion  th a t  th e  gelling  is caused b y  th e  sy nd io tac tic  reg ions o f  th e  
c h a in s . T h is  is supp o rted  b y  th e  o b se rv a tio n  t h a t  th e  PVA rich  in  s y n d io ta c tic  
se q u e n c e s  is p rac tica lly  in so lu b le  in  w a te r d u e  to  th e  s trong  in te rac tio n  b e tw e e n  
th e  p o ly m e r  chains of such  ty p e  o f ta c tic ity .

So fa r , few e x p e rim e n ta l d a ta  have b een  rep o rted  on th e  s t r u c tu r e  of 
p h y s ic a lly  bonded  PYA gels. A ccording to  e lec tro n  m icroscopic s tu d ie s  b y  
O b o l o n k o v a  et al. [9], g lobu les be tw een  90 a n d  110 nm  in average size fo rm  a 
n e tw o rk  in  P V A -w ate r sy s te m s , w hile in  P V A -g lic e ro l-w a te r  system s a g g reg a te s  
w ith  a n  av erag e  cross sec tio n  o f  50 to  60 n m  a re  f i r s t  arranged  in  b u n d le s  an d  
th e n  g a v e  a cell-like n e tw o rk .

T h is  sh o rt su rvey  show s th a t  desp ite  o f  th e  diverse stud ies co n ce rn in g  
P V A  g e ls, th e ir  b eh av io u r is s till  fa r  from  b e in g  w ell understood .

T h is  p ap e r is concerned  w ith  th e  so lu b ility  p roperties of PV A  h y d ro g e ls  
w ith  d if fe re n t su p erm olecu la r s tru c tu re s  p ro d u c e d  b y  sy stem atica lly  m o d ify in g  
th e  c o n d itio n s  of gels fo rm a tio n . T he in v e s tig a tio n  of so lubility  seem s to  be 
u se fu l, p ro v id in g  an in s ig h t in to  th e  n a tu re  o f  gel —>- polym er so lu tion  tr a n s i t io n  
fo r  th e rm o la b ile  gels a n d  i t  c an  give som e in fo rm a tio n  on th e  d is tr ib u tio n  of 
b o n d  en erg ies , too.

E xperim en ta l

M aterials .  The gels were prepared from a com m ercial PVA Rhodoviol 16/20 (R hone- 
P o u len c , Paris). The acetate con ten t o f the sample w as reduced to about 0.3 m ol%  b y  h yd ro l
y s is  in  a 2 : 8 mixture of m ethanol and water, in the presence o f NaOH andN a2S 0 3. T he hom o
g e n e ity  w ith  respect to m olecular w eight was increased b y  rem oving the fraction o f th e  low est
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m olecular weight (about 10% ). T he average molecular w eight o f  the sam ple thu s prepared 
was determined b y  m eans o f ultracentrifuge (M w — 80 x  103) and v iscosim etry (M „ =
=  83 x  103).

Analytical grade (R E A N A L  products) dioxane and n-propanol were used.
Preparation o f  P V A  hydrogels. The structure of the PVA hydrogels w as m odified by 

varying the concentration o f the polym er and dioxane, latter used as precipitant. PV A  was 
dissolved in a d ioxan e-w ater m ixture of known com position in a flask fitted  w ith  a reflux 
condenser at 368 to 373 K . A fter com plete dissolution the heated solution was poured into a 
horizontal plexiglass cell, covered w ith  a plexiglass plate and placed into a desiccator contain
ing a 1 : 1 m ixture o f dioxane and water.

In order to follow  the process o f gel form ation, the turbidities o f  the so lutions were 
m easured with a Spectrom om  360 type spectrophotom eter. Gelation was allow ed to proceed 
until a practically constant turb id ity  was reached. The tim e required for gelation  varied be
tw een  4 and 21 days, depending on the com position o f m ixture.

Then dioxane was replaced by distilled water. In the solution o f the aqueous gels no 
dioxane could be detected by interferom etry, indicating that the solvent exchange proceeded 
com pletely. The gels were stored in distilled water at room  tem perature.

In order to  characterize the aqueous gels the approxim ate dim ensions (effective  radius, 
r) o f the supermolecular inhom ogeneities were determ ined by means of the DQ m ethod  proposed  
b y  Sa ku ra da  et al. [10]. This m ethod can also be applied for PVA hydrogel film s, as it  was 
show n by N agy  et al. [11], since their electron m icroscopic study proved that the superm olecu
lar inhom ogeneities have nearly spherical form. The turbidities o f  2 mm thick gel film s were 
m easured against water w ith  a Spectrom om  360 spectrophotom eter, at w avelen gths o f 430 
and 700 mm. The r value characteristic o f the gel structure and its changes were calculated  
from  the quotient DQ o f the two turbidity values according to the DQ vs. r correlation dis
cussed by Sa k u ra d a .

For determ ination o f the polym er content, the swelling m edium  adhering to the sur
face o f the gel sample was rem oved w ith  filter paper and the weights of the sam ple were m easur
ed in this state and after drying to a constant weight in vacuum  at 333 K.

The accuracy o f th is m ethod w as + 1 % . The degree o f swelling of the polym er (Qw) 
i.e. the am ount of so lvent bound by 1 g dry polym er, together w ith the volum e fraction  of 
the polym er (v„) in the gel was determ ine from the polym er content. Calculating t>2 values, 
the volum es of the polym er and the solvent were considered to be additive [12].

The gels were also characterized by constant C, determ ined from m echanical m easure
m ents [13]. This qu antity  is proportional to the number o f elastically  effective netw ork chains 
and to the modulus o f e lastic ity  [14].

The characteristic o f the gels studied are listed in Table I, parallel w ith the com position  
o f  the system  under gelation («"руд, и^юхапе)- The producibility o f  the gel preparation is dem 
onstrated  in the case o f the gel w ith  «е<иохапе =  0.50 and u>pyA =  0.04. The gel preparation  
w as reproducible w ithin 5— 10% , depending on the m ethods used for their characterization.

Table I

On gelation
PVA hydrogel

1 month 1 year

dioxane MPVA r c r c
of medium of system *’* (am ) (kN m-*) t’i (nm) (kN n»-*)

0.48 0.04 0.0287 200 4.0
0.48 0.06 0.0477 280 17.3 0.0484 275 18.0

0.48 0.10 0.0715 200 40.3 0.0714 200 41.6

0.50 0.04 0.0299 290 2.8 0.0292 — 3.2

0.50 0.04 0.0292 — 2.7 0.0282 — 3.0

0.54 0.04 0.0301 210 2.8
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Methods

S o lu b ility  measurements o f  P V A  hydrogels

A  gel sam ple of k n o w n  w eig h t and p o ly m er c o n te n t w as p laced  in to  th e  
sa m p le  ho ld er of a ja c k e te d  g lass vessel, th e n  a kn o w n  a m o u n t o f  w a te r  or 
n -p ro p a n o l-w a te r  m ix tu re  w as  added. The liq u id  w as s tir re d  m ag n e tica lly . 
T h e  te m p e ra tu re  w as k e p t  w ith in  ± 0 .1  К  b y  m ean s o f an  u ltra th e rm o s ta t .  
S tu d ie s  w ere carried  o u t b e tw e e n  298 and 353 K .

T h e  am oun t of th e  d isso lv ed  PVA in  th e  so lu tio n  w as d e te rm in ed  as a 
fu n c tio n  o f  tim e  for each  te m p e ra tu re . A fte r a c e r ta in  in te rv a l (3 to  5 days 
d e p e n d in g  on th e  te m p e ra tu re )  th e  PVA c o n c e n tra tio n  becam e c o n s ta n t, 
s u b se q u e n tly , th e  te m p e ra tu re  w as raised in  2.5 o r  5.0 К  in c rem en ts .

F o r  th e  q u a n tita tiv e  d e te rm in a tio n  of PV A  th e  colour reac tio n  in  aqueous 
P V A -I2-K I  system  in  th e  p resen ce  of boric  ac id  w as used  [15]. E x tin c tio n  
c o e ffic ien t of th e  so lu tio n  w as  m easured  a t  Я =  685 n m , an d  th e  PV A  con
c e n tr a t io n  was d e te rm in ed  fro m  a ca lib ra tio n  cu rv e . T he re p ro d u c ib ility  of 
th e  m e th o d  was w ith in  ± 2  % .

Therm om echanical measurements on P V A  hydrogels
4,

In  order to  com pare  th e  re su lts  o b ta in ed  fro m  so lu b ility  m easu rem en ts , 
th e  u n ila te ra l  com pression o f  th e  gels under c o n s ta n t  load ing  w as d e te rm in ed  as 
a fu n c tio n  of te m p e ra tu re . T h e  gel sam ple a n d  th e  in e r t m ed ium , (p a ra ff in  oil) 
in  a g lass cu v e tte  w ere p la c e d  in to  a th e rm o s ta te d  glass vessel an d  a c o n s ta n t 
lo a d in g  (69 N m “ 2) w as a p p lie d  by  a su itab ly  sh a p e d  m e ta l p la te  p laced  up o n  
th e  su rfa c e  of th e  gel; a t  th is  lo ad  th e  d e fo rm a tio n  of th e  sam ple w as hom oge
n eo u s  u n til  th e  y ield  p o in t w as reached. T h e  changes in  th e  size o f th e  gel 
sa m p le  w ere dete rm in ed  w ith  a RrineZZ-microscope (m ag n ifica tio n  25 X ) w ith in  
± 0 .0 2  m m  accuracy . T h is w as  done every 15 m in  a t  f ir s t , an d  la te r  ev e ry  hour. 
D e fo rm a tio n  equ ilib rium  w as u sua lly  a tta in e d  a f te r  24 h rs ; su b seq u en tly , th e  
te m p e ra tu re  лгав ra ised  in  2 .5  or 5.0 К  in c re m e n ts . T he gel sam ple  w as a 
l O x l O x l O m m  cube, te s t  b e in g  carried  o u t u n d e r  th e  sam e co n d itio n s. P a r 
a ff in  oil was chosen as th e  in e r t m edium  b ecau se  i t  does n o t dissolve th e  
p o ly m e r  and  does n o t m ix  >vith th e  swelling m ed iu m  o f th e  gel.

T h e  shape of th e  te rm o m ech an ica l cu rv es  an d  th e  flow  p o in t values 
p ro v id e  in fo rm ation  a b o u t th e  te m p e ra tu re -d e p e n d e n t s tru c tu ra l changes. 
C h a ra c te r is tic  te m p e ra tu re  v a lu es  of th e  cu rv es  w ere  rep ro d u c ib le  w ith  an  ac 
c u ra c y  o f  1— 2 K.

Results and discussion

S o lu b ility  o f P V A  hydrogels

I t  was expected  t h a t  th e  ex trem ely  tim e-co n su m in g  so lu b ility  stud ies 
c a r r ie d  o u t under e q u ilib r iu m  conditions w ou ld  fu rn ish  in fo rm a tio n  a b o u t th e  
e n e rg y  d is trib u tio n  o f  th e  ju n c tio n  sites in  th e  th e rm o lab ile  gels o f various
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s tru c tu re s . A fte r a c e r ta in  period  (48— 96 hrs) th e  ra te  o f  d isso lu tio n  falls to  
zero an d  a c o n s ta n t c o n c e n tra tio n  is reached  (F ig . 1).

In  o rder to  v e rify  th a t  th e  a m o u n t o f p o lym er d isso lved  a t  various te m 
p e ra tu re s  do n o t invo lve  fra c tio n a tio n  b y  m o lecu lar w eig h t, th e  m olecular 
w eigh ts of th ese  “ fra c tio n s”  have  been d e te rm in ed  b y  u ltra c e n tr ifu g e , at 
te m p e ra tu re s  328, 338 an d  350 K , an d  th e  M w va lues w ere 7 4 x l 0 3, 7 5 x l 0 3 
an d  78 X 103, re sp ec tiv e ly . T he sy s te m a tic  e rro r o f  th e  d e te rm in a tio n  o f M w and 
th e  f a c t  th a t  th e  sam ples w ere d eriv ed  from  c o m p a ra tiv e ly  hom ogeneus sam ple, 
exc luded  th e  p o ssib ility  o f f ra c tio n a tio n  by  m olecu lar w eigh t.

10 20 30 40 50 60 70 80 90 100 
1 /3600  (S)

Fig. 1. The am ount of PVA dissolved at a given tem perature as a function of time

Fig. 2. The relative am ount o f PVA dissolved as a function o f tim e

T o e lucidate  th e  co rre la tio n  betw een  po lim er c o n te n t an d  gel s tru c tu re , 
th e  te m p e ra tu re  d ependence  o f  th e  so lub ility  o f th e  gels p re p a re d  a t  th e  sam e 
d io x an e  co n ten t (tCdioxane =  0.48) b u t  various PV A  c o n c e n tra tio n  an d  th e  solu
b ili ty  o f  th e  orig inal PVA film  (v2 =  1.0) w ere co m p ared . F ig u re  2 shows a set
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o f c u rv e s  w hich rep resen t th e  re la t iv e  am oun t of PY A  (mrei) d isso lved  a t  d if
fe re n t te m p e ra tu re s  (mrej =  m /m 0, w here m  is th e  a m o u n t o f PY A  dissolved 
a n d  m 0 is th e  in itia l c o n te n t o f  PV A  in  th e  system ). T h e  s tru c tu ra l  d ifferences 
b e tw e e n  th e se  gels are sh o w n  p rim a r ily  b y  th e ir  te rm á l s ta b ili ty , i.e. b y  th e  
a m o u n t  o f  PVA dissolved a t  th e  m ax im u m  te m p e ra tu re  app lied  in  th e  ex p eri
m e n ts . G els w ith  po lym er c o n te n t  v2 =  0.0477 and  v2 =  0 .0287 a re  com plete ly  
d isso lv e d  a t  348—350 K , w h ile  fo r gel w ith  v., =  0.0715 m rei =  0.67, and  fo r 
th e  P V A  film  mrt\ =  0.37.

Fig. 3. Logarithm  of the relative  am oun t of PYA dissolved as a function  of the reciprocal
temperature

W ith  increasing te m p e ra tu re  th e  ju n c tio n  zones a re  g rad u a lly  rea rran g ed  
a n d  b ro k e n  down, and  th e  p o ly m e r m olecules th u s  re leased  are  d issolved by  
th e  s o lv e n t presen t in  g re a t excess. The am oun t o f PV A  disso lved  a t  a given 
te m p e r a tu r e  (c) can be c o rre la te d  w ith  th e  bon d in g  s tre n g th  o f th e  ju n c tio n  
p o in ts .  A n  a ttem p t is m ad e  to  ca lcu la te , by  analogy  to  th e  h e a t o f d isso lu tion , 
th e  e n e rg y  charac teris tic  o f  th e  forces a t th e  ju n c tio n  s ites. T he lo g arith m s of 
th e  c o n s ta n t  PVA c o n c e n tra tio n  (c) or of th e  co rresp o n d in g  m re| va lues were 
p lo t te d  against 1/T. T his is i l lu s tra te d  for d iffe ren t gels in  F ig . 3. In  all 
e x p e r im e n ts , functions co m p o sed  o f two linear sec tio n s w ith  d iffe ren t slopes 
w ere  o b ta in e d . This m eans t h a t  w ith in  a given te m p e ra tu re  ran g e  th e  energy  
n e e d e d  fo r d isrup ting  th e  ju n c t io n  sites is nearly  c o n s ta n t and  th e re  is a te m 
p e r a tu r e  range w here th e  d is ru p tio n s  do n o t invo lve  s ig n if ic a n t dissolving.

O n  th e  basis of th is  f in d in g s  i t  seems th a t  th e  s tru c tu re  of th ese  gels 
c o n s is ts  o f tw o types o f ju n c t io n  sites w ith  d iffe ren t b o n d  energies, w hich can 
be  c h a ra c te riz e d  by th e  slopes o r a p p a re n t energies (E 1 an d  E 2) c a lcu la ted  by  
th e  a n a lo g y  to  the h e a t o f  d isso lu tio n  of solids (T able I I ) .  These values, of 
c o u rse , a re  no t abso lu te  m e a su re s  o f the  b ind ing  forces in  th e  ju n c tio n  sites, 
s t i l l  t h e y  give valuab le  in fo rm a tio n  abo u t changes in  th e  s tru c tu re  of these  
gels.
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Table II

«2 Er
(kJ m ol-1)

e 2
(kJ mol-1)

0.0287 74.1 90.3

0.0477 97.6 132.3
0.0715 130.2 142.4

1 .0 75.4 150.3

T he d a ta  in  T ab le  I I  also show  th a t  in creasin g  th e  p o ly m er c o n te n t, th e  
s tre n g th  and h o m o g en e ity  o f  th e  gel s tru c tu re  also increase .

Two gels p re p a re d  w ith  th e  sam e p o ly m er c o n te n t, (icPVA =  0.04), b u t 
w ith  d iffe ren t d io x an e  co n cen tra tio n s  wdioxane =  0.50 (gel 1) an d  tcdioxane=  0.54 
(gel 2), w ere selec ted  fo r fu r th e r  in v es tig a tio n  o f th e  s tru c tu re  o f PV A  h y d ro 
gels. T hese gels d iffe r in  th e ir  su p erm olecu la r o rg an iza tio n . T he gel 2, p rep ared  
w ith  g re a te r  d io x an e  c o n te n t is m ost p ro b a b ly  b u ilt  o f  g lo b u la r e lem ents w ith  
g re a te r  bond  energy  due  to  th e  p re -ex is tin g  o rd er o f  p o ly m er so lu tion  p rio r to  
gelling.

C om petitive  in te ra c tio n s  fo r hyd rogen  bonds w ere u tiliz e d  to  d e te c t th e  
d ifferences in  th e  su p e rm o lecu la r s tru c tu re  o f  th ese  gels. T h e  sw elling m edium  
o f th e  gel (the  w a te r) w as rep laced  b y  n -p ro p a n o l-w a te r  m ix tu re s  (м’Рг0н =  
=  0— 0.4). T he com po sitio n  o f  th e  n -p ro p a n o l-w a te r  m ix tu re s  in  equ ilib rium  
w ith  th e  gel was d e te rm in e d  b y  re fra c to m etry .

D ue to  th e  s t ru c tu ra l  changes in th e  p o ly m er so lv en t in te rac tio n s , th e  
degree o f sw elling b y  w eig h t o f th e  gel (Qw) as a fu n c tio n  on n -p ropano l con
c e n tra tio n  passes th ro u g h  a m ax im um  (T able  I I I ) .

Table III

»"PrOH gel 1 gel 2

0.0 28.1 23.9

0.06 27.9 23.9

0 .1 2 29.3 25.9
0.25 29.9 25.6

0.35 25.5 22.5

0.40 22 .2 20.7

T he ap p ea ran ce  o f  th e  synerge tic  effect in th e se  m ix tu re s  are  in  good 
ag reem en t w ith  th e  re su lts  rep o rted  b y  N agy  et al. [16, 17].

So so lu b ility  ex p e rim en ts  w ere also ca rried  o u t in  n -p ro p a n o l-w a te r  
m ix tu re s  co rresp o n d in g  to  th e  sw elling m edium  o f th e  gel, in  o rder to  explore
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th e  s tru c tu re -b re a k in g  effect o f  « -p ro p an o l. T he resu lts  fo r gel sam ples 1 and  
2 a re  sh o w n  in Figs 4 and  5.

C u rv es w ith  d ifferen t s lopes a re  also observed  for th e  aqueous gels, in d i
c a tin g  th e  presence of tw o ty p e s  o f  ju n c tio n  sites w ith  d iffe ren t b o n d  energy . 
T h is  s te p - lik e  ch a rac ter d isa p p e a rs  fo r  th e  m ore hom ogeneous gel 1 a lread y  a t 
WprOH =  0-06, while in  th e  case o f  gel 2, tcPrOH =  0.12 is n eeded  fo r th e  hom o
g e n iz a tio n  o f  th e  ju n c tio n  s ite s .

308 318 328 338 348
T (K)

Fig. 4.  R e la tiv e  amount of PVA disso lved  from  gel 1 as a function  of the tem perature, at various
п-propanol contents

308 318 328 338 348
T (K)

Fig. 5. R e la tive  amount of PV A  d isso lved  from gel 2 as a function  o f the tem perature, at
various га-propanol contents
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T he n -p ro p an o l con sid erab ly  enhances th e  so lub ility  o f b o th  gels u p  to  
MiprOH =  0.25, w here  th is  effect is reversed . A  fu r th e r  increase o f th e  n -p ro p an o l 
c o n te n t d im in ishes th e  so lu b ility  o f  th e  gel. T h is is in  ag reem ent w ith  th e  re su lts  
o f sw elling m easu rem en ts  an d  w ith  l i te ra tu re  d a ta  [16, 17].

T he te m p e ra tu re s  o f  in c ip ien t an d  co m p le te  d isso lu tion  an d  th e  a p p a re n t

energies E l and  E 2 c a lcu la ted  from  th e  log m rel vs. —  p lo t are co llec ted  in T ab le

IV.

T ab le  IV

Gel M'PrOH

Temperature of 
dissolution (K) E, E,

incipient complete
(kJ mol l ) (kJ mol l)

I 0 .0 313 338 165.8 183.4

0.06 308 331 92.9 —

0 .0 313 348 191.3 230.3

2 0.06 305 333 170.4 191.3
0.12 298 323 122.0 —

These d a ta  c lea rly  d e m o n s tra te  th e  d ifferences in th e  s tru c tu re s  o f  these  
gels. n -P ro p an o l a t  a w eigh t frac tio n  o f 0.06 suffices to  d isru p t and  hom ogenize 
th e  ju n c tio n  s ites in  gel 1. Gel 2, p roduces from  a  so lu tio n  c o n ta in in g  m ore  p re 
c ip ita n t  and  a  p re fo rm ed  s tru c tu re , i t  co n ta in s  m ore  in tram o lecu la r b o n d s  and  
its  s tru c tu re  is m ore  heterogenous w ith  re sp e c t to  th e  ju n c tio n  s ite s . In  th is  
case th e  process o f  hom ogen ization  has also ap p ea red  a t  h ig h er n -p ro p an o l 
c o n te n ts , b u t  th e  fo rm a tio n  o f  a bond  ty p e  o f  th e  sam e energy  occurs only  
ab o v e  горюн =  0.12.

Therm om echanical stu d y  o f  P V A  gels

In  o rder to  com plete  an d  su p p o rt th e  re su lts  o f  so lu b ility  m easu rem en ts , 
th e rm o m ech an ica l s tu d ies  h av e  been  ca rried  o u t  on gel 1 an d  2. T h e  re la tiv e

lA l
eq u ilib riu m  d efo rm a tio n  -r— • 100 p lo tte d  a g a in s t th e  te m p e ra tu re  re su lte d

l *o
in  s im ila r curves to  th o se  o f  so lu b ility  d a ta  (cf. F igs 4 an d  5). As th e  n -p ro p an o l 
c o n te n t increases, th e  d e fo rm atio n  o f th e  gel beg ins a t  g rad u a lly  low er te m 
p e ra tu re s  and  th e  s tep -lik e  b eh av io u r o f th e rm o m ech an ica l curves d e p en d in g  on 
th e  bo n d  energy  d is tr ib u tio n  inside th e  gels d isap p ea rs  a t  d iffe ren t n -p ro p an o l 
co n cen tra tio n , i.e. in  th e  case o f gel 1 a t  и>рго н =  0.06, an d  gel 2 ab o v e  м>ргон  — 
=  0.12, re sp ec tiv e ly . T his ten d en cy  is rev e rsed  a t  гергон =  0.25 b ecau se  th e  
gel s tru c tu re  becom es m ore s tab le  in consequence o f  changes in  th e  p o ly m e r— 
so lv en t in te rac tio n s .
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Fig. 6. Therm om echanical curves of gel 1 at various concentrations of n-propanol

Fig.  7. Therm om echanical curves o f gel 2 at various concentrations of rt-propanol

T h e  resu lts  h av e  b een  in  good ag reem en t w ith  th e  d a ta  of so lu b ility  m eas
u re m e n ts  su p p o rted  t h a t  th e  ju n c tio n  sites o f  th e se  РУ А  hydrogels could  be 
c h a ra c te r iz e d  b y  tw o  d iffe re n t energies.

*

T he author wish to express their thanks to dr. P . K ovács for the UC m olecular w eight 
determ inations.
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PREPARATION OF HOMOGENEOUS TENSIDES*

P . Sa l l a y ,1 J .  M o r g ó s ,1 L . F a r k a s ,1 I . R u s z n á k 1 and B . B a r t h a 2
( ' D e p a r t m e n t  o f  O r g a n ic  C h e m ic a l  T e c h n o lo g y ,  T e c h n i c a l  U n i v e r s i t y ,  B u d a p e s t  a n d  2U n i t e d

C h e m ic a l  W o r k s ,  B u d a p e s t )

R eceived Ju ly  13, 1978

A ccepted for publication October 31, 1978

The first six m embers o f the hom ologous series o f polyethylene g lycol dodecyl- 
ethers have been prepared in gas chrom atographic purity. It has been found th at these 
com pounds can be prepared in better yields and higher purity by m eans o f repeated  
W illiam son syntheses than by an alternate m ethod from  dodecyl tosy late . P olyethylene  
glycol containing at m ost three glycol un its can be used for the synthesis.

In tro d u c tio n

W hen  reac tin g  dodecy l a lcohol w ith  e th y len e  oxide, no u n ifo rm  p ro d u c t 
is o b ta in e d : th e  re su ltin g  non ion ic  ten sid e  is alw ays a m ix tu re  o f  p o lym er 
hom ologues. The f irs t re a c tio n  s tep  y ields e th y len e  glycol m o n o d o d ecy le th e r, 
w h ich , reac tin g  w ith  a fu r th e r  e th y len e  oxide m olecule, is co n v e rte d  in to  
d ie th y le n e  glycol m o n o eth er, etc.:

B — O H  +  C H ,— C H 2
\  /

О

В — О — C H 2— С Н 2— о н

R — О— СН2— С Н 2— О Н  +  С Н 2— С Н 2 — В — О— (С Н 2— С Н 2— 0 ) 2— н

В — (О С Н ,— С Н 2)„— о н  +  С Н 2— С Н 2 — R — О (С Н ,— С Н 2— 0 ) „ +1— н

(В  =  — С12Н 25)

In  each  s tep  o f th e  re a c tio n  e th y len e  oxide reac ts  w ith  a p rim a ry  alcoholic 
h y d ro x y l group . Since th e h y d ro x y l g roups o f th e  s ta r tin g  alcohol a n d  o f  th e  
re su ltin g  glycol e th e r  h av e  a p p ro x im a te ly  th e  sam e re a c tiv ity , i t  can  be  expect-

* Paper presented at the Conference of the Hungarian Chemical Society , Debrecen
1977
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ed t h a t  e thy lene ox ide  re a c ts  sim u ltan eo u sly  w ith  b o th  ty p e s  o f  h y d ro x y l 
g ro u p s  (i.e. a consecu tive  co m p e titiv e  re a c tio n  ta k e s  p lace), an d  th e  reac tio n  
p ro d u c t  is therefo re  a  m ix tu re  o f various o x y e th y la te d  d e riv a tiv e s  o f  dodecyl 
a lco h o l. T he ra tio  o f th e se  o x y e th y la te d  hom ologues in  th e  p ro d u c ts  m ay  v a ry  
w ith  th e  reac tion  c o n d itio n s  (te m p e ra tu re , c a ta ly s t ,  etc.).

A ccu ra te  d e te rm in a tio n  o f th e  c o n cen tra tio n s  o f th e  com ponen ts m ay  
o f te n  b e  im p o rta n t, since  th e  d is tr ib u tio n  c o n s ta n ts  ca lcu la ted  from  th ese  con
c e n tra t io n s  allow conclusions to  be d raw n on th e  ra te s  o f  th e  p a r tia l  reac tions
[1]. T h e  colloid chem ical p ro p e rtie s , w hich a ffec t th e  a p p lic a b ility  o f tensides, 
a lso  d ep en d  on th e  d is tr ib u tio n  of hom ologues [2].

I t  is a basic re q u ire m e n t in  q u a n tita tiv e  an a ly sis  th a t  all th e  hom ologues 
sh o u ld  be  accessible fo r a n a ly s is , i.e. a m eth o d  sh o u ld  be found  for th e  p re p a ra 
t io n  o f  th e  reaction  c h a in  (hom ogeneous te n s id e ) . H om ogeneous ten s id e  is an  
o x y e th y la te d  p ro d u c t c o n ta in in g  on ly  one p o ly m er hom ologue [3].

O f th e  m ethods s u ita b le  in  princip le fo r th e  p re p a ra tio n  o f hom ogeneous 
te n s id e s  based  on d o d ecy l alcohol, th e  sim ples w ay , o x y e th y la tio n  o f  dodecyl 
a lco h o l

R — O H  +  (C H 2— C H 2)„ — R — О — (C H 2— C H ,— 0 )„ — H ,

О

as d iscussed  above, a lw ay s leads to  a m ix tu re  o f  hom ologues; th ere fo re  i t  is 
in a p p lic a b le  for ou r p u rp o se s .

F o r  sim ilar rea so n s , th e  syn thesis s ta r t in g  from  sod ium  d o decano la te  
a n d  m o n o ch lo roe thy lene  g lyco l derivatives

R — O — N a +  Cl— ( С Н , - C H 2— 0 )„ — H  -  R — О — (C H 2— C H ,— 0 )„ — H  +

+  NaCl

m u s t  also be d iscarded , s ince  th e  ch lo rin a ted  e th y len e  glycol d e riv a tiv es  are 
u s u a lly  p repared  b y  th e  o x y e th y la tio n  of e th y le n e  ch lo ro h y d rin , w hich again 
le a d s  to  th e  fo rm atio n  o f  hom ologues [4].

Tw o reactions a p p e a r  to  be su itab le  fro m  th e  p ra c tic a l p o in t o f view ; 
o n e  is a W illiam son sy n th e s is  from  dodecyl ch lo rid e  an d  th e  a p p ro p ria te  m ono - 
so d iu m  ethy lene g ly co la te

H — (O — CH2— CH2)n— O N a +  Cl— R — R - О — (C H2—C H2—О) „■—H +  NaCl,

a n d  th e  o th e r from  d o d ecy l to sy la te  and  th e  a p p ro p r ia te  m onosod ium  eth y len e  
g ly co la te .
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H — (О—CH2- C H 2)„—ONa

К — О—(СН3—с н 2—0)„—н

A ccord ingly , th e se  sy n th eses  h av e  been s tu d ie d  to  d e te rm in e  th e ir  ap p licab ility  
fo r th e  p re p a ra tio n  o f  hom ogeneous ten sid es  o f  gas ch ro m ato g rap h ic  p u r ity .

M ethod

The W illiam son  sy n th es is  was effected  in  tw o  d iffe ren t w ays.
(1) T he p o ly e th y len e  glycol chain  w as b u ilt  up  from  th e  m onosod ium  

sa lts  o f low er (m — 1— 3) glycols and  dodecy l ch lo ride .

C I2H 25C1 - f  N a— ( 0 — C H 2— C H 2)m— O H  — C12H 25— ( 0 — CH2— CH2)m— O H  - f

+  NaCl

I I I  III

T h e  h y d ro x y l g ro u p  o f th e  re su ltin g  e th y len e  glycol m o n o e th e r w as rep laced  
b y  halogen via  t r e a tm e n t  w ith  th io n y l ch lo rid e , an d  th e  desired  chain  len g th  
w as a tta in e d  b y  re p e a tin g  th e  W illiam son sy n th e s is , using  th is  a lky l ch loride.

I l l  +  S0C12 — C12H 25— ( 0 — CH2— C H 2)m_ 1— 0 — CH2— CH2— Cl

IV

(2) A ccord ing  to  th e  second m ethod , th e  a p p ro p ria te  p o ly e th y len e  glycol 
chain  w as p re p a re d  f ir s t  (again  b y  W illiam son  syn th esis , in  w hich  th e  
m ax im u m  v alue  o f  n  an d  m  w as 3),

Cl— (CH 2— C H 2— 0 )„ — C H 2— C H 2— Cl +  2 N a — 0 — (C H 2— C H ,— 0 ) m— H  — 

-  H O — (C H 2— CH2— 0 ) 2m+n+1— H  +  2 NaCl

an d  th en  its  m onosod ium  g lyco la te  was allow ed to  re a c t w ith  dodecy l ch loride. 
T he c h a rac te ris tic s  o f th e  hom ogeneous ten s id es  p rep a red  are  show n in  T ab le
I . The p u r ity  o f th e  p ro d u c ts  w as checked b y  gas ch ro m a to g rap h y . T he p ro d u c t 
w as accep ted  as p u re  on ly  w hen its  gas ch ro m a to g ra m  had  one peak  u n d e r th e  
given ex p e rim en ta l co n d itions [5].
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Table 1

Homogeneous tensides prepared by Williamson synthesis

Formula m n
Boiling point Yield,

%K/Pa °C/mmHg

C12H 25O - C H 2CH2- 0 H 1 0 417/13.3 144/0.1 65

C12H 25( O - C H 2CH2)?- 0 H 2 0 437/13.3 164/0.1 57
C12H 25( O - C H 2CH2)3- 0 H 3 0 451/13.3 178/0.1 38
C12H 25( O - C H 2CH2)4- 0 H 2 2 461/ 6.7 188/0.05 50

C ,jH 2S( O - C H 2CH2)5- 0 H 2 3 486/ 6.7 212/0.05 23
CJ2H 25( 0  — CH 2CH ,)6- O H 3 3 506/13.3 233/0.1 26

where
m  is the number of glycol u n its in  the first step 
n is  the number of glycol un its in  the second step

F ro m  dodecyl to sy la te , th e  m onoethers o f  e th y len e-, d ie th y len e - an d  
t r ie th y le n e  glycols were p re p a re d  on ly , th ro u g h  th e  co rrespond ing  m o nosod ium  
g ly c o la te s , since th e  o b ta in e d  p ro d u c ts  p ro v ed  to  be in a p p ro p ria te  ev en  a fte r  
r e p e a te d  d is tilla tions, as gas ch ro m a to g ra p h ic  te s t  m a te ria ls . T h e  y ie lds o f  th e  
f i r s t  th r e e  tenside  hom ologues p re p a re d  b y  th e  to sy l e s te r m e th o d  a re  show n 
in  T a b le  I I .

D iscussion

A cco rd in g  to  th e  re su lts  o f  W illiam son sy n th eses  in  tw o  w ays, th e  f irs t  
th r e e  m em b ers  of th e  h o m ologous series o f p o ly e th y len e  glycol m o n ododccy l 
e th e rs  c a n  b e  synthesized  d ire c t ly  from  com m ercia lly  ava ilab le  e th y le n e  glycol, 
d ie th y le n e  glycol and tr ie th y le n e  glycol o f  a p p ro p ria te  q u a lity . T he p re p a ra 
t io n  o f  h ig h e r  po lyethy lene  g lyco l chains, an d  W illiam son  syn th esis  th e re fro m  
y ie ld s  te n s id e s  of in su ffic ien t q u a lity . A lth o u g h  te tra e th y le n e  g lycol o f  gas 
c h ro m a to g ra p h ic a l p u r ity  w as successfu lly  p re p a re d , ow ing to  th e  m o re  severe 
r e a c t io n  co n d itions n ecessary  fo r  th e  fu r th e r  sy n th es is , n o t only  th e  condensa-

ТаЫе II

Homogeneous tensides prepared from  dodecyl tosylate

Formula
Boiling point Yield,

%K/Pa °C/mmHg

С12Н 250 - С Н 2СИ20 - Н 425/26.6 152/0.2 40

C12H 260 - ( C H 2CH20 ) 2- H 436/13.3 163/0.1 34

C12H 260 - ( C H 2CH20 ) 3- H 452/13.3 179/0.1 13
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t io n  re a c tio n , b u t  also th e  p re p a ra tio n  o f m onosod ium  glycolate re q u ire d  h igher 
te m p e ra tu re s . T he am o u n ts  o f b y -p ro d u c ts  in c reased  and , as show n b y  th e  gas 
ch ro m a to g ra m , even  a fte r  severa l d is tilla tio n s  th e  p ro d u c t w as c o n ta m in a te d . 
In  th e  case o f  p o ly e th y len e  glycols c o n ta in in g  m ore th a n  four u n i ts ,  even  th e  
p o ly e th y len e  glycol could  no t be p re p a re d  in  gas ch ro m ato g rap h ic  p u r i ty .  The 
p ro ced u re  is fu r th e r  com plica ted  b y  th e  fa c t  th a t  for longer e th y le n e  glycol 
ch a in s  th e  bo iling  p o in t o f  p o ly e th y len e  glycol is close to  th a t  o f th e  m o n o e th e r, 
th e re fo re , th e ir  sep a ra tio n  is im p erfec t.

W ith  increasing  po ly e th y len e  g lycol chain  th e  y ield  dec reases . In  th e  
sy n th es is  s ta r tin g  from  to sy l es te r, th e  y ie ld  is low er th a n  in  th e  W illiam son  
sy n th e s is , even for th e  f irs t m em ber o f  th e  hom ologous series. A lth o u g h  th e  
re a c tio n  co n d itions are  su b s ta n tia lly  m ild e r in  th e  fo rm er case (80— 100 °C in 
s te a d  o f  140— 160 °C), th e  p ro d u c t is m u ch  m ore co n tam in a ted , a n d  fu r th e r  
p u rif ic a tio n  does n o t y ield  gas c h ro m a to g ra p h ica lly  un iform  p ro d u c t.

I t  can  be  s ta te d  th ere fo re  th a t  fo r th e  p re p a ra tio n  of h o m ogeneous dode- 
cy l a lcoho l-based  ten sid es , a m u ltis tep  W illiam son  syn thesis  is m o re  p re fe rab le , 
p ro v id e d  th a t  po ly e th y len e  glycols lo n g er th a n  te tra e th y le n e  g lyco l are  no t 
ap p lied  in  th e  in d iv id u a l reac tio n  step s .

Experim ental

Preparation of polyethylene glycol dodecyl ethers by W illiamson synthesis

E thylene glycol (or di- or triethylene glycol) (2.5 m oles) was placed into a four-necked  
flask  equipped w ith  reflux condenser, gas inlet tube and dropping funnel. U nder nitrogen  
atm osphere, 0.5 m oles (11.5 g) o f m etallic sodium  w as added at 80 °C. The tem perature o f the 
solution  w as raised to 140— 160 °C, then 0.5 m oles o f dodecyl chloride w as added  and the 
m ixture stirred at 140—160 °C for 20 — 25 h. The precipitated salt was filtered  off, the two 
phases o f the reaction m ixture were separated, and the upper phase was fractionally  distilled  
in  vacuum .

Preparation of tetra- (or h ex a -) ethylene glycol

Thionyl chloride (3 moles) was placed into a four-necked flask equipped w ith  a stirrer, 
and 3 m oles of diethylene glycol was added gradually to the boiling reaction m ixture. When 
the tem perature o f the m ixture reached 130 °C, it  was stirred for 30 min and then  fractionated. 
The m ain fraction (82%) had b.p. 176 —178 °C. To 0.5 moles o f /J,jS'-dichlorodiethyl ether 
prepared as described above, 1 mole o f  m onosodium  (diethylene)glycolate was add ed , and the 
reaction  m ixture was stirred at 140—160 °C. The precipiatted salt was filtered  o ff  and the 
filtrate  fractionally  distilled in vacuum . The m ain fractions were tetraethylene g lycol (41%), 
386—389 K/20 Pa (113— 116 °C/0.15 m m H g), and hexaethylene glycol (17%), 481 K/6.7 Pa 
(208 °C/0.05 m m H g).

Preparation of polyethylene glycol dodecyl ether from tosyl ester

To a solution of 0.5 moles o f m onosodium  ethylen e (di- or tri-) g lyco late  prepared as 
described above, 0.5 m oles o f dodecyl tosylate  [6] w as added at 80 °C. The m ixture was m ain
tained  at 80—100 °C for 20 h, then the precipitated solid was filtered off, the filtra te  separated, 
and the upper phase fractionally distilled in vacuum .
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A sim ple and effective preparation o f  the 3’(R )-hydroxycyclopentenone inter
m ediates for the syntheses o f prostaglandins E , and E2 is reported. Also discussed is 
the m echanism  o f the rearrangement of the 2’-hydroxycyclopentenone derivatives 
into the З’-h yd roxy  analogues.

D u rin g  th e  la s t  y ea rs  a few e legan t m e th o d s  have been dev e lo p ed  fo r th e  
sy n th eses  of h y d ro x y cy c lo p en ten o n es  o f ty p e  1 [1— 13]. A m ong th e se , special 
in te re s t  is a tta c h e d  to  tho se  w hich lead  to  o p tica lly  active co m p o u n d s ( la ,  b) 
[7— 13], because th e  la t te r  can  be co n v e n ie n tly  tran sfo rm ed  to  p ro s ta g la n d in s  
E j  and  E 2 via  th e  c o n ju g a te  ad d itio n  o f o rg an o m eta llic  d e riv a tiv es .

R ecen tly , F l o y d  [3] rep o rted  a u sefu l m e th o d  for th e  sy n th e s is  o f  th e  
racem ic h y d ro x y cy c lo p en ten o n e  l a  b y  th e  k in e tic a lly  con tro lled  r in g  opening  
o f  th e  racem ic ep o x y k e to n e  5a w ith  a b ase , follow ed by  re a rra n g e m e n t o f  th e  
2 ’-h y d ro x y cy c lo p en ten o n e  d e riv a tiv e  6a to  th e  th e rm o d y n am ica lly  m ore  stab le  
З ’-h y d ro x y  co m p o u n d  ( la ) .  M ost re c e n tly , P ia n c a t e l l i an d  S c e t t r i  have 
described  a m od ified  p rocedure  for th e  co n v ersio n  of 2’-h y d ro x y  com pounds 
to  th e  racem ic З ’-h y d ro x y  cyclopen tenones, u sin g  colum n c h ro m a to g ra p h y  on 
n e u tra l  or basic  a lu m in a  [6, 14].

A lthough  th e  ab o v e  au th o rs  h ad  no d ire c t evidence for th e  p ossib le  m ech
an ism  o f th e  re a rra n g e m e n t, th e y  p re su m ed  th a t  th e  reac tion  p ro ceed ed  via  
a  d eh y d ra tio n  h y d ra tio n  sequence, w ith  th e  in itia l fo rm ation  o f a cy c lo p en ta - 
d ienone d e riv a tiv e  (8), w hich im m ed ia te ly  u n d e rw e n t h y d ra tio n  to  g ive th e  
З ’-h y d ro x y cy c lo p en ten o n e .

In  th e  cou rse  o f  ou r stud ies on th e  c h e m is try  o f p ro s ta g la n d in s , i t  was 
o f  in te re s t to  le a rn  w h e th e r th is  m eth o d  w as a d ap tab le  for th e  sy n th e s is  of 
o p tica lly  ac tive  p ro s ta n o id  sy n th o n s ( la ,  b) to o . I f  so, th e  p roposed  m echan ism  
o f  th e  re a rra n g e m e n t m u st be erroneous, b ecau se  th e  in te rm ed ia te  (8) p o s tu la t
ed  in th e  crucia l s te p  is an  ach ira l co m p o u n d .
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ОН

НО
I

a: X —Y =  C = C
I I

H H

b: X—Y = CH2—CH2

S c h e m e  1

I n  o rd e r to  in v es tig a te  a n d  answ er th is  q u e s tio n , we p rep ared  th e  h i th e r to  
u n k n o w n  op tically  ac tiv e  2 ’-h y d ro x y cy c lo p en ten o n e  deriv a tiv es  6a, b, u sin g  
th e  a b o v e  m ethods. T he s y n th e t ic  ro u te  is o u tlin e d  in  Schem e I.
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F irs t ,  th e  op tica lly  ac tiv e  u n s a tu ra te d  lac to l 2 was co n v e rte d , b y  con
d en sa tio n  w ith  y lide derived  from  4 -c a rb o x y b u ty ltr ip h e n y lp h o sp h o n iu m  
b ro m id e  an d  sodio m e th y lsu lfin y lm e th id e , to  th e  corresponding  cy c lo p en ten o l 
d e r iv a tiv e  3 [15]. E p o x y d a tio n  w ith  t-b u ty l hyd roperox ide  a n d  v a n a d y l 
a c e ty la c e to n a te  [5, 16] gave se lec tive ly  th e  a-epoxyalcohol 4 a , w h ich  was 
ox id ized  w ith  Jo n e s  reag en t to  th e  co rresp o n d in g  epoxyketone  5. E x p o su re  of 
th e  l a t te r  to  an  e th e rea l so lu tion  o f tr ie th y la m in e  fu rn ished , via  th e  k in e tic a lly  
fo rm ed  en o la te , th e  2’-h y d ro x y cy c lo p en ten o n e  6a.

T he in te rm e d ia te  o f  th e  p ro s ta g la n d in  E j- ty p e  sy n th o n  6b w as p re p a re d  
in  a s im ila r  m an n e r, s ta r tin g  w ith  th e  c a ta ly tic  red u c tio n  of th e  o p tic a lly  ac tiv e  
a -ep o x y a lco h o l 4a, follow ed b y  th e  o x id a tio n  o f  th e  re su lting  s a tu ra te d  com 
p o u n d  (4b) w ith  Jo n es reag en t. O n t r e a tm e n t  w ith  tr ie th y la m in e  th e  epoxy- 
c y c lo p e n ta n o n e  51» u n d erw en t e lim in a tio n  to  y ie ld  th e  2’-h y d ro x y cy c lo p en te - 
none 6b.

T h e  s te ric  course o f th e  reac tio n  s tep s  an d  th e  assignm ent o f  c o n f ig u ra 
tio n s  a t  th e  rin g  carbon  a to m s o f th e  in te rm e d ia te s  were based  on  N M R  and  
CD s tu d ies .

T h e  c ru c ia l s tep  in  th e  sy n th esis  o f th e  2’-hydroxyenones 6 w as th e  t r a n 
s itio n  m e ta l-ca ta ly zed  ep o x id a tio n  o f  th e  cyclopen teno l 3 b y  t-b u ty l  h y d ro 
p e ro x id e . H ere , we could iso la te  on ly  one p ro d u c t, and  N M R an a ly sis  sugg ested  
th a t  i ts  c o n fig u ra tio n  was th e  req u ired  all-cis (4).

U pon  ex posu re  o f th e  ep o x y k e to n e  5 to  a base, th e  ( l ’R ,2 ’R )-s te reo iso m er 
o f  th e  2’-h y d ro x y cy c lo p en ten o n e  6 w as fo rm ed* . CD stud ies c o n firm e d  th e  
s tru c tu ra l  assignm ents.

F o r  th e  conversion  o f the  2’-h y d ro x y cy c lo p en ten o n es in to  th e  З’-h y d ro x y  
an a lo g u es, we used  essen tia lly  th e  sam e p ro ced u re  as P ia n c a n t e l l i a n d  S c e t t r i 
d id . T h e  cyc lopen tenone  6 w as ad so rb ed  on a lu m in a  (B ro ck m an n  g ra d e  I I I ,  
basic ) an d , a f te r  s tan d in g  o v e rn ig h t, th e  com p o u n d  was e lu ted . T h e  con v ersio n  
p roceeded  w ith  a high degree o f  s te reo ch em ica l contro l, because fro m  2’(/?)- 
h y d ro x y  com pounds we o b ta in ed  o p tica lly  p u re  3’(R )-hydro x y cy c lo p en ten o n es
(1) in  excellen t yields.

T he ab so lu te  con fig u ra tio n s o f th e  ch ira l cen ters in  co m p o u n d s  l a ,  lb  
an d  6b, d ed u ced  from  th e  sy n th esis , w ere also su p p o rted  by  a c o m p ars io n  of 
th e ir  CD sp e c tra  w ith  th o se  o f n a tu ra l  p y re th ro lo n e  (10) [17] a n d  a n o th e r 
h y d ro x y cy c lo p en ten o n e  d e riv a tiv e  o f  v e ry  s im ila r c o n s titu tio n  a n d  know n 
a b so lu te  co n fig u ra tio n  (11) [18]. A ll th e se  su b stan ces show a w eak er ( a t  320—• 
330 nm ) an d  a s tro n g e r (a t  220— 230 nm ) C o tto n  effect o f o p p o site  s ign  in  th e  
in v e s tig a te d  sp ec tra l range (T able I).

T he CD m ax im a can  be assigned  to  th e  п-л*  (R -band) an d  л -л *  (K -b an d ) 
e lec tro n ic  tra n s itio n s , re spec tive ly , o f th e  n o n -co p lan ar a,/?-enone ch ro m o p h o re

* The reasonable assumption was made tha t the configuration at C -l’ is retained in 
the course of this elimination (c f . Ref. [4]).
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HO

10

in  th e  cy c lopen tenone  r in g . T he signs of th e  CD m ax im a  in  th e  sp e c tra  of 
co m p o u n d s la ,  l b  a n d  l a  T H P  e th er are th e  sam e  as those of 3’(R)-11 and  
o p p o site  to  those  o f  4 (S )-10  [18]. As th e  c h ira l i ty  o f  all these  m olecules is de
te rm in e d  only b y  th e  c o n fig u ra tio n  of th e  c h ira l c e n te r , th e  abso lu te  c o n fig u ra 
tio n  o f l a ,  lb  and  l a  T H P  e th e r  m ust be 3’(jR).

T he 2 -cy c lo p en ten o n e  rin g  can assum e tw o  ch ira l conform ations w hich 
are  m irro r  im ages o f  e ach  o th e r. These c o n fo rm a tio n s  are  equally  p o p u la te d  
in  th e  case of 2 -cy c lo p en ten o n e  itse lf  and  its  a c h ira l derivatives. H ow ever, 
th e  p o sitio n  o f th e  e q u ilib r iu m  betw een th e  tw o  possib le  form s of en an tio m eric  
rin g  co n fo rm ation , i.e. th e  p re fe rred  abso lu te  c o n fo rm a tio n  of a ch ira lly  s u b s ti
tu te d  (a t  C-4 an d /o r C-5) 2 -cyclopentenone, is d e te rm in e d  by  th e  c o n fig u ra tio n  
o f  th e  ch ira l cen te r(s). T h e  co rre la tion  be tw een  th e  rin g  conform ation  (i.e. th e  
c h ira li ty  of th e  enone ch ro m o p h o re) and  th e  signs o f  th e  R- and  К -b an d  C o tto n  
e ffec ts  [19] are show n in  F ig . 1. (The ring  is v iew ed  from  th e  d irec tion  o f  th e  
axis o f  th e  0 = C  b o n d .)
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T ab le  I

C h ir o p tic a l p ro p e r tie s  o f  1, 6b, 10, 11

Compound

CD Cotton efforts

A um
11-band

A t [в] Anm
K-band

A t
Solvent

[e j
At К 
A t  R

[*]*D
(c =  1, MeOH)

l a 325 - 2 .6 8 -  8 840 225 +  16.2 +  53 500 ethanol 6.05 + 1 1 .5

331.5 - 1 .5 5 -  5 120 221 +  13.3 +  43 900 cyclohexane 8.57

la  (TH P ether) 325 - 2 .3 0 7 600 225 +  13.9 + 4 5  900 cyclohexane- 6.04 +  20

-ethanol (1  : 1)

l b 320 - 3 .1 0 - 1 0  230 228 +  17.5 +  57 800 ethanol 5.65 +  17.2

6 b 330 -f l-4 5 4 780 224.5 - 1 2 .4 — 40 800 ethanol 8.54 - 4 8

335 +  2.32 +  7 660 222.5 - 1 4 .7 —48 500 cyclohexane- 6.33

-ethanol ( 9 : 1 )

10 312 +  3.91 +  12 900 227 - 1 9 .1 — 63 100 methanol 4.89 + 12.5a

11 314 - 4 .6 4 - 1 5  300 238 +  14.3 +  47 100 methanol 3.08 - 3 0 .1

a c =  13.1, EtOII [17].

CO
Ox

NO
V

Á
K

 et al.: PRO
STA

G
LA

N
D

IN
 SY

N
TH

O
N

S



96 N O V A K  e t a t :  PROSTAGLANDIN SYN TH O NS

R -b an d
C o tto n  ( ~  320 nm ) 

K -b an d
effec ts  ( ~  230 nm )

10 (4S) R 1 = H, r 2= o h . R 3= H
11 (З’Я) R 1 = O H , r 2= h , R 3= H
l a  (З’Я) R 1 = OH, r 2= h , R 3= H
lb  (З’Я) R 1 = O H , r 2= h , R 3= H
6b ( l ’R, 2 ’R) R X= H , R .,=  O H . R 3= (C H 2)eCOOCH

F i g .  1

A ccording to  th e  a b o v e  ru le [19], th e  p o sitio n  o f  th e  h y d ro x y l g roup  a t 
C-4 a n d  C-3’ in th e  p re fe r re d  conform ation  o f  th e  m odel substances 10 a n d l l ,  
as w ell as in  l a  and  lb ,  sh o u ld  be pseudoaxial. B ased  on th is  assu m p tio n , also 
th e  co n fig u ra tio n  o f  6b can  be d e te rm in ed . I n  th is  com pound th e re  is an  
-m e th o x y c a rb o n y l-h ex y l side chain  a t C - l’ b esid e  th e  h y d ro x y l g roup  a t  C -2 \ 
T h e  tw o  su b s titu e n ts  a re  cis  to  each o ther. S u p p o sin g  th e  a lky l group to  be in  
pseudoequatorial p o s itio n , lik e  in n a tu ra l p ro s ta g la n d in  E 3 [20] and  in  its  s te reo 
iso m ers  [19], we m ay  co n c lu d e  th a t  th e  h y d ro x y l g roup  a t  C-2’ is pseudoaxia l 
in  th is  m olecule, to o . T h e  signs of th e  C o tton  effects fo u n d  in  th e  CD sp ec tru m  
o f  6b can  th u s be c o rre la te d  w ith  its  l ’(R ),2’(R) co n fig u ra tio n . (The p o sitio n  o f 
th e  h y d ro x y l group r e la t iv e  to  th e  enone ch ro m o p h o re  is opposite  to  t h a t  found  
in  com pounds l a  an d  lb .  T h e  id en tica l c o n fig u ra tio n a l sign o f th e  ch ira l c en te r 
C-2’ in  all the  th ree  c o m p o u n d s  is due only  to  th e  ru les o f  th e  C IP  conven tions. 
T h e  oppo site  ab so lu te  c o n fo rm a tio n  of th e  cy c lo p en ten o n e  ring  in l a  and  lb  
o n  th e  one hand , an d  in  6b on th e  o ther, is re fle c ted  in  th e  opposite  signs o f th e  
C o tto n  effects in 6b a n d  in  l a  and lb.)

I t  is o f in te re s t to  n o te  th a t  th e  c o n fig u ra tio n a l co rre la tio n  of su b s ti tu te d
2 -cyc lopen tenone  d e r iv a tiv e s  can only  be b a se d  on  a com parison  o f th e ir  CD 
(o r O R D ) spec tra . T h e  signs o f  th e  [a]o  va lu es  a re  u n su ita b le  for th is  p u rpose . 
As can  be seen from  th e  d a ta  o f T able I ,  4 (S )-10  is d e x tro ro ta to ry  as well as 
3’(R )- la  or 3’(R)-lb. a lth o u g h  th e ir  CD sp e c tra  a re  n e a rly  m irro r im ages. T he 
sign  o f  th e  op tical ro ta t io n  a t  589 nm  is v e ry  sen s itiv e  to  th e  re la tiv e  in te n s ity  
o f  th e  tw o  u ltra v io le t C o tto n  effects o f o p p o site  sign . In  th e  case o f 10 and  11 
th e  q u o tie n ts  o f th e  v a lu e s  o f  th e  К -band  an d  R -b a n d  CD m axim a are  sm aller 
th a n  5, w hereas in  th e  s p e c tra  of la ,  lb ,  l a  T H P  e th e r  an d  6b th is v a lue  is la rg e r 
th a n  5. T h e  sign o f th e  o p tic a l ro ta tio n  a t  th e  so d iu m  D line of th e  fo rm er su b 
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s tan ces  is d e te rm in ed  b y  th e  R -b an d  C o tton  effect, w hich  is th e  w eaker one, 
h u t  re la tiv e ly  s tro n g e r th a n  in  th e  o th e r  com pounds. In  th e  CD sp e c tra  of th e  
com pounds in v e s tig a te d  b y  us, how ever, th e  fa r th e r  К -b an d  C o tto n  effect is 
re la tiv e ly  m ore in ten se , an d  th e re fo re  th e  sign o f th e  ro ta tio n  a t  589 nm  is 
d e te rm in ed  by  i ts  sign .

F ro m  th e  s te re o se le c tiv ity  o f th e  re a rra n g em e n t, th e  p o ss ib ility  of a 
re a c tio n  proceed ing  v ia  d e h y d ra tio n -h y d ra tio n  step s  can  be  ru le d  o u t. In  th e  
a lte rn a tiv e  m echan ism  in v o lv in g  ad d itio n -e lim in a tio n  o f h y d ro x id e  ion , from  
th e  2’(Ji)-com pounds w e shou ld  h av e  go t th e  co rrespond ing  3’(S )-hydroxy- 
cyclopen tenones via  th e  (2’S ,3 ’S )-d ih y d ro x y  in te rm e d ia te . T herefo re , we 
w oidd like  to  p ropose  a re a c tio n  p a th  in v o lv in g  th e  a t ta c k  o f  a lu m in a  v ir tu a lly  
exclusively  from  th e  а -side o f  th e  2’(jR )-hydroxycyclopen tenones (6), giving 
rise to  an  ester ty p e  in te rm e d ia te  (7) in  th e  p rim a ry  s tep , w h ich  th e n  undergoes 
e lim in a tio n  to  p ro d u ce  th e  th e rm o d in a m ic a lly  m ore s ta b le  3 ’(R )-hydroxy  
com pound  (1).*

W e could fu r th e rm o re  d e m o n s tra te  th a t  th e  re a rra n g e m e n t w ith  a cyclic 
e s te r m echan ism  m ig h t p roceed  s tereospecifica lly . H ere , th e  re a rra n g e m e n t was 
ca rried  o u t b y  S to rk ’s m e th o d  e lab o ra ted  also fo r th e  racem ic  2 ’-hydroxy- 
cyclopen tenones. T h is m e th o d  consists in  th e  fo rm a tio n  o f an  a c e ta l in te rm e
d ia te , w hich th e n  undergoes e lim in a tio n  to  give th e  З’-h y d ro x y  d e riv a tiv e . 
T re a tm e n t of th e  2’(i? )-h y d ro x y cy clo p en ten o n e  6 w ith  an  e th e re a l so lu tion  of 
an h y d ro u s  ch lo ral led  to  th e  co rrespond ing  h cm iace ta l (9), w h ich  u p o n  add ition  
o f  tr ie th y la m in e , affo rded  th e  op tica lly  p u re  3’(R )-h y d ro x y cy c lo p en ten o n e  1. 
T he y ields w ere co m p arab le  w ith  th o se  o b ta in ed  b y  th e  ab o v e  m e th o d .

T h e  successful sy n th es is  of p ro s ta g la n d in  sy n th o n s  g re a tly  ex p an d s th e  
sy n th e tic  u ti l i ty  o f th is  sim ple and  co n v en ien t m e th o d , for th e  re a rran g em en t 
re su lts  n o t on ly  in  th e  conversion  o f a 2 ’-h y d ro x y cy c lo p en ten o n e  to  th e  corre
spond in g  3’-h y d ro x y  ana lo g u e , b u t also accom plishes th is  ta s k  in  a h ig h ly  stereo 
selective fash ion .

E xperim en ta l

IR  spectra were obtained w ith a Spectrom om  2000 spectrom eter. N M R  spectra were 
recorded at 60 M Hz, w ith  TMS internal standard, on a Perkin Elmer R12 spectrom eter. MS 
m easurem ents were taken on a JEO L JGC-20K and JM S-01SG-2 com bined GC/MS system . 
(Ionizing energy 74 eV, acc. voltage 10KV, ionizing current 200 A). Circular dichroism  spectra 
were determ ined by m eans of a Jobin-Y von dichrograph M odel-Ill in quartz cells o f 1 m m  length  
at room  temperature.

( - ) -M e th y l  [7 - (5 -h y d ro x y -2 -c y c lo p e n te n y l) ] -5 (Z ) -h e p te n o a te  ( 3 a )

T his com pound w as p re p are d , acco rd ing  to  th e  m eth o d  re p o rte d  fo r th e  racem ic com 
p o u n d  by  Giiieco  a n d  R e a p  [15], from  (-)-cis-2-oxybicyclo[3 ,3 .0 ]oct-6-en-3-o l (2).

[а Ш — 78° (c =  1.1, m ethanol).

* Very recently, a m echanism  via  enolate ion was proposed for this rearrangement: 
Sc e t r i, A., P ia n c a t e l l i, G., D ’A u r ia , M., D a v id , G.: Tetrahedron, 35, 135 (1979).
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( - ) -M e th y l [7 -(5 -h y d ro x y -2 ,3 -< x -e p o x y c y c lo p e n ty l) ] -5 (Z )-h e p te n o a te  (4 a )

T o a stirred solution of 31.5 g (0.14 mole) of the cyclopentanol derivative 3 a  and 0.4 g 
o f v a n a d y l acetylacetonate in 285 m l dry benzene, there was added dropwise 30 g (0.33 m ole) 
o f fresh ly  prepared t-butyl hydroperoxide [20], and the resulting solution was refluxed for 
4  h. T he solution was cooled to room  tem perature, filtered, the so lvent evaporated and the 
residue w as purified by filtration  through a short columm packed w ith  silica gel, using ben
zen e-e th y l acetate 3 : 2 as e lu en t, to  obtain  27.65 g (82% ) of the epoxycyclopentanol 4 a  
[21]; [ot]!)5 — 8° (c =  1.0, m eth anol). (For the racemic com pound, see Ref. [5]).

C ,3H 20O4 (240.3). Cald. C. 64 .95; H  8.39. Found C 64.76; H . 8.22% .
IR (film ): 3450, 1740, 1370 1220, 1170, 1100, 1060 cm " 1.
NMR(CC14): <5 1.7— 2.6 (11H , m ), 3.5 (2H , d, J  =  5 H z), 3.7 (3H , s), 5.5 (2H , m).
M S: M +  240 (5), m/e 222 (6 ), 209 (7), 192 (8), 149 (16), 148 (14), 141 (20), 140 (90), 

136 (12 ), 135 (40), 125 (41), 119 (25 ), 117 (20), 100 (19), 99 (14), 98 (28), 95 (25>, 93 (28), 91 
(36 ), 83 (40), 81 (100), 80 (100), 79 (90), 67 (70), 55 (50), 43, (48), 41 (90).

( -  ) -M e th y l [ 7 - (2 ,3 -a -e p o x y -5 -o x o -c y c lo p e n ty l) ]  -5 (Z ) - h e p te n o a te  ( 5 a )

A  solution of 4.2 g (0.042 m ole) of chromium trioxide and 3.6 m l of cone, sulfuric acid 
in  30 m l o f  water was added to a stirred and cooled so lu tion  o f 5.35 g (0.023 m ole) o f the 
epoxycyclopentan ol 4a in 60 m l o f aceton e, during 3 h at — 10°C. A fter stirring for further 1 h 
a t  -—10°C, the reaction m ixture w as treated successively w ith  6 m l of isopropanol, 80 m l of 
satu rated  sodium  carbonate so lu tion  (pH  ~  6), and then ex tracted  three tim es w ith  ether 
(400 m l). The combined ethereal ex tra cts  were washed w ith  brine and dried over anhydrous 
m agnesium  sulfate. R em oval o f th e  so lvent in vacuum  afforded 4.25 g (80% ) of the crude 
ep o x y k eto n e  5 a* ; [а ]д  —63° (c =  1.0, m ethanol). (For the racem ic com pound, cf. R ef.[5 ].)

IR  (film ): 1740, 1340, 1220, 1160 cm “ 2.
N M R  (CC14): 8 1 .7 -2 .5  (11H , m ), 3.6 (5H , s), 5.5 (2H , m ).

R -( - ) -M e th y l  [ 7 - ( 2 -h y d r o x y -5 -o x o -3 -c y c lo p c n te n y l) ] -5 (Z ) -h e p te n o a te  (6 a )

T riethylam ine (3 g; 0.029 m ole) was added dropwise to  a stirred solution of the ep o x y 
ketone 5 a  (2.75 g; 0.0115 m ole) in  1 : 1 ether-m ethylene chloride (25 ml) and the reaction  
m ixture w as allowed to stand overn igh t. A fter evaporation o f  the so lvent, ether (30 m l) was 
added and  the resulting solution w as succesively  washed w ith  I N  HC1, water, brine and then  
dried ov er  anhydrous m agnesium  su lfa te . R em oval o f the so lven t in  vacuum  afforded 2.6 g 
(95% ) o f  th e  crude 2’-hydroxycyclop en ten one 6a; [а ]д  — 40° (c =  1.0; m ethanol). A sam ple  
o f th is p rodu ct was purified b y  filtra tio n  through silicic, acid using benzene-ethyl acetate  
(3 : 2) as e lu en t to obatin pure 6a ;  [а ]д  — 43° (c =  1.0; m ethanol). (For the racem ic com pound, 
cf. R ef. [5 ].)

CISH l80 4 (238.27). Calcd. C 65.54; H  7.61. Found C 65.44; H  7.49% .
IR (film ): 3400, 1740, 1710, 1370, 1220, 1170, 1120 1060 c m “ 1.
NMR(CC14): 8 1 .6 - 2 .6  (9H , m ), 3.6 (3H , s), 5 (1H , m ), 5.5 (2H , m ), 6.15 (1H , d, J  =  7 

H z), 7 .55 (1 H , dd, J  =  3 Hz).
M S:M + 238 (15), m/e 220 (18), 219 (100), 206 (25), 205 (15), 189 (27), 188 (40),160  

(42), 146 (57), 140 (45), 133 (60), 123 (44), 119 (25), 107 (42), 97 (90), 81 (60), 80 (45), 67 (60), 
55 (65), 41 (65).

f ? -(4 - ) -M e th y l  [ 7 - (3 -h y d ro x y -5 -o x o -c y c lo p e n te n y l) ] -5 (Z ) -h e p te n o a te  ( l a )

Procedure A: To a stirred susp en sion  o f alumina (20 g; B rockm ann grade I basic) and  
w ater (0 .9  m l) there was added a so lu tion  o f 1.2 g (5.05 moles) o f the 2’-hydroXycyclopentenone  
6a  in  e th er  (20 ml) and the resulting m ixture was stirred at room  tem perature overnight. The 
reaction  m ixture was transferred o n to  a colum n and eluted  w ith  eth y l acetate-m ethanol 
(10 : 1); th e  solution was then concen trated  to yield 1.0 g (83% ) o f the З’-hydroxycyclopente- 
none l a ;  [a ] o  + 1 2 °  (c =  1.0, m eth anol). (L it. [9] [а]д —|-11.2°; c =  1.92, m ethanol;.

* T he epoxyketone decom posed therm ally upon a ttem p ted  distillation . A ttem pts a t  
purify ing th e  crude epoxyketone b y  chrom atography resulted in an elim ination  reaction w hich  
gave a 1 : 1 m ixture of the 2’-hydroxycyclopentenone 6 and З’-hydroxycyclopentenone 1.
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IR (film ): 3400, 1745, 1710, 1640, 1360, 1320, 1240, 1230, 1200, 1140, 1040 c m ' 1.
IVMR(CC14): <5 1 .4 - 2 .6  (8 H ,m ), 2.85 (2H , in ), 3.7 (3H , s), 4.8 (1H , m ), 5.45 (2H , t, 

J  =  5 H z), 7.05 (1H , m).
MS:JVi+ 238 (7), m/e 220 (100), 208 (6), 207 (21), 192 (8), 189 (30), 188 (40), 161 (16), 

160 (56), 147 (23), 146 (63), 133 (46), 131 (12), 121 (23), 119 (52), 118 (20), 117 (20), 107 (22), 
105 (20), 95 (24), 94 (54), 91 (38), 85 (23) 79 (36), 67 (38), 55 (28), 43 (64), 41 (48).

Procedure B: A nhydrous chloral (1.2 g; 8.2 m m oles) was added dropvise to a stirred  
solution  of the 2’-hydroxycyclopentenone 6a (1.7 g; 7.2 m m oles) in dry ether (10 m l), and the  
reaction m ixture was allowed to stand at room  tem perature for 16 h. T riethylam ine (2 g; 
19.4 m m oles) was added and the m ixture was stirred at room temperature for 1 h. E vaporation  
of the solvent in vacuum  left a yellow  oil (3 g), w hich  was chrom atographed on silicic acid 
(benzene-ethyl acetate 3 :2) to give the З’-hydroxycyclopentenone la  (1.2 g; 71% ); [а ]д  
4-11.5° ( = 1 . 0 ,  m ethanol). The tctrahydropyranyi ether derivative of l a  w as prepared by  
the standard m ethod; [a]5̂  - f  20° (c =  2.32, m eth anol,.

IR  (NaCl,: 1740, 1720, 1640, 1360, 1200, 1150, 1130, 1080, 1030, 990.
NMR(CC1„; : Ö 0.95 (3H , t ,  J  =  7 H z), 1.1 — 2.5 (14H , m), 2.8 (2H , m ), 3.7 (3H , s), 

3.9 (2H , t ,  J  =  6 H z), 4.7 (2H  m) 5.4 (2H , m ), 7.05 (1H , m).

( — )-M e th y l [ 7 - ( -5 -h y d ro x y -2 .3 -a -e p o x y c y c lo p e n ty l) ] -h e p ta n o a te  ( 4 b )

The epoxycyclopentanol 4 a  (10 g; 0.041 m ole) was m ixed with"0.5 g o f 5%  palladium - 
on-charcoal in 30 ml of m ethanol, and the m ixture w as stirred under a hydrogen atm osphere  
(1 atm ) until the theoretical am ount of hydrogen (1 1) had been absorbed. T he ca ta lyst was 
rem oved by filtration  and the solvent evaporated  in vacuum  to give 9.8 g (98% ) o f the oil 
epoxycyclopentanol 4 b ; [a]fy — 10° (c =  1.0, m ethanol). (For the racem ic com pound, cf. 
R ef. [5].;

C,3H„20 4 (242.3;. Calcd. C 64.43; H  9.15. Found C 64.27; H 9.22% .
IR  (film ;: 3450, 1740, 1370, 1220, 1200, 1170, 1070 cm "1.
NMR(CDC13): <5 1 .2 -  1.8 (10H , m ), 1 .9— 2.5 (5H , m ), 3.5 (2H , d, J  =  5 H z), 3.7 (3H , 

s), 3.8 (1H , m).
M S:M +  242 ( c l ) ,  m/e 241 (5), 224 (6), 211 (10), 208 (8), 193 (18), 192 (22;, 180 (14), 

164 (20), 144 (9), 143 (34), 125 (12), 122 (10), 121 (20), 112 (11), 111 (32), 110 (14), 109 (28), 
107 (12), 101 (16), 100 (100), 99 (26), 96 (38), 95 (34), 87 (48), 84 (38), 83 (40), 82 (32), 81 (42), 
74 (40), 71 (20), 69 (42). 67 (42), 56 (42), 54 (62), 44 (46), 42 (72).

( — )-M e th y l [7 -(2 ,3 -o c -e p o x y -5 -o x o -c y c lo p e n ty l) ] -h e p ta n o a te  ( 5 b )

The epoxycyclopentanol 4b  (5.3 g; 0.022 m ole) was oxidized wdth standard Jones reagent 
(45 m l), as described for 4 a  to obtain the ep oxyk eton e  5 b  in 75% yield;* [а ]д  — 56° (c =  1.0; 
m etahnol). (F"or the racem ic com pound, cf. Ref. [5].)

C13H„0O4 (240.3). Calcd. C 64.98; H  8.39. Found C 64.56; H 8.15% .
IR (film ): 1740, 1370, 1240, 1200, 1170, 1000 c m - 1.
NMR(CDClj): Ő 1.3— 1.8 (1 0 H ,m ), 2.1 — 2.5 (3H , m), 2.58 (2H , s), 3 .7  (3H , s), 3.8 

(2H , s).

R - ( — )-M c th y l [ 7 - (2 -h y d ro x y -5 -o x o -3 -c y c lo p e n ty l) ] -h e p ta n o a te  ( 6 b )

The epoxyketone 5b  and triethylam ine were allowed to react according to the m ethod  
described for 6a, to obtain the 2’-hydroxycyclopentenone 6b in 93% yield; [<x] q  -—48° (c =  1.0, 
m ethanol). (For the racem ic com pound, cf. Ref. [5 ].)

c i3H ,0O4 (240.3). Calcd. C. 64.97; H  8.39. Found C 64.72; H 8.28% .
IR (film ): 3400, 1740, 1715, 1370, 1270, 1200, 1170, 1120, 1040 c m -'.

NMR(CDC13): <5 1.2— 1.8 (10H , m ), 2.1 — 2.5 (3H , m), 3.7 (3H , s), 3.95 (1H , m ), 5.05 
(1H , m ), 6.15 (1H , d, J  =  6 H z), 7.52 (1H , dd, J  =  3 H z).

M S;M + 240 (10), m/e 222 (14), 209 (11), 208 (11), 190 (16), 162 (9), 143 (12), 121 (12), 
111 (19), 109 (12), 107 (10), 98 (100;, 95 (21), 84 (35), 80 (17), 67 (20), 55 (31), 41 (38).

* Other oxidation  m ethods (e.g. w ith  m anganese dioxide, barium m anganate) wrere 
unsuccessful.
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/{ - (—) - M e th y l [7 - (3 -h y d ro x y -5 -o x o -c y c lo p e n ty l) ]  -h e p ta n o a te  ( l b )

The 2’-hydroxycyclopentenone 6b was converted  in to  the 3’-hydroxycyclopentenone  
d erivative  lb  as described for l a  (Procedure A  or B )  to ob ta in  the product in 75%  and 65%  
y ield , respectively; [a]£J + 1 7 .2 °  (c =  1.0; ethanol); m .p. 62 °C (ethyl acetate). (L it. [11] 
W d  + 1 7 .2 8 ° ;  c =  0 .49, m ethanol; m.p. 60—61 °C).

IR (K B r): 3350, 1740, 1700, 1370, 1330, 1310, 1210, 1170, 1100, 1080 c m - 1.
NMR(CDC13): 8 1 .2— 1.6 (8H , m), 2 - 2 .8  (6H , m ), 3.7 (3H , s), 3.9 (1H , m), 4.9 (1H , m ), 

7.15 (1H , m).
M S:M + 240 (6) m /e 224 (4), 223 (21), 222 (58), 209 (7), 208 (15), 191 (42), 190 (100), 

172 (15), 163 (32;, 162 (46), 149 (24), 137 (15), 136 (26), 135 (24), 122 (25), 111 (30), 110 (22), 
97 (30), 96 (48;, 95 (72), 94 (26), 93 (20), 87 (16), 79 (32), 67 (42), 55 (54), 43 (74), 41 (82), 
39 (38).

The tetrahydropyranyl ether derivative of l b  was prepared by the standard m ethod; 
[a ] ű  + 2 2 °  (c =  1.0; m ethanol).

IR(NaCl): 1735, 1715. 1640 1360, 1200, 1150, 1130, 1080, 1030, 990.
NMR(CC14): Ö 0.95 (3H , t ,  J  =  7 H z), 1.1— 1.9 (14H , m ), 2 - 2 .4  (6H , m), 3.7 (3H , m ), 

3.9 (2H , t ,  J  =  6 H z), 4.7 (2 H , m ), 7.05 (1H , m).
MS-.M+ 324 ( < 1 ) ,  m /e  240 (36), 239 (10), 235 (12), 223 (78), 222 (15), 191 (24), 163 

(20), 149 (5), 85 (100), 84 (20), 79 (25), 41 (40).
*

The authors’ thanks are due to Ilona В атта , Pál K o l o n it s , Tibor Mü l l e r  and Áron  
S zö ll ö si for the elem ental and spectral analyses. F inancial assistance from Chinoin P harm a
ceutical and Chemical W orks L td , Budapest, is gratefully  acknow ledged.
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In  co n tin u a tio n  o f  o u r  s tu d ies  in to  anom alous reac tio n s  o f halogen  d e r iv a 
tiv e s  w ith  nu lceopliiles [1], tr ip h e n y lm e th y l ch lo rid e  ( la )  w as a llow ed  to  
re a c t  w ith  sodium  m e th o x id e  in  2 ,2 -d im eth o x y p ro p an e  to  o b ta in , in  a d d itio n  
to  th e  n o rm al m e th an o ly sis  ( lb )  an d  hydro lysis p ro d u c ts  ( lc ) , th e  cine p ro d u c t 
2 (p ro b a b ly  a m ix tu re  o f  th e  o- and  p -isom ers), th e  red u ced  p ro d u c t Id , and  
d i t r i ty l  perox ide  (D T P O ) [E x p erim en ts  1 an d  2, T ab le  I]  w hich, w ith  th e  ex
cep tio n  o f  com pound  2, w ere id en tified  b y  co m p ariso n  (TLC, IR ) w ith

lb :  X  =  OMe 
lc :  X  =  O H  
Id: X  =  H

a u th e n tic  sam ples. C om pound  2, a r e lu c ta n tly  c ry s ta lliz in g  o ily  p ro d u c t, 
w as ch a rac te rized  b y  its  JH  N M R  [CDC13; ö 3.75s (M eO), 5.50s (A r3C— H ), 
6.6— 7.45m  (14H , A rH ’s)] an d  IR  sp ec tra  [K B r; 840, 810 an d  790 c m - 1; 
th e  sp e c tra  of co m p o u n d s lb  an d  Id  have no b a n d s  in  th is  reg ion ]. T he fu lly  
a ro m a tic  d im er 3 [2] w as n o t  o b ta in ed  in  an y  o f th e  ex p erim en ts .

I n  E x p e rim e n ts  5— 8, ru n  in  th e  presence o f  n itro -o r  m -d in itro b en zen e , th e  
y ie ld s o f com pound  Id an d  o f D T P O  were found  to  decrease  s ig n ifican tly , w h ere
as th e  y ie ld  o f co m p o u n d  l b  increased  w hich , to g e th e r  w ith  th e  s tru c tu re s  of 
th e se  p ro d u c ts , ap p e a rs  to  in d ic a te  th a t ,  in c o n tra s t  to  com p o u n d  lb ,  com 
p o u n d  Id and  D T P O  are  fo rm ed  via  in te rm e d ia te  ra d ic a l an ions an d  rad ica ls , 
as show n in  Schem e 1. T h is ap p ears  to  be th e  f i r s t  case o f th e  fo rm a tio n , in 
duced  b y  sod ium  m e th o x id e  (or, in  fac t, b y  a n y  sim ila r, h a rd ly  ox id izab le  
nuc leoph ile ), o f ra d ic a l an ions from  an  a ry lm e th y l h a lid e  co n ta in in g  no  n itro  
g roup  in  p -p o sitio n  (cf. R ef. [4]).

P h 3C— X  

l a :  X  =  Cl

P h 2CH C6H 4— OMe

2

p - P h 3C— C6H 4— C H P h 2

3
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R —Híg +  CH3O0 ^  ( R - H l g ) 0 ,  +  CH.,0- R - +  H íg©  +  CH30 -

R +  CH.,00 -* R - H  +  CHjO0

R- +  CH3O0 -* R :0  +  CH30 -  R:0  — -  —  ?■>■ R - H

R - H l g  +  CH20 @ ^  ( R - H l g ) 0 ,  +  CH20

R- +  CH3OY R - H  +  CH2OY

R- +  0 2 ^  R О О- +R '> R О О - R

R =  (C6H 5)3C — Y =  — C(CH3)2OCH3

Schem e 1. Formation of tr iphenylm ethaue (R  H =  Id) and DTPO ( =  R —О — O R) via 
the radical anion—radical m echanism  (cf. Ref. [3])

Table I

Reaction o f  triphenylm ethyl chloride ( la )  with sodium  
m ethoxide in  2 ,2-dim ethoxypropane (D M P )

Run
No.a)

Products and yields (isolated), % Total yield,
°/ol b l c 2 Id DTPO

lb ) 27.8 15.2 d) 20.5 >  2 6S.5
2 b) 29.7 15.4 10.2 16.7 5.4 77.4

3C) 32.9 17.1 7.1 21.0 _ e> 78.1
4 C> 32.6 18.0 5.5 19.4 _ e> 75.5
5 b , f ) 37.5 8.6 < 8 e) 11.4 _e) 57.5h)
6 b.O 37.3 20.1 < 2 .4 B) 11.5 _e) 71.3
7 b ,i) 43.4 24.8 < 4 g) 15.0 _e) 83.2h)
8 b, j) 44.8 12.2 < 1 4.3 ^ e) 62.3

'' M ixtures of l a  (1.0 g), NaOM e (4 equivalents) and DM P were refluxed for 1 h  and worked 
up b y  fractional crystallization (D T PO ) and preparative TLC ( lb  d, 2)

b) In  air
c) Under nitrogen
d) N o attem pt was made to isolate compound 2 in Run 1 
О N o t formed in isolable am ounts
f) In the presence of 1 m ole o f  PhNO., for 1 m ole of compound la
О Since compound 2 and P h N 0 2 had almost identical /v. values in the system  used, the 

la tter  w as removed by steam  distillation  
h) Y ield  of compound 2 not included  

In  the presence of 2 m oles o f  PhN O , for 1 mole o f compound la
In  the presence of 1 m ole o f  m-dinitrobenzene for 1 mole o f compound la :  considerable 

am oun ts o f  tarry products were formed
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Topics in  Current C hem istry , Vol. 73 

Organic C hem istry , 271 p p .

Springer Verlag, Berlin, H eidelberg, N ew  York 1978

The series contains com prehensive papers offering a survey of the present state  and 
future trends in m odern chem ical research. The authors o f the individual papers are active  
workers in the special fields discussed. The present volum e contains four independent papers 
dealing w ith organic chem istry.

W. S. Sh e l d r ic k : Stereochemistry o f Penta- and Hexacoordinate Phosphorus Derivatives. 
The largest developm ent in the stereochem istry of phosphorus com pounds has been achieved  
in the field of penta- and hexacoordinated derivatives. These com pounds could hardly be 
exam ined earlier ow ing to their instability and v o la tility . In the last decade, however, the 
availab ility  o f stable phosphoranes containing one or tw o rings, as well as the developm ent 
o f electron diffraction and X -ray diffraction techniques have brought about several new results 
in structure elucidation . In this paper, the stereochem ical exam ination of penta- and hexa
coordinated phosphorus derivatives effected by d iffraction  m ethods is discussed. After a dis
cussion of the configuration of pentacoordinated phosphorus derivatives and the theory of 
bonding, the paper deals w ith  acyclic, m onocyclic, sp irobicyclic, condensed cyclic  and tricyclic  
phosphorus derivatives and som e hexacoordinated phosphorus com pounds — ionic and non
ionic com plexes and the results obtained up to 1976 in the determ ination o f their structures 
are described. A critical survey of the ample literature is com pleted by tabular sum m ary  
o f the data.

P. Ca u b é r e : Complex Bases and Complex R educing Agents. New Tools in  Organic 
Synthesis. In the paper consisting of two chapters the author discusses his own results. The 
starting point o f the exam inations has been the observation  that certain arom atic nucleophilic 
substitu tion  reactions cannot be achieved w ith sod ium  amide acting as a base in a given  
solvent and w ith  a given  nucleophile agent, yet the reaction takes place readily on the addi
tion  of certain activa tin g  agents (alcoholates, enolates). R esults of several experim ents have 
confirmed that in these reactions the real active agent is the “ com plex base” formed from  
sodium  amide and the activating  agent. The reactions evoked  by means of the com plex bases, 
the role o f the nature of the activating agent, the so lven t and the optim um  ratio of the a ctiva t
ing agent and sodium  am ide are discussed in detail.

In the second chapter, the principle o f activa tion  o f sodium  amide is extended to the 
case of reductions effected  w ith  sodium  hydride. A lthough the detailes o f the general rule 
deduced from these studies await yet elucidation, a large number of the practical exam ples 
given provide useful inform ation for the synthetic organic chem ists inspiring further applica
tion of the m ethod.

J . C. J u t z : A rom atic and Heteroaromatic Com pounds by Electrocyclic Ring-Closure with  
E lim ination. In the synthesis o f oligo- and polycyclic  arom atic and heteroarom atic com pounds, 
increasingly w idespread application is found by the m ethod of electrocyclic ring-closure, 
induced therm ally, accom panied by elim ination. The prototype o f these reactions is the Ziegler- 
Hafner azulene syn th esis, where trialkylainine containing a fulvenoid decapentaene structural 
part yields azulene on heating by electrocyclic ring-closure and the sp lit-off o f dialkylam ine. 
In the developm ent o f oligo- and polycyclic arom atic system s, a cyclization of hexatriene — 
cyclohexadiene typ e  takes place. The m ost various l-d ia lk yla in in o-l,3 ,5 -h exatrienes can be 
converted therm ally into benzene derivatives w ith  the release of dialkylam ine. The field of 
application of th is cyclization  reaction has been greatly extended by realizing th a t 1-dialkyl- 
am inohexatrienes, in which the double bond is form ally the part o f an arom atic or hetero
aromatic system , can also be readily subjected to cyclization . i.e. ring annelation can be achieved.
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F urth er  possibilities are provided b y  the fact that nitrogen atom s can su bstitu te  one or 
tw o carb on  atom s in the chain o f  1-dialkylam inohexatrienes, hence six-m em bered hetero
a rom atic  system s can be obtained in  th is w ay. The paper gives a system atic and detailed  sur
v e y  o f  th e  theory of the reaction and  its applications.

H . S ch w a rz : Some Newer A sp ec ts  o f  M ass Spectrometric Ortho Effects. The ortho effect 
w as a p p lied  earlier only in d iagn ostic  work in the m ass spectrom etric structure elu cidation  of 
organic com pounds, for the iden tifica tion  of 1,2-d isubstituted  cis structural parts. In  the 
present paper the author reports o n  th e  m ost recent exam inations aim ing at the e lucidation  
o f th e  m echanism  of the ortho e ffec t and related secondary conversions. The short, concise 
paper conta in ing  a large literature provides valuable help for researchers dealing w ith  m ass 
sp ectrom etry .

J .  C sá sz á r

Topics in  C urrent C hem istry , Vol. 74 

O rganic Coumponds9 S yn th eses , Stereochem istry , R eactiv ity  133 p p . 

Springer V erlag, Berlin, Heidelberg, N ew  York 1978

T he present book of the series (cf. previous book review ) contains four com prehensive  
papers dea lin g  w ith organic chem istry .

F . VÖGTE, G. H o h n e r : Stereochem istry o f  M ultibridged , M ultilayered and M u ltistepped  
A rom atic  Compounds. Transannular and Electronic Effects. In connection w ith  the structure  
e lu cid ation  o f  cyclophanes (arom atic rings connected b y  two bridges), analogues w ith  particular  
structures h ave been recently prepared: (a) arom atic rings linked by three or more bridges 
(m u ltib r id ged  phanes); (b) coupling o f  several arom atic rings b y  m eans of bridges characteristic  
o f ph an es so as to make the arom atic rings to form  layers above each other (m ultilayered  
ph anes); (c) connection of arom atic rings by means o f bridges ensuring stepwise arrangem ent 
o f th e  arom atic  rings above each other in  the system s developed (m ultistepped phanes). 
T hese r ig id , som etim es strongly stressed  system s are particularly suitable for studies o f  intra
m olecu lar steric and electronic in teractions. The present paper provides a short, concise 
su m m ary o f  these special phanes, th e ir  spectroscopic studies and their geom etry, on the basis of 
the m o st recen t literature data, th a t  is, papers published betw een 1960 and 1977.

E . S. L e w is : Isotope Effects in  Hydrogen A tom  Transfer Reactions. The paper deals 
w ith  hy d ro g en  atom  transfer reactions w hich can be characterized by the general form ula 
A* -j- H :X  -*■ A:H  - f  X*, where A* or X* or both are organic free radicals. H ydrogen atom  
transfer is frequently occurring in  organic reactions taking place through free radicals. Since 
th is m ean s the least com plicated su b stitu tion  reaction for the organic chem ist, it  has been  
stu d ied  in  deta il, yet several qu estion s have rem ained unsolved. Studies on the isotope effect 
in h yd ro g en  atom  transfer reactions can be accom plished experim entally and the transition  
sta tes o f  th e  reactions do not give rise to special difficulties in the investigations either; these  
can also be studied . In a series o f sy stem s, w hich can be characterized by a constant intrinsic  
barrier, a n y  o f the three values, in trin sic  barrier, isotope effect and exotherm icity , can be 
ca lcu la ted  in  the knowledge of the tw o  other data b y  the m odified Marcus equation , or by  
m eans o f  th e  hyperbolic correlation n o t deduced theoretically , bu t easier to apply. The paper  
reports on th ese  investigations.

R . J . L e m ir e , P. G. Se a r s : N -M ethylacetam ide as a Solvent. Special a tten tion  has been  
paid to  the Ar-m ethylam ides of lower carboxylic  acids since 1951, when their very h igh d ielec
tric co n sta n ts  were published. Since th en  these com pounds have gained im portance as new , 
non -aqu eou s solvents, as they can be purified relatively easily  and their properties can w ell be 
com bined. T he member of the group studied  in greatest detail is iV-m ethylacetam ide (NM A). 
The au th or  collected the experim ental results and classified them . The main chapters o f the 
paper g iv e  a good picture of the thorough  work of the authors: Synthesis and purification; 
Structure o f  NM A in the gaseous phase and in solid state; P hysical properties and structure  
of liqu id  NM A; Electrochem istry (e .g ., ion transport, behaviour of electrodes in  N M A , etc.); 
Solu tions (so lub ility  of electrolytes and  non-electrolytes, cryoscopic m easurem ents in  NM A); 
S o lv a ta tio n ; Reactions in NMA. The chapters contain the large m ajority o f literature data in 
add ition  to  am ple references, thus th e  paper is interesting not only for those already em ploying  
NM A and requiring a summary of its  properties, but for all who w ant to find a non-aqueous 
so lven t w ith  excellent and w ell-know n properties.
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J . Ga s t e ig e r , С. J o c h u m : E R O S, A  Com puter Program fo r Generating Sequences o f 
Reactions. For long, the application o f com puters in chem istry was lim ited  to  num erical cal
culations. R ecen tly , the possibilities o f th is m odern technique have also been applied for the 
solution o f chem ical problem s, such as the design o f syntheses, determ ination o f  correlation  
betw een structure and a c itiv ity  and the e lucidation  of molecular structure from  spectroscopic 
data. These were characteristically such problem s, w hich had been thought to  be soluble only  
by the hum an m ind; the m ost interesting and m ost colourful is the design o f syn thesis paths 
for organic com pounds. In the com puter treatm ent of chemical reactions, m ain ly  the illustra
tion  of the m olecules and the reactions was assum ed to be required. Since illustration  of the 
m olecules is more or less a technical task , the central problem was the illustration  of chemical 
reactions. In the system s developed earlier, the syn th etic  reactions were obta ined  by com bin
ing those known before, thus these system s can be regarded as a library in  a com puter. The 
authors w ith  a larger team  started tbe developm ent o f a com puter program  su itab le  for the 
design of syntheses in 1972. The m olecules are represented by B E  m atrices (bond and electron 
m atrices), the reactions are represented by R -m atrices. Since the R  m atrix can also be formed 
entirely form ally, th is m ethod is suitable for the production of any possible reaction , irre
spective o f the fact w hether siuch a reaction is really known or is perfectly  new . F irst the 
CICLOPS (Com puters in  Chem istry, L ogic Oriented P lanning of S yn theses) program was 
developed for the design of syntheses and, on the basis o f the favourable experience obtained  
w ith  it , the E R O S (Elaboration of R eactions for Organic Synthesis), a new  synthesis-p lanning  
program has been evolved . The authors shortly review  the m ethod and present som e illustrative  
exam ples o f its applicability .

A t the end of the book, the Author In d ex  o f Vols 26—74 of the series is given.

J .  C s á s z á r

Recent R esu lts in  C hem istry , Vol. 41 ( In  H u n g arian ); E d ito r  B é la  C s á k v á r I, 

A kadém iai K ia d ó , B u d a p e s t 1978

P . M ó r i t z : Calculation-technical M ethods fo r  the E xa m in a tio n  o f  Phase and
Chem ical E quilibria

220 pages, 376 references

The sum m ary of the content of th is book is not a form ality in this case because the author 
has dealt w ith  a m uch broader field here th an  w h at one would exp ect from  th e  title . This 
book contains not only useful calculation m ethods, bu t also valuable literature surveys, im
portant discussions, good establishm ents and rem arks o f the physicochem ical characteristics 
o f gases and m ono- and m ulticom ponent liquids.

Chapter 1 establishes the fundam entals o f  the theory of corresponding states and a 
discussion of efforts m aking it  both more e x a c t and more general. In the n e x t  chapter the 
author review s the m ost im portant approxim ate m ethods for the calculation o f  characteristics 
which determ ine the critical states o f liquids. These m ethods make use o f the num ber of car
bon atom s in a hom ologous series of com pounds or of certain physical qu an tities (e.g. polari- 
zab'lity , m olar refraction, etc.). N ext, som e sim ple m ethods suggested b y  the author are intro
duced. The top ic  o f  Chapter 3 is the calculation  of the vapor pressure of liquids. Here is given  
a very good sum m ary of the equations in th e  literature for the calculation o f  th is quantity. 
Also discussed are tw o sim pler m ethode suggested  by the author. One o f these  m ethods is 
based on the use o f atom ic and bond increm ents, while the other is based on th e  atom ic group 
increm ents. In the next chapter, where the exam inations of the gaseous sta te  are reviewed, 
tabulated  sum m arizations give a very good survey o f the gas equations suggested  in the litera
ture. Very rem arkable are the author’s optim alizations of the constants o f  the van  der W aals 
equation which result in som ewhat different hut better constants than the w ell known ones. 
Also im portant is th a t new  state param eters are suggested with these new  constan ts, which  
behave like the critical state parameters o f gases, allowing higher accuracy to  be obtained. 
The next chapter deals w ith  the calculation o f surface tension and a new calculation  m ethod  
is described, using atom ic and bond increm ents given by the author. The connection  of surface 
tension to v iscosity  is also exam ined.

Actu Chitrt. Acad. Sei. Hung. 102, 1979



106 RECENSIO NES

C hapter 6 deals w ith the calcu lation  of some characteristics o f m ulticom ponent liquid  
m ixtures and a com puter program is described to determ ine the equation of the correct boiling  
poin t curves. This program finds the optim um  values o f six  constants. The problems discussed  
here are im portant in chem ical engineering.

T he top ic  o f the next chapter is the calculation of the equilibrium  conversions from  the  
equilibrium  constants. A good calculation  m ethod is described, the essence of which is th at  
the equ ilib riu m  constants are rew ritten  w ith  the molar ratios o f the reactants and products 
and th e  equations obtained are reduced to zero and m inim ized.

T he la st chapter deals w ith  the m ethodology of the determ ination of phenom enological 
relations. A  com puter program is g iven  for the exam ination o f the hom ogeneityof measured data  
and for th e  determ ination of the largest hom ogeneous sub-set. Another program is w ritten  on 
the b asis o f  a new  m ethod for the exam ination of the significance and for the detection  of  
sy stem a tic  trends in the column and rows o f tabulated experim ental data. N ex t, there is a very  
good descr ip tion  on the choice o f a function  best approaching the measured data. A  m ethod  
is in troduced  to approach the m easured data by m ultivariable nonlinear functions. Also a 
com puter program  is w ritten for th is purpose which finds th e  optim um  values of the param 
eters o f  a function . Another calculation  m ethod is suggested  to determine the equation of  
a fa m ily  o f  curves depending on param eters. This m ethod, in  essence, deals w ith the param eters 
on tw o  lev e ls: as common and group parameters. F in ally , m ethods are given to optim alize  
ph ysico -chem ica l m odels, which is m athem atically  the determ ination of the extrem e value of  
scalar v e c to r  functions. The author’s sim ple procedure, w hich is a m odified sim plex m ethod, 
has the ad van tages o f the known ones (grid, gradient and search) and can be used to solve  
num erous problem s. The flow  chart and the tex t o f the program  are given and also the results 
obta ined  on  som e m odel functions.

T h is book is a very well w ritten , outstanding work. A ll the literature surveys are clear 
and co n c ise , and contain im portant additional com m ents in the discussed details. The presen
ta tion  o f  th e  chem ical and m athem atical problems are very  understandable, and their trea t
m ent and  solution  can be easily follow ed. The author’s ow n results, which are rem arkable, 
both  from  practical and theoretical points o f view , are well incorporated into this book. The 
ca lcu lation -techn ica l m ethods discussed in the last chapter and the com puter programs will 
be v ery  u sefu l tools to solve various problem s. Although the author raises and solves num erous 
problem s from  the point o f view  o f  chem ical engineering practice, I am convinced that the  
subjects d ea lt w ith  in this book can also be successfully applied  in other fields o f  chem istry.

J .  T ó t h  a n d  P . É r d i : The M odels , Problems and A p p lica tio n s  o f  Form al R eac
tion K inetics

125 pages, 230 references

F orm al reaction kinetics, the top ic o f this book, is a discipline of reaction kinetics w hich  
does n o t dea l w ith  microscopic m echanism s of chemical reactions, even when one of the m odels 
is app lied  in  reaction kinetics. On the other hand, form al reaction kinetics — even in the  
consequences o f its abstraction — is not on ly  an applicable m athem atical theory, but also an 
applied one in  other areas o f  sciences in addition to chem istry, e.g. in biology. One of the main 
aims o f th e  authors in writing this book was to introduce and discuss the possible m odels o f  
formal reaction  kinetics and their applicab ility  in various fields o f sciences.

In  Chapter 1 o f the book th e  authors define the basic concepts w ith form ulations of 
form al rea ction  kinetics and they introduce the applicability  o f  these on a “ composed chem ical 
reaction” o f  the Volterra—Lehotka type. After giving the definitions, they make various 
su pp lem en ts and restrictions in order to  obtain the m odels o f  the com posed chemical reaction. 
E ight su ch  m odels are identified in th is book depending on the nature of changes and on the 
choice o f  tim e  and space of events as continuous or discrete.

T he top ic  o f Chapter 2 is the discussion of the stochastic  m odels o f the composed chem i
cal reaction  satisfy ing the generalized law  o f mass action. The m ost detailed treatm ent is given  
on the m odel o f  continuous tim e and discrete space of ev en ts , w hich is justified by the fact 
th a t th is  m odel is the m ost realistic, the best established and also the m ost frequently used  
one am ong the stochastic models. T hen the K olm ogorov differential equations referring to the 
transition  probab ility  and absolute distribution  functions of the M arkov process are introduced  
and there is also a discussion of the m ethods used to solve these equations. This survey is 
more sy stem a tic  and more com plete than  in the literature.
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In Chapter 3 the authors deal w ith  the determ inistic m odels. The m ajority o f this 
section is given to the W ilhelm y— Guldberg— Waage m odel or, as it is defined in the formal 
reaction kinetics, to the determ inistic m odel o f continuous tim e and continuous space of 
events. Beside the detailed treatm ent o f this model there are also som e m athem atically  im 
portant results here, a brief section is presented on enzym e k inetics and on the m ethods of 
concluding the elem entary reactions from concentrations versus tim e curves.

The topic o f the next chapter is the comparison o f the various m odels. In the last 
chapter there is a short survey on the application of the form al reaction kinetics. The chemical 
applications (enzym e k inetics, oscillation reactions, etc.) and the physical applications are 
m entioned only very briefly. The m ain em phasis o f this section  is given to the applicabilities 
for constructing m odels for population dynam ics, for the propagation o f epidem ics and for 
m icrobiological and genetical processes.

In this book the authors discuss the m odels o f the form al reaction k inetics w ith their 
treatm ents on a m athem atically  well established basis. T hey  introduce not only  the past 
changes in this field , but also point to recent ones and to v iv id  problem s. T hey make valuable  
contributions, e.g. th ey  m anaged to dem onstrate that the m odel o f  continuous tim e and dis
crete space of events for the com posed chem ical reaction fulfilling the generalized law on mass 
action is a generalized M arkov process and that m ost o f the processes applied in the chem istry  
and biology are its special cases. The book contains 230 c ita tions, bu t it is a p ity  that only  
one third of those belongs to chem istry and biochem istry, w hich is too little  for a book written  
for th is series. I th ink  th a t a more striking em phasis o f the chem ical aspects and that exam ples 
of the som etim es too abstract discussions would have been advantageous for th is book.

F .  G a i s e r
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A C TA  CH IM IC A

TO M  102— В Ы П . 1

РЕЗЮМЕ

Гидродехлорирование альдрина, диельдрина и токсафена
Р . Б .  Л А П И Е Р Р Е , Э. Б И Р О Н , Л . Л У Ц И , Б . Л . К Р А Н И Х , А. X . Б Е И С

Реакция гидродехлорирования альдрина, его эпоксида — диельдрина и токсафена 
была исследована в растворе С2Н-,ОН —NaOH при 50 барах Н2, 130°С и, используя нике
левый катализатор на Кизельгуре с содержанием никеля 61 %. Стехиометрия этих тяжелых 
мультифункциональных частиц следует правилам, определенным для простых образцов 
с низким молекулярным весом. Типичными являются сиинхронные (т. е. многоступенча
тые) реакции, в которых промежуточные продукты не десорбируются. Так например, для 
альдрина:

Вначале гидрируется олефиновая группа в молекуле (эпоксид не затрагивается при этих 
условиях) и одновременно с этим происходит выделение высоко активного геминального 
дихлорида. Молекула затем реадсорбируется и на одной ступени теряет свои олефиновые 
атомы хлора и гидрируется по олефиновой связи. Последними, наименее реактивными 
хлорами, которые выделяются, являются алифатические хлоры. Вследствие их очень 
низной реактивности, диельдрин, альдрин и токсафен, не легко полностью лишить со
ответствующего углеводородного скелета.

Источники погрешностей количественного определения твердых 
кристаллических минералов с помощью ИК спектроскопии

Были изучены возможности количественного определения с помощью ИК спектро
скопического и рентгено-диффракционного методов четырех минералов различного про
исхождения и физических свойств каолиниз (цетлитца), сеги бумажный каолин из Сега, 
песок из Уркута, шведский земляной ортоклас). Изменение размеров зерен образцов и 
организованности кристаллического состояния было достигнуто с помощью измода в 
вибрационной паровой мельнице.

Были определены коррелирующие зависимости количественных параметров, оп
ределенных из ИК спектров и рентгенограмм, от размера зерен помола.

Рассматриваются поверхностные натяжения и способность к образованию пленок 
в системах углеводородных фракций богатых порфирином, выделенных из характер
ных отечественных нефтей, с водой и бензолом. Были сделаны попытки определения зави
симости этих величин от содержания порфирина, азота, гетероатомов и отношения С/Н во 
фракциях. В качестве сравниваемой модели использовали лезо-тетрафенилпорфирин, а

Й . Х Л А В А И  и Я . И Н Ц Е Д И

Исследование свойств поверхностей раздела в системах 
петропорфиринов с водой и бензолом

Й. Л А К А ТО Ш -С А БО



такж е его ванадиевые и никелевые комплексы. Было установлено, что соединения при
родных углеводородов с большим содержанием гетероатома уменьшают поверхностное 
натяжение, а способность и образованию пленок может быть приписана присутствию 
ненасыщенных углеводородов. Изменение обоих параметров поверхностей раздела совпа
дает с изменением содержания порфирина в отдельных углеводородных фракциях.

Исследование электронного строения смешанных комплексов 
железо-диоксим с помощью спектроскопии Мёссбауэра

Л . К О Р Е Ц , А. А. С А ГИ ЕР, Ч. В А Р Х Е И  и К . Б У Р Г Е Р

С помощью параметров Мёссбауэра смешанных комплексов железа-диоксима с 
однокислыми азотными основаниями, а также, исходя из данных, рассчитанных из них с 
помощью метода МО, было обсуждено влияние отдельных лигандов на электронное строе
ние центрального атома железа (на заселение а  и л  орбит и эффективный заряд).

Производные аминофталазинона, V

Синтез 4-гидразино-1(2Н)-фталазинонов
к. К Ё Р М Е Н Д И , К . А. Ю ХАС и Е . Л Е М Б Е Р К О В И Ч

З-Оксо-1-иминоизоиндолин (3), реагируя с монозамещенными алкилгидразинами 
дает производные аминофталазинона (5), замещенные в положении N(2), структура кото
рых была подтверждена препаративным путем. Замещение при N(2) экранирует обмен 
аминогруппы на гидразиновую группу, поэтому путь 3 - 5  — 6 является непригод
ным для продолжения синтеза Кёхлера [1]. Соединение 3 и его алкил-дизамещенные и 
циклические алкиленгидразины (напр., iV-аминопиперидин) образуют гидразиноизоиндоли- 
ноны (9) с удовлетворительным выходом, которые могут быть превращены с помощью гидра- 
зингидрата, метилгидразина и 2-гидроксиэтилгидразина в производные гидразинофтала- 
зинона со структурой 10 и 11, соответственно. Аминофталазинон (4) и полученные гидра- 
зинофталазиноны (10) метилируются в положении N(2) с помощью диметилсульфата.

Синтез солей изоглаван-4-(1-пиридиния)
В. С А Б О , Й . Б О Р Б Е Й  и Е . А Н Т А Л

Обработка т ранс(а.)-и  /шс(/3)-4-гидроксиизофлаванов (la, lb) хлористым тозилом в 
пиридине приводит — вместо ожидаемых тозилатов — к одинаковому изофлаван-4-(1- 
пиридиний)-тозилату (IVa). Анион соединения IVa обменивается на другие анионы. Вос
становительные методы превращают IVa в изофлаван (VII) и 4-[1-(1,4-дигидро)-пиридил]- 
изофлаван (VIII); в то время как в щелочных средах он может быть превращен в изофлав- 
3-ен (II).

Новый аномальный рацемат
Л . T E K E , М. A 4 ,  Э. Ф О ГА Ш И , Ф . Ф Е Й Г , Ш . ГА Л  и Я . СТАТИС

В ходе исследований разделения биологически активного рацемата 6-фенил-2,3,5,6 
тетрагидро-имидазо[2,1-ь]тиазола наблюдались необычные расхождения как  в твердом 
состоянии, так и в растворе между свойствами рацемата (или чистого антипода) и рацема
та с составом антиподов 3 : 1 .

Было найдено, что при таком соотношении антиподов образуется относительно ста
бильный молекулярный комплекс, названный аномальным рацематом.



Ароматизация кольца А в 3/?-асетокси-5а-холестан-6-оне
М. С. А ЗМ А Д  и Н. 3 . Х А Н

Заглавное соединение (1) при кипячении его с Вг2—НВг в смеси эфир-уксусная 
кислота претерпевает перегруппировку, давая 1-метил-19-норхолеста-1,3,5(10)-триен-6-он
(2), вместе с двумя другими изолируемыми соединениями (3) и (4). Идентифицирование этих 
соединений было произведено на основе их спектральных свойств и сравнением со стан
дартными образцами известного строения. Приводится возможный механизм превра
щения (1) — (2).

Исследование гелей поливинилового спирта с водородными связями,

Исследование растворимости
Й. Д Ь Ё Р Д И  Э Д Е Л Е Н И , М. Н А Д Ь  и Й . Б О Г Н А Р

Термически нестабильные гидрогели поливинилового спирта с различной структурой 
были приготовлены, используя диоксан в качестве высадителя, который был заменен на 
воду после того, как произошло гелеобразование. Измерения растворимости производились 
при температурах между 298 — 353°К. Расчеты, основанные на экспериментальных ре
зультатах позволяют различать два типа точек прилипания в гелях с различными энер
гиями.

Исходя из изменений в структуре геля за счет постепенного разрыва точек прилипа
ния с помощью замены воды на смеси н-пропанола с водой, могут быть получены дополни
тельные сведения. Увеличивая концентрацию //-пропанола, увеличивается растворимость 
геля и различия между двумя характерными энергиями уменьшаются. Эти заключения под
тверждаются результатами термомеханических измерений.

Получение гомогенных тензидов
П. С А Л Л А И , Й. М О РГО Ш , Л . Ф А РК А Ш , И . Р У С Н А К  и Б . Б А РТ А

Были получены шесть первых членов гомологического ряда эфира додецилового 
спирта с полигликолем с газовохроматографической чистотой. Было установлено, что с 
помощью синтеза Виллиамсона желаемые соединения получаются с лучшим выходом и 
чистотой, чем исходя изтозилового эфира додецилового спирта. Для синтеза использовался 
полиэтиленгликоль с максимальным числом гликольных единиц, равным трем.

Замечания к механизму перегруппировки производных 2’- 
гидроксициклопентанонов, приводящей к З’-гидроксианалогам

Стереоконтролируемый синтез простагаландин синтонов
Л . Н О В А К , Й. Р О Х А И , М. К А Й Т А Р  и Ч . САНТАИ

Описываются простые и эффективные пути приготовления 3’(/?)-гидроксицикпо- 
пентанонов, являющихся промежуточными продуктами в синтезе простагландинов Е, и Е,. 
Также обсуждается механизм перегруппировки 2’-гидроксициклопентанонов, приводя
щей к его З’-гидроксианалогам.
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X-RAY AND ELECTRON MICROSCOPIC STUDIES ON 
CALCIUM-COPPER HYDROXYLAPATITES

P . N. P a t e l  and S. V . C h ir a n j e e v i  R ao

(P o s t-G r a d u a te  D e p a r tm e n t  o f  C h e m is t r y ,  G . M .  C o llege, S a m b a lp u r ,  I n d i a )
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The la ttice  constants o f calcium -copper hydroxylapatites were found to  decrease  
w ith  increasing copper content o f  the sam ples, resulting from the contraction o f  the  
un it cell volum e. The contraction in  crystal dim ensions could be observed in  the electron  
m icroscopic patterns of the sam ples. The introduction  o f Cu3+ into calcium  h yd roxyl-  
apatite, Ca10(PO4)6(OH)2, results in  the form ation o f solid solutions.

Calcium  h y d ro x y la p a tite , (C aH A ), C a10(PO 4)6(O H )2, th e  m a jo r  in o rg an ic  
c o n s titu e n t of th e  h u m an  sk e le ta l sy s te m  [1], belongs to  an iso m o rp h o u s series 
o f  com pounds kn o w n  as a p a tite s . I t  fo rm s solid so lu tions w ith  iso m o rp h ic  
co p p e r h y d ro x y la p a tite , (C uH A ), C u10(PO 4)6(O H )3, due to  th e  closeness o f  th e  
ionic ra d ii o f Ca2+ (0.99 Á) an d  C u2+ (0.72 A) [2]. T he Ca2+ — C u2+ re p la c e 
m e n t in  C aH A  is o f  ex trem e b io log ica l sign ificance  as i t  exp la ins th e  m ech an ism  
o f in c o rp o ra tio n  o f  copper in to  th e  h u m a n  sk e le ta l sy stem  acco rd in g  to  th e  
fo llow ing  eq u a tio n :

Ca10(PO 4)6(O H )2 +  n.Cu2+ -*  C a10_ nCu,,(PO4)6(O H )2 +  nC a2 +

As p a r t  of th e  physico-chem ical s tu d ie s  on ca lc ium -copper h y d ro x y la p a tite s , 
th e  p re se n t com m unica tion  deals w ith  X -ra y  an d  electron-m icroscop ic  s tu d ie s .

E x p erim en ta l

The details o f  preparation and identification  o f CaHA, CuHA and Ca— CuHA in the  
form o f solid solutions were reported earlier [3]. The X -ray diffraction pattern of powdered  
sam ples were obtained w ith a NORELCO powder diffractom eter em ploying N i-F iltered Cu K a 
radiation w ith a graphite m onochrom ator. Sharp peaks separated by less than 0.1 degree 
(2 0 )  can be resolved w ith a 0.006 inch entrance slit at a scan rate o f 1 degree (2 0 )  per m inute  
using a tube voltage o f 50 kV and a current o f 20 mA. The com position and u n it cell d im en
sions of calcium -copper hydroxylapatites and their solid solutions are given in Table I.

1 Acta Chim. Acad. Sei. Hung. 102, 1979
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T ab le  I

C o m p o s i t io n  a n d  u n i t  cell d im e n s io n s  o f  c a lc iu m -c o p p e r  h y d r o x y la p a t i te s  
a n d  th e ir  s o lid  s o lu t io n s

Sample
No.

Wt%
Molecular formula

Atom ratio
( са + с ц )

Lattice
parameter Unit

cell
volumeCa Cu P a C

l 39.80 — 18.61 Ca10(PO4)e(OH)2 1.68 9.37 6.88 523.1
2 27.39 16.06 17.41 Ca7.3Cu2.7(P 04)e(OH)2 1.67 9.26 6.81 505.7
3 21.48 23.66 16.89 Ca5.9Cu4.1(P 04)6(0 II)2 1.67 9.14 6.74 487.6
4 14.76 32.30 16.30 Ca4.2Cu5.8(P 04)e(0 H )2 1.67 9.03 6.68 471.7
5 6.02 43.52 15.53 Ca1.8Cu8.2(P 04)6(0 H )2 1.67 8.92 6.60 454.8
6 — 51.25 15.00 Cu10(PO4)6(OH)2 1.67 8.83 6.53 440.9

The inherent error in  the lattice parameter is  ± 0 .0 1  Á

Results and D iscussion

T h e resu lts  o f  ch em ica l analyses o f th e  sam p le  o b ta in ed  b y  ap p ly in g  a 
m e th o d  specially  w o rk ed  o u t for th is  p u rp o se  [4] are  g iven in  T ab le  I . B ased  
on th e  fa c t th a t  1 m ol o f  th e  sam ple has a to ta l  o f  10 g a tom s o f calcium  a n d /o r 
co p p er, th e  m o lecu la r fo rm u lae  of th e  sam p les  w ere  ca lcu la ted  from  th e  re su lts

Ca Cu
o f co lum ns 2—3 an d  in c lu d e d  in  colum n 5 o f  T ab le  I .  T he a to m  r a t io , ---------------

p e r  m ol o f  sam ple  w as ~  1.68 (th eo re tica l 1 .67). T h e  m o la r vo lum e o f th e  end  
m em b ers  and  th o se  o f  th e  in te rm e d ia te  sam p les , w h ich  lie w ith in  th e  ran g e  o f  
en d  m em bers, in d ic a te  th e  fo rm atio n  of hom ogeneous solid so lu tions [5]. T he 
h o m o g en ity  an d  c ry s ta le in i ty  of th e  sam p les  w ere fu r th e r  confirm ed  b y  th e  
la t t ic e  p a ra m e te rs  o f  th e  sam ples. I t  is a w e ll-e s tab lish ed  fac t th a t  all th e  m em 
b ers  o f  th e  a p a tite  fa m ily  ex h ib it a h ex ag o n a l c ry s ta l  s tru c tu re  belong ing  to  
th e  h ex ag o n a l b ip y ra m id a l class 6/m (spaces g roup  C6j/J  [6]. The la ttic e  p a ra m 
e te rs  show  u n it  cell c o n tra c tio n  co n seq u en t u p o n  th e  in tro d u c tio n  o f th e  
sm alle r Cu2+ ion (0.72 Á ) in  th e  a p a tite  la t t ic e .  T h e  decrease in  c ry s ta l d im e n 
sions cou ld  also be  o b se rv ed  in  th e  e lec tro n -m icro sco p ic  p a tte rn s  o f  a re p re 
s e n ta tiv e  se t of sam ples.

*

T he authors are grateful to  Prof. G. F e r r a r is , U n iversity  o f Torino, I ta ly , for the  
technical assistance provided w ith  the X-ray diffraction spectra, to Prof. Dr. R. B . Co n d r a t e , 
A ssociate Professor, N ew  Y ork  State College o f Ceram ics, Alfred U niversity, U .S .A ., for the  
Electron-m icrographs and to  the U niversity Grants Com m ission for a research grant.
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It was found that small am ount of CF3COOH or N aN 3 can be ex tra cted  into  
nitrobenzene w hen a m oderate am ount of 1,10 phenanthroline chelate cation  w as pres
ent in the aqueous phase. The absorbance o f  the extract at Amax was found to  be 
proportional to the CF3COOH (518 nm ) respectively  to the N aN 3 (516 nm ) concentra
tion in the aqueous phase. To obtain optim um  conditions for the determ inations, various 
factors were studied: the pH ’s of the so lution , the effect o f the concentration o f  1,10- 
(phenanthrolin)iron(II) chelate and buffer so lution , the shaking tim e, the stab ility  
of the color, the presence of the diverse ions. T he chem ical formulae of the extracted  
outer-sphere com plexes were found to be: F e(phen)3(CF3COO)2 and F e(p hen)3(N 3)2.

Several m e th o d s  h av e  been re p o rte d  fo r  th e  co lorim etric  d e te rm in a tio n  
o f inorgan ic  azides [1— 4], b u t  m ost o f th e m  re q u ire  p re lim in ary  t r e a tm e n t  and  
d is tilla tio n  o f th e  sam ple . T here  are  no d a ta  av a ilab le  ab o u t th e  co lo rim e tric  
d e te rm in a tio n  o f  sm all am o u n ts  o f tr if lu o ro a c e tic  acid.

In  th e  course o f  o u r in v es tig a tio n s  on o u te r-sp h e re  com plexes i t  h a s  been  
observed  th a t  i f  a considerab le  excess o f  tr is ( l ,IO -p h e n a n th ro lin e ) iro n (II)  
ch e la te  is ad d ed  to  an  aqueous so lu tio n  c o n ta in in g  a sm all am o u n t o f  t r if lu o ro 
ace tic  acid  or in o rg an ic  azides, tr is ( l,1 0 -p h e n a n th ro lin e )iro n (II)  tr if lu o ro a c e - 
ta te  or tr is ( l ,1 0 -p h e n a n th ro lin e )iro n (II)a z id e  can  be e x trac ted  in to  n i t ro 
benzene. The ab so rb an ce  o f th e  o rgan ic  la y e r  is p ro p o rtio n a l to  th e  a m o u n t 
o f tr if lu o ro ace tic  ac id  or azide p re se n t in  th e  aq u eo u s phase. So, b y  m easu rin g  
th e  abso rbance  o f th e  organ ic  phase  i t  w as possib le  to  de term ine  sm all a m o u n ts  
o f  trif lu o ro ace tic  acid  or inorgan ic  azides.

E xperim en ta l

A 0.01 M  solution  o f tris(l,10-phenanthroline)iron(II) sulfate was prepared by d isso lv 
ing analytical grade iron(II) am m onium  sulfate and 1,10-phenanthroline in water conta in ing  
a few  drops of sulfuric acid. The trifluoroacetic acid so lu tion  was standardized against sodium  
hydroxide. N aN 3 o f analytical grade was used w ithou t further purification. N itrobenzene w as  
purified by d istillation  before the extraction .
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T h e spectrophotom etric m easurem ents were m ade on  a VSU Zeiss Iena m odel spectro
p h o to m eter . The pH  m easurem ents were performed using a Seibold pH  m eter. A  horizontal 
sh aker w a s used for the extraction .

A bsorption spectra
R esults and D iscussion

T h e  ab so rp tio n  s p e c tra  o f  th e  n itro b en zen e  p h ase  o b ta in ed  b y  th e  ab o v e  
p ro c e d u re  are  show n in  F ig s  1 an d  2. I t  c a n  b e  seen th a t  th e  p resen ce  of 
C FgC O O H  an d  N aN 3 in  th e  aq u eo u s phase le a d s  to  a considerab le in c rea se  in  
th e  a b so rb a n c e  of th e  o rg an ic  p h ase . The a b so rb an ce  m ax im a o f th e  e x tra c ts  
a re  a t  515— 518 nm .

F ig . 1. A bsorption spectra o f th e  nitrobenzene phase for th e  system  F e(phen)|+ — CF3COOH. 
Curve 1: [CF3COOH] =  4 x IO“ 4 M ,  [Fe(phen)§+] =  4 x 10~3 M , [KH,PO.,] =  0.05 M , 

pH  =  4.4, / =  1.0 cm ; Curve 2: reagent b lank, reference: nitrobenzene

Л (nm)

F ig . 2 . A bsorption spectra of th e  nitrobenzene phase for the system  F e(p h en )|+ — N a N 3. 
Curve 1; [N a N 3] =  1 x lO “ 3 M , [Fe(phen)|+] =  8 x lO “ 3 M ,  [K H 2P 0 4] =  0.06 M , p H  =  7.5, 

l  =  1.0 cm; Curve 2: reagent blank; Curve 3: nitrobenzene, reference: air
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Effect of the pH

The e x tra c tio n  o f trif lu o ro ace tic  acid w as p e rfo rm ed  a t  v a rio u s p H  values 
o f  th e  aqueous p h a se . Fig. 3 show s th a t  th e  deg ree  o f  e x tra c tio n  o f CF3CO O H  
is th e  h ighest a n d  rem ains c o n s ta n t in  th e  p H  ra n g e  o f 3— 5. In  m ore acid ic 
so lu tions (pH  <7 2 .5) th e  ab so rb an ce  tre n d s  to  decrease  p resu m ab ly  because  
o f  th e  d ecom position  o f th e  p h e n a n th ro lin e  i ro n ( I I )  com plex . In  m ore a lk a lin e  
so lu tions (pH  ]>  7) th e  ab so rb an ce  increases b y  a b o u t 15% . T herefo re , we 
ap p lied  a b o ra x  b u ffe r  (pH  =  9 .5), b u t  th e  re p ro d u c ib iliy  o f th e  re su lts  w as 
poo r. The effect o f  p H  on th e  sy s tem  F e (p h e n )3— N a N 3 is show n in  F ig . 4. 
T h e  degree o f e x tra c tio n  is a b o u t th e  sam e in  th e  p H  ran g e  o f 7— 9.

Effect of tris(l,10-phenanthroline)iron(II) concentration

The ab so rb an ce  o f th e  n itro b en zen e  p h a se  in  th e  presence o f  CF3CO O H  
is c o n s ta n t a t  c h e la te  co n cen tra tio n s  above 2 x  10 ~ 3M . A t le a s t a  8 to  10-fold 
excess of th e  p h e n a n th ro lin e  c h e la te  over tr if lu o ro a c e tic  acid  is n ecessary  to

A

Q6

0.4 

Q2

Fig. 3. E ffect o f p H  on  the extraction for the system  F e(p h en )|+CF3COOH. [CFjCOOH] =  
=  2.5 xlO-4 Af, [F e (p h e n |f ] =  3 x l0 _a Af, [K H jP 0 4] =  0.05 Af, reference: reagent blank

3.0 5.0 7.0
pH

F ig. 4. Effect of p H  on  th e  extraction for the system  F e(phen)3+N a N 3. [N aN 3] =  1 X 10 3 Af 
[F e(phen)|+] =  8 X 10-3 Af, [K II2P 0 4] =  0.05 Af, reference: reagent blank
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o b ta in  q u a n ti ta t iv e  reco v eries . T he ch e la te  c o n cen tra tio n  w as k e p t  a t  3 X 
X 1 0 ~ SM  to  s tu d y  th e  F e (p h e n )3 +— C F3C O O H  system . F ig . 5 show s th e  effect 
o f  c h e la te  co n cen tra tio n  on th e  e x tra c tio n  o f N aN 3. T h e  iron  ch e la te  sh o u ld  be 
m a in ta in e d  a t  a 6-fold or h ig h e r  excess over th e  azide.

E ffect o f  shaking time

S h a k in g  tim e for th e  e x tra c tio n  o f  C F3COOH v a ried  from  0.5 m in  to  
30 m in . I t  appears t h a t  a 1 -m in u te  sh ak in g  is enough  to  ach ieve com plete  
e x tra c t io n . T he abso rbance  o f  th e  n itro b en zen e  phase  in  th e  p resence  o f  N aN 3 
w as m easu red  as a fu n c tio n  o f  sh ak in g  tim e  from  1 to  70 m in . A fte r  10-m in

[M] x-io3

F ig . 5. E ffect of the tris(phenanthroline)iron(II) concentration on the ex traction  o f  N aN 3 
[N aN 3] =  8 X 1 0 - 4 M , [K H 2P 0 4] =  0.02 M , pH  =  7.0

sh a k in g  th e  resu lts are re p ro d u c ib le  b u t  th e  degree o f e x tra c tio n  is a l i t t l e  low er 
t h a n  t h a t  a f te r  a 1-hr sh ak in g . I n  th is  case, how ever, th e  se p a ra tio n  o f  th e  tw o 
la y e rs  m u s t be perfo rm ed  b y  c e n tr ifu g a tio n .

E ffect o f  buffer concentration

A queous F e(p h en )3 +— C F 3CO O H  so lu tions bu ffe red  a t  p H  4 .4  w ith  a 
p h o s p h a te  buffer rem a in ed  u n c h an g ed  w ith in  th e  c o n c e n tra tio n  ra n g e  of 
0 .0 4 — 0.2 M .  In  a series c o n ta in in g  8 X 10 ~ 3M  F e (p h en )3+ an d  l x  1 0 ~ 3M  N aN 3 
( a t  p H  =  7) th e  v a r ia tio n  o f  p h o sp h a te  b u ffe r  w ith in  th e  lim its  0 .02— 0.25 M  
d id  n o t  a ffec t th e  degree o f  e x tra c tio n .

Stability o f colour

T h e  absorbance  o f th e  e x tra c ts  w as m easu red  as a fu n c tio n  o f  tim e . 
T h e  co lo u r of th e  tw o  e x tra c ts  w as v e ry  s tab le  and  d id  n o t change o v e r 24 hrs 
fo r  F e (p h e n )3+— CF3C O O H  a n d  48 h rs for F e (p h en )3+— N aN 3.
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Reproducibility and precision

T he rep ro d u c ib ility  o f th e  m e th o d s  p roposed  w as e s tim a te d  considering 
th e  re su lts  o f n sam ple  so lu tions fo r  th e  tw o  system s. T he m ean  v a lu e  o f the  
ab so rb an ce  o f each  e x tra c t an d  th e  s ta n d a rd  d ev ia tio n s are g iv en  in  T ab le  I. 
I t  is obvious th a t  th e  re p ro d u c ib ility  o f  th e  sy stem  F e (p h en )3 +— C F 3COOH is 
m uch  b e tte r  th a n  th a t  of th e  F e (p h e n )3 +— N a N 3 system .

Table I

M ean absorbances and standard deviations

Fe(phen)! + - C F sCOOH Fe(phen)! + — NaN,

n A <T n A СГ

10 0.386 0.005 9 0.202 0.007

Anion interferences

A series o f an ions w ere checked  fo r possib le in te rfe re n ce  b y  adding 
N H ,F , NaCl, C H 3CO O H , N a2S 0 4 an d  N a N 0 3 to  a so lu tion  c o n ta in in g  2.5 X 
X 10~4M  C F3COOH. The so lu tio n  o b ta in ed  w as n o rm ally  e x tra c te d . T h e  resu lts 
a re  given in  T ab le  I I .

Table II

Determination o f C F fiO O H  in the presence o f different ions 
(CFjCOOH concentration 2.5 X 10-4  M )

Added salt
Concentration

(mol/dm*)
CFjCOOlI

(found)
(%)

n h 4f 1 .4 X 1 0 -3 100

1.22 x  1 0 ~ 2 101

CHaCOOH 2.5 x  10-3 99

2 .2 X 1 0 - 2 100

Na2S 0 4 2.5 X 10-3 100

2 .5 X 1 0 - 2 99

NaCl 2 .5 X 1 0 -3 102

N a N 0 3 1 x  i o - 4 103

Sulfide ions in te rfe re  in  a lm o s t ev e ry  m eth o d  o f azide d e te rm in a tio n  
[1— 4]. U n fo rtu n a te ly , su lfide also in te rfe re s  in  th e  p re sen t m e th o d . T h e  o rg an 
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ic la y e r  tu rn e d  b lack  a n d  in  a b o u t 15 m in iro n  su lfid e  p re c ip ita te d . T he ra te  
o f  r e a c tio n  betw een tr is ( l,1 0 -p h e n a n th ro lin e )- iro n (I I )  a n d  sulfide ion  s tro n g ly  
d e p e n d s  on th e  p H . A t p H  =  7 w hen  H S~ ions p re d o m in a te , th e  ab so rb an ce  
o f  t h e  so lu tio n  p ra c tic a lly  re m a in e s  co n stan t fo r m o re  th a n  tw o  hours. T his 
f a c t  show s th a t  only S2_ e n te rs  th e  inner c o o rd in a tio n  sp h ere  of tr is - ( l,1 0 -  
p h e n a n th ro lin e ) iro n (II)  g iv in g  th e  fina l b lack  p re c ip ita te .

R ecom m ended procedure for th e  determination o f CF3COOH

M ix 15 .00m l of tr is ( l ,1 0 -p h e n a n th ro lin e ) iro n (I I )  su lfa te  so lu tion  ( l x  
X lO -2  Af), 5.00 ml p h o s p h a te  b u ffe r so lu tion  (0.5 Af) an d  0.4— 4.0 m l tr i-  

f lu o ro a c e tic  acid so lu tion  (5 .0  X 1 0 ~ 3 M ).  D ilu te  th e  re su ltin g  so lu tion  to  50.00 
m l w ith  doub ly  d istilled  w a te r  an d  ad ju st th e  p H  4 .4 . E x tra c t  a 25.00 m l 
a l iq u o t  w ith  10.00 m l n itro b e n z e n e  for 5 m in. A fte r  30 m in , tra s fe r  th e  organic 
la y e r  to  a  flask  co n ta in in g  1 g o f  anhydrous so d iu m  su lfa te  a n d  shake i t  v ig o r
o u s ly  u n t i l  th e  so lu tion  b eco m es tra n sp a re n t. M easure  th e  abso rbance  a t  518 
n m  u s in g  a reagen t b la n k  so lu tio n  as reference. B e e r’s law  is obeyed  in  th e  
ra n g e  o f  3 x l O -5—4 x l 0 -4  M  tr if lu o ro ace tic  ac id .

Fe (phen)3

F ig . 6. Composition o f th e  ex tra cted  species Fe(phen)3(CF3COO)2 • [CF3COOH] +  
+  [F e(phenl3] =  2 x 1 0  3 M , A =  490, 518 and 540 nm
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Recom m ended procedure for the determ ination of sodium azide

M ix 20.00 m l o f  tr is ( l,1 0 -p h e n a n th ro lin e )iro n (II)  su lfa te  so lu tio n  (1.0 X 
X 1 0 ~2 M ) ,  2.5 m l p h o sp h a te  b u ffe r  (0.5 M  K H 2P 0 4, p H  =  7) an d  0 .25— 2.00 
m l sod ium  azide so lu tion  ( l .O x lO -2  M ) .  D ilu te  th e  re su ltin g  so lu tio n  to  25.00 
m l. E x tra c t  an a liq u o t o f  20.00 m l w ith  15.00 m l n itro b en zen e  fo r 1 h r . A fte r 
1 5 —20 m in cen trifu g e  th e  so lu tion  a n d  ru n  o ff th e  organic la y e r  in to  a te s t  
tu b e . A dd 1 g o f  an h y d ro u s  sod ium  su lfa te  an d  shake i t  v ig o ro u sly  to  rem ove  
th e  trace s  of w a te r . M easure th e  a b so rb a n c e  o f th e  so lu tio n  a t  516 n m  in  a 
3 cm  cell using a re a g e n t b lan k  as a  re fe ren ce . B eer’s law  is obeyed  in  th e  ran g e  
o f  2 X 10~4— 7 X 1 0 ~ 4 M  N aN 3 in th e  aq u eo u s phase.

Composition of the extracted species

T he com position  o f th e  e x tra c te d  species fo r th e  tw o  sy stem s w as fo u n d  
to  be 1 : 2 accord ing  to  th e  c o n tin u o u s  v a r ia tio n  m ethod  (F igs 6 a n d  7). T his 
suggests  th a t  th e  chem ical fo rm ula  o f  th e  e x tra c te d  species can  be  re p re se n te d  
as F e (p h en )3(CF3COO)2 and  F e (p h e n )3(N 3)2. R a o  and  S a r m a  [5] p ro p o sed  
a n o th e r  m echan ism  fo r th e  1 ,1 0 -p h en an th ro lin e  azide com plex : f i r s t  fe rro in

I----------------- 1--------------------1_______ I ____I____________ I____________ I

10 8 6 4 2 0
Fe ( phen)**

Fig. 7. Composition o f the extracted sp ecies Fe(phen)3(N 3)j • [N aN 3] - f  [F e(p h en )|+] =
=  0.83 X lO “ 2 M , pH  =  7.0
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fo rm s  th e  o u te r-sp h ere  co m p lex  Fe(pheii)3(N 3)2 a n d  e x tra c ts  in to  n itro b en zen e . 
T h e n  th e  tw o azide ions e n te r  th e  inner c o o rd in a tio n  sphere  o f ferro in , d isp la 
c in g  one o -p h en an th ro lin e  m olecule and  th e  f in a l e x tra c tin g  species rem ains 
F e (p h e n )2(N 3)2. T he p ro p o se d  m echanism , h o w ev er, is in  c o n tra s t w ith  all th e  
o th e r  sim ilar sy stem s, v iz .  F e (p h en )3(SCN)2 [6], F e (p h e n )3(C104)2 [7], 
F e (p h e n )3(C6H 50 ) 2 [8] a n d  F e (p h en )3(CCl3c 6 o ) 2 [9].

The authors are indebted to Professor M. T. B e c k , L. Kossuth University Debrecen 
for stimulating discussions.
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The liquid-liquid partition of Fe(phen)3(CF3COO)2 and Fe(phen)3(CCl3COO)2 
in nitrobenzene, as a function of ligand concentration was studied. Taking into consider
ation that only the neutral outer-sphere complex was extracted the ratio o f the total 
concentration of the metal ion species, as well as the ratio of the outer-sphere complex 
concentrations in the two phases was foudn. The estimated outer-sphere stability  
constants are k x —  1.1 X 102; fc2 =  8 x  10 for Fe(phen)3(CF3COO)2 and k x =  4.2 x  103; 
fe2 =  4.3 X 102 for Fe(phen)3(CCl3COO)2. Having in mind the present study, as well 
as the other results the following order for the outer-sphere association of Fe(phen)3 + 
could be given:

c c i3c o o -  >  CF3COO- >  c h 3c o o - .

T he an a ly tic a l ap p lica tio n  o f  F e (p h en )3(C F3COO)2 an d  F e (p h e n )3 • 
• (CCl3COO)2 b ased  on o u te r-sp h e re  c o o rd in a tio n  to  tr is ( l ,1 0 -p h e n a n th ro -  
lin e )iro n (II)  has been described  [1, 2]. T he d e te rm in a tio n  o f o u te r-sp h e re  
s ta b ili ty  c o n s ta n ts  o f F e (p h en )3+ w ith  CCl3C O O _ and  C F3COO~ in  w a te r  
s a tu ra te d  w ith  n itro b en zen e  is o f  ce rta in  im p o rtan ce  for so lv en t e x tra c tio n  
processes.

E xperim en ta l

P r e p a r a t i o n  a n d  s t a n d a r d i z a t i o n  o f  th e  s o lu t io n s

A 0.01 M  solution of tris(l,10-phenanthroline)iron(II) sulfate was prepared by dissolv
ing analytical grade iron(II) ammonium sulfate and 1,10-phenanthroJine in water containing 
a few drops of sulfuric acid. Trifluoroacetic acid and trichloroacetic acid solutions were standard
ized against sodium hydroxide. Nitrobenzene was purified by distillation and saturated with 
bidistilled water before use.

A p p a r a t u s

The spectrophotometric measurements were performed on a YSU Zeiss Jena model 
and CF-4A spectrophotometers, using 1 cm glass cells. The pH ’s were measured with a Seibold 
pH meter. A horizontal shaker was used for the extraction.

A constant ionic strength in the aqueous phase was maintained with KII2P 0 4. For the 
system Fe(phen)3—CF3COO~, I  =  0.2 and for Fe(phen)3—CCl3COO- , I  =  0.15.
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P r o c e d u r e  f o r  L i q u i d - L i q u i d  P a r t i t i o n  o f  T r i s ( l , 1 0 - P h e n a n t h r o l i n e ) i r o n ( I I )  
i n  t h e  P r e s e n c e  o f  T r i f l u o r o a c e t i c  A c i d

In a 50.00 ml volum etric flask suitable amounts of l,10-phenanthroline-iron(II), tri
fluoroacetic acid and K H 2P 0 4 at /  =  0.2 were mixed [1]. The pH was adjusted 5.0. A 25.00 
ml aliquot was extracted w ith 10.00 ml nitrobenzene for 5 min. After 30 min, the organic layer 
was transferred to a flask containing 1 g anhydrous sodium sulfate. The solution was vigorously 
shaken until transparent. The absorbance of the organic layer was measured at 518 nm using 
a reagent blank solution as reference.

P r o c e d u r e  f o r  L i q u i d - L i q u i d  P a r t i t i o n  o f  T r i s ( \ , \ Q - p h e n a n t h r o l i n e ) i r o n ( I I )  
i n  t h e  P r e s e n c e  o f  T r i c h l o r o a c e t i c  A c i d

In a 50.00 ml volum etric flask suitable amounts of ferroin, trichloroacetic acid and 
K H 2P 0 4 were mixed at I  —  0.15 and pH =  4.0 [2]. An aliquot of 20.00 ml was extracted with 
10.00 ml nitrobenzene for 5 min. After 30 min the organic layer was transferred to a flask 
containing 1 g anhydrous sodium sulfate and it was shaken vigorously. The absorbance of the 
organic layer was measured at 515 nm using a reagent blank solution as reference. The extrac
tion procedure was performed in the dark, because the intensity of the colour decreases rapidly 
in sunlight.

D e t e r m i n a t i o n  o f  th e  M o l a r  A b s o r p t i v i t y  o f  F e ( p h e n ) 3( C F 3C O O ) t  i n  N i t r o b e n z e n e

25.00 ml of a solution containing 4 X 10_s— 8 X 10~s M  Fe(phen)|+ and CF3COOH 
in excess (4 x  10-3 —38 X 10 -3 M )  at I  =  0.2 (K H 2P 0 4) and pH = 5 .0 ,  was extracted with 
nitrobenzene and the absorbance of the organic iayer was measured. The aqueous phase was 
treated in a silica bowl w ith concentrated H N 0 3 and H2S 0 4 [3]. The total iron concentration 
was determined in the aqueous phase left after the extraction [4]. The results of 20 analyses 
were treated statistically and the 95% confidence interval o f the molar absorptivity was found 
to  be (12.30 ±  0.06) x  10s.

D e t e r m i n a t i o n  o f  th e  M o l a r  A b s o r p t i v i t y  o f  F e ( p h e n )  3( C C l 3C O O ) 2 i n  N i t r o b e n z e n e

Exhaustive extractions were performed in the following way. Series of solutions were 
prepared containing different amounts of ferroin (5 X 10~5—10 X 10_í M )  and a large excess 
of CCl3COOH (2 x  1 0 -3 M ) at I  =  0.15 (KH2P 0 4) and pH =  5.0. An aliquot of 10.00 ml 
was extracted with 10.00 ml nitrobenzene. The layers were allowed to separate and the organic 
layer was transferred to a 25.00 ml volumetric flask. The extraction procedure was repeated 
w ith the aqueous layer. The organic extracts were combined and diluted in a 25.00 ml volum et
ric flask with nitrobenzene. The absorbance was measured against a reagent blank solution for 
every ferroin concentration. Taking into account the dilution factor, the molar absorptivity 
of outer-sphere complex was calculated. For a set of six observation the 95% confidence inter
val o f the molar absorptivity was found [5] to be (8.13 +  0.08) X 103.

R esults and  D iscussion

T h e  fo rm atio n  o f  th e  ou ter-sphere  co m p lex  can  be rep resen ted  b y  re a c 
tio n s :

F e (p h e n )3 + -)- X -  F e (p h e n )3 X + (1)

F e (p h e n )3X + -f- X -  F e (p h en )3X 2 (2)

w h ere  X -  is CCl3COO~ or C F 3C O O ~.

W ith  th e  m o la r a b s o rp tiv ity  o f th e  n e u tra l  o u te r-sp h ere  com plex  and  
th e  ab so rb an ce  o f th e  o rg an ic  phase a t  a g iv en  lig an d  co n cen tra tio n , th e  ra tio
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of th e  to ta l  c o n c e n tra tio n s  of th e  m e ta l species in  th e  tw o phases  can  be ex
p ressed  as (F igs 1 a n d  2):

___________ [Mxdorg__________  _  ^2Ä [ X ~ ] aq /^\
_  [M X 2]aq +  [M X ]aq +  [M ]aq "  J .  ßi [ x ] ,aq

0
M is F e (p h en )3 + a n d  ß2 =  K 1~ K 2, w ere

K  _  [F e (p h en )3 X  + ] R  =  [F e)p h en )3 X 2]
1 [Fe(phen)Í+] [ X - ]  ’ 2 [F e (p h en )3X + ][X -]

Д _ [MX2]org
2 “  [M X 2] aq •

I f  K j and  K 2 a re  in se r te d  in to  E q. (3), a f te r  som e rea rran g em en t th e  follow ing 
expression  can be  o b ta in e d :

1 [ X - ] j = +
1

Ä X 1 '
(4)

F ig . F  q  as a function of ligand concentration for the system Fe(phen)3—CF3COO~;
[Fe(phen)3] =  7 X 10-6  M

Tx »103

Fig. 2 . q as a function of the ligand concentration for the system Fe(phen)3—CCl3COO—;
[Fe(phen)3] =  8 X 10~6 M
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T he v a lu e  o f  X -  to  a good a p p ro x im a tio n  is e q u a l to  th e  to ta l  X  c o n c e n tra tio n
(T x ^  T M).

1 +
1

ßz T x
(5)

A2 is o b ta in e d  from  th e  h o riz o n ta l p a r t  of th e  c u rv e  (F igs 1 and  2). In  F ig s  3 
a n d  4 , th e  le f t-h a n d  side o f E q . (5) is show n as a  fu n c tio n  o f th e  to ta l  lig a n d  
c o n c e n tra t io n . T ab le  I  sum m arizes th e  re su lts  o b ta in e d  for b o th  sy stem s.

I t  is n o te w o rth y  th a t  th e  e x tra c tio n  m e a su re m e n ts  d id  n o t show  ev id en ce  
for o u te r -s p h e re  com plex fo rm a tio n  betw een  tr is ( l ,1 0 -p h e n a n th ro lin e )iro n (I I )  
a n d  H 2P O ^  ions, th e  reason  o f  w h ich  is n o t c lea r as y e t. This w as show n  b y  
e x p e r im e n ts  [1] on th e  effect o f  p h o sp h a te  b u ffe r  on th e  e x tra c tio n  o f  tr i-  
f lu o ro a c e tic  acid . I t  w as fo u n d  th a t  th e  v a r ia tio n  o f p h o sp h a te  bu ffer b e tw e e n
0.02 a n d  0.25 M  d id  n o t a ffec t th e  degree o f e x tra c tio n .

D ev e lo p in g  an  e x tra c tio n  p ro ced u re  fo r trich lo ro ace tic  acid Y a m a m o t o , 
K u m a m u r u  an d  U e m u r a  [2] fo u n d  th a t  so lu tio n s buffered  a t  p H  =  4 w ith  
p h o s p h a te  gave c o n s ta n t re su lts  o v er th e  c o n c e n tra tio n  range  o f 0.04— 0.16 M .  
In  th e  d e te rm in a tio n  of p e rc h lo ra te  ions b y  so lv e n t e x tra c tio n  w ith  1 ,10 -phen -

F ig . 3. (Я2/д — ] )T X as a fu n ctio n  o f 1 )T x  for the system  Fe(phen)3—CCl3COO ;
[F e(phen)3] =  8 X 10—5 M

F ig . 4. (A2 / 5  — 1 )T X as a fun ction  of 1 /T x  for the system  Fe(phen)3—CF3COO ;
[Fe(phen)3] =  7 x 1 0 ~5 M
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Table I

Stability constants and other data fo r  the outer-sphere complexes F e(ph en )3X 2

Outer-sphere A Molar
к ,complex (nm) absorptivity

F  e(phen)3(CF3COO)2 518 12.30 x lO 3 1.1 X lO 2 8 X 1 0

Fe(phen)3(CCl3COO)2 516 8.11 X lO 3 4.2 x lO 2 4.3 X lO 2

a n th ro lin e - iro n (II) , i t  was found  [6] th a t  even  considerable a m o u n ts  o f p h o s
p h a te  ions d id  n o t  in te rfe re . P h o sp h a te  ions do n o t in te rfe re  in  th e  se lec tiv e  ex 
tr a c t io n  o f h ex aflu o ro a rsen a te  [7] or h ex aflu o ro p lio sp h a te  [8] w ith  fe rro in .

T h e  resu lts  o f  th is  w ork show  th a t  ou te r-sp h ere  com plex  fo rm a tio n  of 
F e (p h e n )3 + is th e  s tro n g est w ith  la rg e  an io n s, sim ilary  to  o th e r  o u te r-sp h e re  
co m p lex  ca tio n s, e.g. C o(N H 3)j] + , C O (en)3 + , C o(dip)3 + , C o(phen)3+ [9, 10, 11, 
12]. C onsidering th is  an d  th e  re su lts  in  T ab le  I ,  we can w rite  th e  fo llow ing  o rd er 
fo r th e  o u te r-sp h e re  association  o f F e (p h e n ) | +

cci3c o o -  >  C F 3C O O - §> c h 3c o o -

T hese  resu lts  c an  h a rd ly  be ex p la in ed  b y  th e  e lec tro sta tic  a t t r a c t io n  betw een  
th e  in n er-sp h ere  com plex  and  th e  lig an d  o n ly . I t  is ev id en t t h a t  h y d ra tio n  an d  
so lv a tio n  o f th e  species m ay  p lay  a v e ry  im p o r ta n t  role too.

♦

The authors are indebted to Professor M. T . B e c k , L. K ossuth U n iversity , Debrecen, 
for stim ulating discussions on the outer-sphere com plexes.
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Debenzorutecarpine (5) was converted into dehydrodebenzoevodiamine hydro- 
iodide (6) with methyl iodide. When treated with ammonia compound 6 yielded the 
debenzoevodiaminic acid ammonium salt (7) through ring cleavage; while reduction 
produced debenzoevodiamine (11). The synthesis of 11  has also been realized by start
ing from 1,2,3,4-tetrahydro-l-oxo-/7-carboline (9) and A;-methyl-/3-alanine ethyl ester
(12 ). The intermediate in the synthesis, debenzoevodiaminic acid ethyl ester (1 3 ), w as 
prepared in the form of its hydrochloride. Compound 13  also yielded debenzoevodiamine 
(11) after cyclization and reduction. The structures of the compounds prepared have 
been confirmed by elemental analysis, ITV, 1R, ’H —NMR and MS spectroscopic data

In  o u r prev ious p a p e r  [1] th e  p re p a ra tio n  o f a new ru te c a rp in e  d e riv a 
tiv e , th e  so-called d eb en zo ru teca rp in e  (5) an d  red u c tio n  in v e s tig a tio n s  on its  
w ere described .

As a co n tin u a tio n  o f  th is  w ork, th e  sy n th es is  o f deb en zo ev o d iam in e  (11) 
w as to  be ach ieved . T he s tu d ies  w ere co n tin u ed  in  tw o d irec tio n s; (i) th e  con
v ersion  o f  d eb en zo ru teca rp in e  (5) in to  debenzoevod iam ine  (11), a n d  (ii) th e  
d ire c t syn th esis  o f debenzoevod iam ine  ( 11) w ere a tte m p te d .

M eth y la tio n  o f th e  N (14) n itro g en  o f  ru te c a rp in e  (1) w as d e sc rib e d  by  
N akasato et al. [2]: d eh y d ro ev o d iam in e  (2) w as fo rm ed  w ith  d im e th y l su lfa te  
in  benzene. T his co m p o u n d  is one o f th e  in te rm e d ia te s  in  th e  e v o d ia m in e  (4) 
sy n th es is  described  b y  P achter  et al. [3].

D eh y d ro ev o d iam in e  h y d ro ch lo rid e  (2) tra n sfo rm s  in to  re ts in in e  (3) u n d e r 
th e  effect o f bases; th e  l a t te r  can  be h y d ro g e n a te d  ca ta ly tica lly  to  o b ta in  evo
d iam ine  (4)

M eth y la tio n  o f d eb en zo ru teca rp in e  (5) could  be effected  in  sa tifa c to ry  
y ields w ith  a large excess o f  m e th y l iod ide in  n itro m etlian e . T h e  re a c tio n  
to o k  p lace  a t  room  te m p e ra tu re  and  d eb en zo ru teca rp in e  m e th y l io d id e  (6), 
also re fe rred  to  as d eh y d ro d eb en zo ev o d iam in e  hydro iod ide  (6), s e p a ra te d  from  
th e  reac tio n  m ix tu re  in  a c ry s ta llin e  s ta te .

* Part VIII; Acta Chim. Acad. Sei. Hung., 99, 43 (1979)
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m /e

F ig .  2

M ass sp ec tro m etric  in v e s tig a tio n  of c o m p o u n d  6 ind ica ted  th a t  th e  co r
re sp o n d in g  base (8) ( M + 2 5 3 , base  peak) an d  H I  w ere  form ed d u rin g  e v a p o ra 
t io n . T h e  m olecular ion  co rre sp o n d in g  to  th e  b a se  (8) h as  a s ign ifican t s ta b ili ty . 
O n  th e  basis of th e  s p e c tru m , d em eth y la tio n  ta k e s  p lace  to  a sligh t e x te n t  on ly  
{see p e a k  M-14 in  F ig . 2). T h e  subsequen t p a th  o f  f ra g m e n ta tio n  is s im ila r to  
t h a t  o f  d eh en zo ru teca rp in e  (5) [1], the  fo rm a tio n  o f th e  frag m en t io n  of 
169 m /e w ith  a te trah y d ro -/3 -ca rb o lin e  skeleton  is th e  m ost sign ifican t s te p  here  
to o .

I n  th e  IR  sp ec tru m  o f  6 , th e  carbonyl v ib ra t io n  o f th e  acy lam id inc  g roup  
s h if ts  fro m  1700 c m -1 o b se rv e d  in  5 to  1730 c m -1 , ow ing to  th e  p resence  o f  a 
p o s it iv e  charge due to  q u a te rn iz a tio n .
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In  th e  4 1 — N M R  sp ec tru m , th e  N +— C H 3 group  appears a t  d 4 ,12 as a 
sin g le t. The tr ip le t  s ig n a l o f  th e  m ethy lene  p ro to n s  o f  rings C and  D  in d ica te s  
th e  h igh  f lex ib ility  o f  th e se  rings and ra p id  in te rc o n v e rs io n  o f th e  conform ers.

D eh y d ro d eb en zo ev o d iam in e  h y d ro io d id e  (6) w as th e n  allow ed to  re a c t  
w ith  am m onia. S u rp ris in g ly  th e  expected  r in g  c leavage d id  n o t ta k e  p lace  an d  
no deb en zo re th sin in e  w as fo rm ed . The s t ru c tu ra l  in v es tig a tio n  o f th e  su b s ta n c e  
o b ta in e d  (7) has show n  th a t  in  th e  case o f  d eh y d ro d eb en zo ev o d iam in e  h y d ro 
iod ide  (6) th e  am id e  b o n d  o f th e  lac tam  rin g  w as sp lit an d , a f te r  re a rra n g e m e n t 
o f  th e  double b o n d , th e  am m onium  sa lt o f  d eb enzoevod iam in ic  acid  (7) w as 
fo rm ed .

In  acco rdance  w ith  th is , in  th e  IR  sp e c tru m  o f 7 th e  c h a ra c te ris tic  a b 
so rp tio n  o f th e  c a rb o x y la te  an ion  (1560 c m -1 ) ap p ea rs  and  can be e v a lu a te d  
su ffic ien tly  well. In  th e  1H — N M R  sp ec tru m  th e  signal o f N — C H 3 w as sh ifted  
to  ö 2 .93, in acco rd an ce  w ith  th e  e lim in a tio n  o f  th e  p o sitive  charge  from  th e  
N  a to m .

T his ty p e  o f  r in g  cleavage has n o t b een  d esc rib ed  in  th e  l i te ra tu re  e ith e r  
fo r ru teca rp in e  (1) o r  ev o d iam in e  (4). U pon a lk a lin e  t r e a tm e n t o f th e  a lka lo id s , 
in  ad d itio n  to  n o rh a rm a n e  [4— 6], IV -m eth y lan th ran ilic  acid is fo rm ed  from  
evod iam ine  (4) w hile  a n th ra n ilic  acid from  ru te c a rp in e  (1).

In  th e  sy n th es is  o f  cis and  tra n s-h e x a h y d ro ru tec a rp in e , th e  tw o  a p p ro 
p r ia te  open-chain  am in o carb o x y lic  acids w ere  p re p a re d  as in te rm e d ia te s ; th e se  
y ie lded  th e  desired  co m pounds on fu r th e r  c y c liza tio n  [7].

In  th e  p re p a ra tio n  o f d eb en zo ru teca rp in e  (5), th e  open-chain  deb en zo ru - 
te ca rp ic  acid cou ld  n o t  he e ith e r  d e tec ted  o r p re p a re d . S u p p lem en ta ry  rin g  
c leavage ex p e rim en ts  w ere carried  ou t u n d e r  b o th  acid ic and  a lk a lin e  co n d i
tio n s . In  b o th  cases th e  s ta r tin g  com pounds o f  th e  sy n th esis , i.e. 1 ,2 ,3 ,4 -te tra - 
hydro -l-oxo -/9 -carbo linc  (9) an d  /9-alanine (10) w ere recovered .

In  c o n tin u a tio n  o f  in v estiga tions on d eh y d ro d eb en zo ev o d iam in e  h y d ro 
iod ide  (6), th e  q u a te rn a ry  com pound w as su b je c te d  to  red u c tio n . In  th e  reac-
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t io n  e ffec ted  in m eth an o l w ith  N a B H 4, debenzoevod iam ine  ( И )  w as fo rm ed  
in  s a t is fa c to ry  yield.

D u r in g  spectroscopic in v e s tig a tio n s  o f com pound  11, in  th e  m ass spec
t r u m  th e  m olecular ion w as a t  255 m/e (base p eak ), in  accordance w ith  th e  fo r
m u la  g iv en . The ap p earan ce  o f  th e  M -1 f ra g m e n t an d  its  n ea rly  100%  in te n s ity  
in d ic a te  th e  presence of th e  C(3) p ro to n . T h is w as also co n firm ed  b y  th e  
1H — N M R  sp ec tru m . T he s ig n a l o f  th e  C(3) p ro to n  appears as a s in g le t a t  
b 5 .6 0 . T h e  chem ical sh ift o f  th e  signal o f H e— C(5) is v e ry  la rg e  in  th is  case, 
viz.  5 .0 8 . T h is ind ica tes th a t  h e re , s im ila rly  to  3 ,1 4 -d ih y d ro d eb en zo ru teca rp in e  
[ l j  a n d  ira n s-h e x a h y d ro ru tec a rp in e  [8] ex am in ed  earlie r, a con fo rm er p re d o m 
in a te s  in  th e  solu tion  in  w h ich  th e  H e— C(5) an d  C = 0  groups are  co p lan a r.

T h e  syn thesis  o f d eb en zo ev o d iam in e  (11) w as also realized  b y  an a lo g y  to  
th e  sy n th e s is  of d e b e n zo ru teca rp in e  (5) [1]: here  th e  co n d en sa tio n  p a r tn e rs  
w ere  1 ,2 ,3 ,4 -te trah y d ro -l-o x o -jS -carb o lin e  (9) an d  IV-m ethyl-/S-alanine es te r 
(12) [9 ]. C hrom atog raph ic  m o n ito r in g  o f th e  re a c tio n  revealed  th a t  th e  c o n d e n 
s a t io n  to o k  place in  tw o s tep s . F ir s t  th e  o p en -cha in  am inocarboxy lic  ac id  co m 
p o u n d  (13) was form ed an d  th is  g ra d u a lly  tran sfo rm ed  in to  th e  cyclic  s ta te . 
R e d u c tio n  o f th e  am o u n t o f P O C l3 em ployed , a n d  sto p p in g  o f th e  re a c tio n  a t  a 
m ix tu r e  p e rm itte d  th e  iso la tio n  o f  th e  o p en -ch a in  in te rm e d ia te , debenzoevo- 
d ia m in ic  ac id  e th y l e s te r (13) in  th e  fo rm  o f its  hyd roch lo ride .

S pectroscop ic  e x a m in a tio n  o f  com pound  13 unam b ig u o u sly  c o n firm ed  th e  
s t r u c tu r e  expected . In  th e  I R  sp e c tru m , th e  s tre tc h in g  v ib ra tio n  o f  th e  e s te r  
c a rb o n y l appeared  a t  1720 c m “ 1. T he d iffuse a b so rp tio n  betw een  3300— 2700 
c m -1  re fe rs  to  th e  am id in iu m  ch lo ride  u n it .  In  th e  1H — N M R  sp e c tru m  th e  
s ig n a ls  o f  th e  e th y l e s te r — О— C H 2— € H 3 g roup  p ro to n s w ere id e n tif ie d  a t
1.31 ( t ,  3 H ) and  4.24 (q, 2H ).

S u b se q u e n tly  th e  iso la te d  debenzoevod iam in ic  acid e th y l e s te r  h y d ro 
c h lo r id e  (13) was refluxed  fu r th e r  in  th e  p resence o f P0C 13 in  benzene so lu tio n . 
T h e  r e a c tio n  was m o n ito red  c h ro m a to g ra p h ica lly , th e n  th e  re a c tio n  m ix tu re  
w as p ro cessed  and d eh y d ro d eb en zo ev o d iam in c  h y d roch lo ride  (14) w as iso la ted .

T h e  an a ly tica l d a ta  o f co m p o u n d  14 ag reed  p e rfec tly  w ith  th o se  o f  th e  
p r o d u c t  o f  th e  reac tions e ffec ted  w ith o u t iso la tio n  of th e  in te rm e d ia te . S ince
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Fig. 5

co m p o u n d  14 d iffers from  deh y d ro d eb en zo ev o d iam in e  h y d ro io d id e  (6) only 
in  th e  n a tu re  o f th e  halogen , th e  spec tro scop ic  d a ta  w ere also th e  sam e.

D eh y d ro d eb en zo ev o d iam in e  h y d ro ch lo rid e  (14) was th e n  su b je c te d  to  
re d u c tio n  in  th e  m a n n e r d iscussed  ea rlie r, a n d  debenzoevod iam ine  (11) was 
ag a in  o b ta in ed .

E xperim en ta l

D e b e n z o ru te c a rp in e  m e th y l  io d id e  ( 6 )

Debenzorutecarpine (5) (3.00 g, 0.012 m ol) was dissolved in nitrom ethane (200 ml). 
Freshly distilled m ethyl iodide (40 m l, 0.6 m ol) w as added and the m ixture was a llow ed to  stand  
in a dark place at room tem perature for 2 days. Y ellow  needles separated during standing. The 
m other liquor was concentrated to  2/3 volum e and the new  crystals formed were filtered  off. 
R ecrystallization  from  ethanol (3.38 g, 70.7% ). M.p. 268— 270 °C.

C16H leN 3OI (381). Calcd. C 47.24, N 11.02, I 33.35; Found C 47.10, N  11.03, I 33.30% . 
U V (E tO H ) Amax(log e): 242 (4.06); 328 (4.16); 340 (4.00) nm.
IR (K B r): 3520, 3450, 3300 (vN H ); 1730 (i>C = 0); 1615 (v C = N ) c m - 1.
'H - N M R  (CF3COOH): H 2- C ( 6 )  and H 2- C ( 1 6 )  3.30 m (4H); H 2 C(5) and H 2- C (1 5 )  

4.24 t(2H ), 4.48 t, (2H ); N + - C H 3 4.12 s (3H ); H - C  (9, 10, 11, 12) 7 .2 - 7 .8  m  (4H ); NH  
9.76 s (1H ).

MS: M  + : 253, 252, 228, 198, 196, 169 m/e.

A m m o n iu m  sa lt  o f  d e b e n z o e v o d ia m in ic  a c id  (7 )

Debenzorutecarpine m ethyl iodide (6) (0.57 g, 0.0015 mol) was dissolved in concentrated  
am m onium  hydroxide (25.0 m l). Com pound 6 was dissolved w ith a yellow  colour, then  the 
solution  turned into w hite. I t  was then extracted  w ith  chloroform (2 X 50 and 8 X 25 m l).
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The com bined chloroform phases were dried over ign ited  N a 2S 0 4, then filtered. After evapora
tio n  to  dryness, a yellow  solid  w as obtained, which w as crystallized from acetone to  y ield  
w hite  needles (0.32 g, 74.4% ). M. p. 156— 158 °C.

C15H 206N4O2 (288). Calcd. C 62.5, N  19.44; Found C 62.3, N  19.50% .
U Y  (E tO H ): Amax(log e): 242 (4.43); 320 (4.45) nm .
IR (K B r): 3440, 3200— 2700 (rN H  and N H 4+); 1660 (r C = N );  1560, 1400 (i>COO-) c m - 1.
4 1 — NM R (CD3O D): H 2— C(16); H 2- C ( 6 )  2.66 t  (2H ) and 2.7 t  (2H ); H 2- C ( 1 5 ) ,  

H 2— C(5) 3.51 t (2H ) and 3.62 t  (2H ); N - C H 3 2.92 s (3H ); H - C  (9, 10, 11, 12) 6 .9 5 - 7 .5 5  m 
(4H ).

MS: M +  271 m/e.

D e b e n z o e v o d ia m in e  (1 1 )

D ebenzorutecarpine m eth y l iodide (6) (0.381 g , 0.001 m ol) was dissolved in m ethanol 
(40 m l), and N aB H 4 (0.38 g) w as added in sm all increm ents. After the evolution o f hydrogen  
had ceased , the deep ye llow  solution  turned into a lm ost colourless, and it was then  refluxed  
on a w ater bath  for 1 hr, and evaporated to dryness in  vacuum . The solid residue w as dissolved  
in  2 M  HC1 (3 ml) then m ade alkaline w ith  2 Л/ NaO H  (4 m l). T he alkaline solution was extracted  
w ith  chloroform  (1 X 30 and 4 X 25 m l), the com bined chloroform  fractions were dried over 
ign ited  N a 2S 0 4, filtered and evaporated to dryness in  vacuum . The residual yellowish-brown  
oil crystallized  under the e ffec t o f  ethanol; the w hite crysta ls were recrystallized from  ethanol 
(0 .22 g , 86.2% ). M. p .  240— 242 °C.

C,6H ,7N 30  (225). Calcd. C 70.75, N  16.47; Found C 70.8 , N  16.45%.
U Y  (E tO H ): Amax(Iog e): 226 (4.40); 274 (3.95); 282 (3 .96) nm.
IR (K B r): 3280 (rN H ); 1630 (v C = 0 )  c m '1.
JH — NM R (CDC13): H 2— C(16) 2.56 t  (2H); H 2— C (15) and H a- C ( 5 )  2.8— 3.4 m  (5H ); 

H e— C(5) 5.08 m (1H ); H — C(3) 5.60 s (1H); H - C ( 9 ,  10, 11, 12) 7 .00— 7.55 m (4H ); N H  8.30 s 
(1H ); N — CH3 2.41 s (3H ).

MS: M +  255, 254, 212, 211, 170, 169 m/e.

D e b e n z o e y o d ia m in ic  a c id  e th y l  e s te r .  HC1 (1 3 )

1 ,2 ,3 ,4-Tetrahydro-l-oxo-/?-carboline (9) (0.93 g, 0.005 m ol) was dissolved in a m ixture  
o f anhydrous benzene (12.5 m l) and P0C13(4 ml). A fter  d issolution  of the substances, N - 
m ethyl-/?-aIanine ethyl ester (12 ) w as added dropwise. T he m ixture was then refluxed on a 
w ater b a th  for 3 hrs. The so lv en t was distilled in vacu u m  and 15 m l of water w as added. 
The m ixture was made alkaline w ith  concentrated N H 4O H  and the alkaline solution  was 
ex tra cted  w ith  chloroform (2 X 40 and 3 X 20 m l). T he com bined chloroform fractions were 
dried over  ignited Na2S 0 4 and filtered . A thick oil w as ob ta ined  after distillation o f the chloro
form , th is  w as crystallized from  acetone. The white crysta ls were recrystallized from  som e hot 
ethanol (1 .5  g , 68.8)% . M .p. 187— 189 °C.

C |7H 22N 30 2C1 (335.5). Calcd. C 60.80, N  12.51, Cl 10.58; Found C 60.95, N  12.70, Cl 
10.30% .

U V  (E tO H ): Amax(log e): 242 (4.12); 324 (4.30) nm .
IR  (K Br): 3300— 2700 (vN H  indol and am idinium ); 1720 (rC = O ester); 1680 

( ^ “ ^amidinium) cra
4 1 — NM R (CDC13 +  CD3O D(9 : 1)): E tO -1 .3 1  t  (3H ); 4.24 q (2H); H 2— C(16) 2.96 t 

(2H ); H 2— C(6) 3.14 t  (2H ); H 2— C(5) and H 2- C ( 1 5 )  3.64 m  (2H ) and 3.76 t (2H );’ N — CH3 
3.97 s (3H ); H — C(9, 10, 11, 12) 7 .05— 7.65 m  (4H).

M S: M + 299 m/e.

D e h y d ro d e b e n z o e v o d ia m in e  h y d ro c h lo r id e  (1 4 )

a )  l,2,3,4-T etrahydro-l-oxo-/S-carboline (9) (3.72 g, 0.02 m ol) was dissolved in a m ixture  
o f anhydrous benzene (50 m l) and POCl3 (20 ml). Л -m et h у 1-/1-ala nine ethyl ester (12) (3.1 ml, 
0.04) m ol w as added under cooling. The m ixture was refluxed  on  a water hath for 5 hrs. After  
the reaction  period the so lution  w as cooled and a ye llow  crystalline  substance separated, this 
was filtered  off, washed w ith  benzene and recrystallized from  m ethanol (4.1 g, 71% ). M.p. 
181— 184 °C.
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b) D ebenzoevodiam inic acid eth y l ester hydrochloride (13) (0.35 g, 0.001 m ol) was 
dissolved  in a m ixture o f anhydrous benzene (15 m l) and POCla (4 m l). The clear solution was 
refluxed on a water bath  for 2 hrs. After cooling, yellow  crystals separated, these  were filtered  
o ff and recrystallized from  ethanol (0.25 g, 82.7% ). M.p. 182— 184 °C.

CI6H 16N 30C1 (289.5). Calcd. C 62.10, N  14.50, Cl 12.20; Found C 62.3 , N  14.31, Cl
12.00% .

°ÜV(EtOH): vmax(log e ) :  242 (4.06); 326 (4.16) nm.
IR  (K Br): 3520, 3450 (vN H ); 1730 (v C = 0 ) ;  1615 (j>C==N) c m - 1.
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Two m ajor com ponents o f the cabbage armyworm’s sex pherom one, (Z ) - l l-  
hexadecenyl aceta te  and (Z )-ll-h ep tad ecen y l acetate , were isolated, identified  and then  
synthesized em ployin g  the stereoselective W ittig-olefination  as the key  step .

T he ex is ten ce  o f  a fem ale sex p h e ro m o n e  in  th e  cabbage  a rm y w o rm  
(Marnestra brassicae L ., L ep id o p te ra , N o c tu id ae ) was ev idenced  b y  tw o 
resea rch  groups [1, 2 ]. R ecen tly , B e s t m a n n  el al. [3, 4], and M a r t i n  et al. [5] 
h av e  id en tified  a n d  syn th esized  th e  m a jo r  co m p o n en t of th e  p h ero m o n e  as 
(Z ) - ll-h e x a d e c e n - l-y l a c e ta te  (la ) , b u t  th e  m ino r com ponen t(s) rem ain ed  
s till unknow n . T h e  p re se n t w ork was c o m p le ted  in  order to  ach ieve a m ore  de
ta ile d  know ledge o f  th e  chem ical n a tu re  o f  a ll com ponents in  th e  p h e ro m o n a l 
secre tion  of fem ale  Marnestra brassicae.

T he m o th s u sed  o rig ina ted  from  a la b o ra to ry  cu ltu re  m a in ta in e d  on a se
m isy n th e tic  d ie t [6] a t  28 °C and  60— 80 %  re l. h um . The p upae  w ere sex ed  and  
th e  em erging a d u lts  w ere held a t a rev e rse d  18/6 lig h t/d a rk  p h o to reg im e .

The iso la tio n  o f  th e  pherom one w as m a d e  b y  excising th e  ab d o m en  tips 
o f  ap p ro x im a te ly  300 calling  v irg in  fem ales a n d  ex trac tin g  th e m  in  h ex an e . 
B eside th is  m e th o d , P o ra p a k  Q co llection  o f  v o la tiles o rig in a tin g  fro m  a b o u t 
160 3 to  5 days o ld  fem ales was also c o n d u c te d  [7].

In  our la b o ra to ry  b ioassay  th e  p re c o p u la to ry  b ehav iou r re sponse  o f  m ales 
w as m on ito red . W a lk in g  w ith  w ing fa n n in g  a n d  fly ing  were chosen  as th e  key  
responses. In  ev e ry  re p e titio n  four 3 to  5 d ay s  old u n m a ted  m ales w ere used  
an d  a t  every  t e s t  th is  t re a tm e n t was re p lic a te d  a t  least 15 tim es . D a ta  w ere 
also co rrec ted  fo r b asic  a c tiv ity .

Gas ch ro m a to g ra p h ic  analysis o f th e  c o n c e n tra te d  hexane e x tr a c t  show ed 
a m u ltico m p o n en t m ix tu re , w hich co n sis ted  o f  tw o m ajor co m p o n en ts  in  a 
95 : 5 ra tio .

The p rin c ip a l co m p o n en t p roved  to  be  (Z )-ll-h e x a d ec e n y l a c e ta te  ( la ) , 
as recen tly  re p o r te d  b y  B e s t m a n n  et al. [3, 4 ]. The m inor c o m p o n e n t h ad  a
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lo n g e r  re te n tio n  tim e  on th e  n o n -p o la r silicone co lum n , and  i t  w as assu m ed  
t h a t  i t  m ig h t have a s t ru c tu re  sim ilar to  l a ,  b u t  a h ig h er m olecular w e ig h t.

T h e  GC—MS an a ly s is  o f  th e  e x tra c t e x h ib ite d  a ch a rac te ris tic  m ass 
s p e c t r u m  o f th e  m inor c o m p o n e n t and  in d ic a te d  t h a t  th e  m olecular w e ig h t w as 
2 96 . F u r th e rm o re , th e re  w as a d o m in a tin g  f ra g m e n t a t  m/e  236 re su ltin g  from  
th e  lo ss  o f  CHgCOOH fro m  th e  m olecu lar ion . A  w eak  b u t  ty p ica l ion  fo r  a c e ta t 
es w a s  also  p resen t a t  m/e 61 (C H 3COOH,/"). S ignals a t  m/e  192 and  96 in d ic a te d  
t h a t  th e  u n sa tu ra tio n  in  th e  lon g -ch a in  a c e ta te  w as in  position  11. (F o r d e ta ils , 
see  E x p e rim e n ta l.)

B ecau se  th e  m o lecu la r w eig h t o f th e  c o m p o u n d  ind ica ted  a ch em ica l 
c o m p o s itio n  of C19H 360 2, a n d  th e  m ass sp e c tru m  w as v e ry  sim ilar to  th e  sp ec 
t r u m  o f  l a ,  we sy n th e tiz e d  th e  (Z ) - ll-h e p ta d e c e n y l a c e ta te  (lb ), an d  ru n  its  
s p e c tru m . T he tw o sp e c tra  sh ow ed  excellen t a g re e m e n t, w hich p roved  t h a t  th e  
m in o r  co m p o n en t of th e  p h e ro m o n e  sy stem  w as (Z )- ll-h e p ta d e c e n y l a c e ta te
( l b ) .

T h e  m ethod  used  fo r  th e  p re p a ra tio n  o f  th e  pherom one co m p o n en ts  ( la  
a n d  lb )  is shown in C h a rt I . T he h y d ro x y l g ro u p  o f 1 1 -b rom o-undecen -l-o l 
(2 ; X  =  H ) was p ro tec ted  b y  conversion  to  th e  te t r a -

C hart I

R  (C H 2)4— C =  C— (CH o)9— CHo O— C— C H 3
i I II

H  H о
l a ;  R  =  H  
lb ;  R  =  C H 3

B r — (CH2)U—o x  
2

P(C„H5)S
(CeH5)3P - (C H 2)u- O X B r e

3

R —(CH2),— СНО
R — (C H 2)4— С =  C— (C H 2)10 -  O X

I I
H  H

l a  —b

4 5

h y d ro p y ra n y l  e ther (2; X = T H P )  [8], w hich w as th e n  tre a te d  w ith  tr ip h e n y l-  
p h o s p h in e .

T h e  resu ltin g  tr ip h e n y lp h o sp h o n iu m  sa lt (3; X = T H P )  was c o n v e rte d  to  
an  y lid e  w ith  sodium  m e th y lsu lf in y lm e th id e  in  d im e th y l sulfoxide an d  allow ed  
to  r e a c t  w ith  hexanal (4; R = C H 3) to  fo rm  th e  te tra h y d ro p y ra n y l e th e r  o f 
(Z ) - l l - h e p ta d e c e n - l-y l  a c e ta te  (5; R = C H 3; X = T H P ) .  S ubsequen t re f lu x in g  
w ith  a c e ty l  chloride in  a c e tic  ac id  cleaved  th e  p ro te c tin g  group to  fo rm  th e  
d e s ire d  (Z ) - l l-h c p ta d e c e n - l-y l  a c e ta te  (lb ).
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In  an  a lte rn a tiv e  sy n th e tic  ro u te , th e  b ro m o h y d rin  (2; R = H )  w as t r a n s 
fo rm ed  b y  t r e a tm e n t w ith  e th y l v in y l e th e r  in to  th e  e th o x y  e th e r  d e r iv a tiv e  
[2; X = C H (C H 3)O E t] , w hich w as t r e a te d  w ith  trip h en y lp h o sp h in e . T h e  re s u l t 
ing  pho sp h o n iu m  sa lt [3; X = C H (C H 3)O E t]  w as m ade to  reac t w ith  p o ta s s iu m  
m e ta l p red isso lved  in  h ex am e th y lp h o sp h o ric  tr ia m id e  to  form  th e  y lid e , an d  
th is  w as condensed  w ith  h ex an a l to  give th e  e th o x y  e th e r d e riv a tiv e  o f  ( Z ) - l l -  
h ep tad ecen y l a c e ta te  [5; R = C H 3; X = C h (C H 3)O E t]. R em oval o f th e  p ro te c t 
ing  group  b y  re a c tio n  w ith  an  acid  in  m e th a n o l, followed b y  a c e ty la tio n  a f
fo rd ed  th e  pherom one  com ponen t lb .

T he m eth o d  o f p rep a rin g  th e  m ain  co m p o n e n t of th e  sex a t t r a c t a n t  (la )  
w as som ew hat m ore d irec t. A ce ty la tio n  o f  th e  b ro m o h y d rin  (2; R = H ) ,  fo llow ed 
b y  t re a tm e n t w ith  tr ip h e n y lp h o sp h in e  a ffo rd ed  th e  tr ip h e n y lp h o sp h o n iu m  
sa lt (3; X = A c ) .  T h is w as co n v erted  to  th e  co rrespond ing  ylide u s in g  sod ium  
m eth y lsu lfin y lm e th id e , w hich  w as allow ed to  re a c t w ith  p e n ta n a l (4; R = H )  
to  g ive (Z )- ll-h e x a d e c e n - l-y l a c e ta te  ( la ) .

T he above sy n th es is  w as sim pler th a n  th e  prev ious one [4], b u t  th e  y ield  
w as ra th e r  m o d era te  (25% , based  on th e  p h o sp h o n iu m  sa lt used).

T he s tereochem ical hom o g en e ity  o f  th e  sam ples was p ro v e d  b y  gas 
ch ro m a to g ra p h y  an d  TLC analysis  (A g N 0 3-im p reg n a ted  silica gel). T h e  su b 
s tan ces  ( la  an d  lb )  w ere hom ogeneous as ju d g e d  b y  VPC w ith  < 2 %  im p u ritie s  
p resen t.

In  la b o ra to ry  b ioassays, a m ix tu re  o f  l a  an d  lb  in  th e  n a tu r a l  ra tio  
(9.5 : 0.5) in d u ced  a 50%  response a t  a 4.2  n g  dose, w hereas b y  l a  a lo n e  th e  
sam e response could  be elic ited  on ly  w ith  47 ng . Com pound l b  te s te d  alone 
th o u g h  ex h ib ited  som e a c tiv ity , a 50%  re sp o n se  could be ach ieved  o n ly  b y  a 
dose o f ab o u t 350 ng.

Reside p ro v in g  th e  synerg istic  e ffec t o f  lb ,  our la b o ra to ry  b io a ssa y  was 
n o t su itab le  fo r c la rify ing  o th e r a sp ec ts  o f  b io logical function(s) o f  th e  co m p o 
n e n ts ; fo r com p le tin g  th is  m ore ex ten s iv e  f ie ld  te s tin g  is needed.

A lthough  th e re  are a n u m b e r o f o th e r  N o c tu id ae  in  w hich m u ltic o m p o 
n e n t pherom one system s h av e  been  id e n tif ie d  [9, 10], th is  is th e  f i r s t  r e p o r t  of 
a pherom one m ix tu re  co n ta in in g  tw o  a c e ta te s  o f  w hich th e  f irs t  h a s  a n  even 
n u m b ered  an d  th e  second on odd  n u m b ered  ca rb o n  chain.

E x p erim en ta l

Boiling points are uncorrected. IR  spectra refer to film s and were determ ined on a 
Spektrom om  2000 spectrom eter. NM R spectra were recorded in CC14 solutions at 60 M Hz, 
w ith  TMS internal standard, on a Perkin Elm er R 12 spectrom eter. GLC analyses were per
form ed on a Pye 105 gas chrom atograph (4%  SE -30 and 6%  OV-210 on chrom osorb W  60 — 
80 m esh, 2 mm X 2 m glass colum n; carrier gas H e; 195 °C), GC/MS m easurem ents were taken  
on a JE O L  JGC-20K and JM S-O lSG -2 com bined sy stem  (ionizing energy 75 eV , acc. voltage  
10 kV, ionizing current 200 A). Compounds 2 ( R = H )  and 4 were obtained com m ercially  and 
purified by standard procedures.
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1 1 -B ro in o - l -u n d e c y l  a c e ta te  (2 ; X  =  Ac)

A c20  (15 ml; 0.15 m ole) was added to a so lu tion  o f  11-brom o-l-undecanol (30 g; 0.12 
m ole) in dry benzene (100 m l) and the mixture was allow ed to  stand  overnight a t room  tem p er
ature. R em oval o f the so lv en t and distillation of th e  residue gave 31.4 g (90% ) of 2 (X  =  A c), 
b.p. 120 °C/0.1 mm; vmax 1735, 1360, 1230, 1040 c m - 1; <5 1.3 (18H , m), 1.96 (3H , s), 3.35 (2H , 
t ,  J  =  7 H z), 3,95 (3H , t ,  J  =  7 H z).

1 1 -A c e to x y - l-u n d e c y l- t r ip h e n y lp h o s p h o n iu m  b ro m id e  (3 ;  X  =  Ac)

A  m ixture o f the brom ide 2 (X = A c ;  30 g; 0.1 m ole) and tripenylphosphine (26 g; 
0.1 m ole) in  dry aceton itrile (100 ml) containing anhydrous potassium  carbonate (1 g) was 
refluxed  on a water bath  for 15 h. The reaction m ixture w as cooled, filtered and the aceto
nitrile  evaporated. The residue w as extracted three tim es w ith  dry ether (300 ml) and dried in 
vacu u m  at room tem perature overnight to obtain 45.3 g (80% ) of 3 (X = A c )  as a pale yellow  
m aterial; vmax 1740, 1360, 1240, 1150, 1040 cm “ 1; <5 1.2 (14H , m ), 1.5 (4H , m), 2 (3H , s), 3.5 
( 2H , m ), 4 (3H , t, J  =  7 H z), 7.7 (15H , m).

( Z ) - l l - H e x a d e c e n - l - y I  a c e ta te  ( l a )

To a solution o f sod ium  m ethylsulfinylcarbanion (prepared from 2.5 g; 0.13 m ole o f  
sod ium  hydride) in d im eth y l sulfoxide (30 ml) was added  a solution  of 11-acetoxy-l-und ecyl-  
triphenylphosphonium  brom ide (3 ; X = A c ;  20 g; 0 .036  m ole) in dim ethyl sulfoxide (40 ml) 
w ith  stirring at room tem perature. After the m ixture had been  stirred for 30 m in, th e  dark 
orange solution of the resu lting ylide was cooled to  + 5  °C and pentanal (4.0 g; 0.04 m ole), 
in d im eth y l sulfoxide (10 m l) w as added. The suspension w as stirred for 10 h at room  tem p er
ature, then  poured into w ater, and the resulting m ixture w as extracted  w ith hexane (200 ml). 
The organic phase was w ashed  succesively w ith w ater, 5%  sulfuric acid, water, aqueous sodium  
hydrogen sulfate, water and th en  dried over m agnesium  su lfate. The hexane was evaporated  
and th e  residue fractionally  d istilled  to afford l a  (2 .5  g; 25% ), b.p. 120— 122 °C/0.25 m m  
(lit. [4] 108 °C/0.1 mm); vmax 1740, 1380, 1365, 1235 c m - 1; Ő 0.9 (3H , t, J  =  7 H z), 1.3 (20H , 
m ), 2 (7H , s +  m), 4.05 (2 H , t ,  J  =  7 Hz), 5.35 (2H , m).

GC: Rt 11.9 m in.
MS: M +  282 ( < 1 ) ,  m /e 223 (31), 138 (15), 124 (21), 110 (43), 97 (96), 83 (100), 82 (75), 

70 (57), 69 (69), 57 (13), 55 (99 ), 44 (69), 42 (57), 28 (53).

1 1 - B r o m o u n d e c a n - l- o l  te t r a h y d ro p y ra n y l  e th e r  ( 2 ;  X  =  T H P )

A  m ixture f  5 g (0 .059 m ole) o f dihydropyran, 10 g (0 .04  m ole) o f 11-brom o-l-undeca
nol, and 3 drops of cone. HC1 w as stirred at room tem perature overnight. The m ixture w as then  
stirred a few  m inutes w ith  solid potassium  carbonate, dried (M gS04) and concentrated  in  
vacuum  to give 10.5 g o f 2  (X = T H P );  <5 1.25— 2.2 (24H , m ), 3.5 (6H , m), 4.5 (1H , m ). This 
was em ployed for the n e x t step  w ithout further purification .

l l - ( 2 - T e t r a h y d r o p y ra n y lo x y ) - l - u n d e c y l - t r ip h e n y l - p h o s p h o n iu m  b ro m id e  (3 ;  X  =  T H P )

The bromide 2 ( X = T H P )  (13 g; 0.039 m ole) w as added to a solution of triphenyl- 
phosphine (11 g; 0.04 m ole) in  dry acetonitrile (30 m l) and heated under reflux for 10 h , in 
the presence of potassium  carbonate (0.5 g). The m ixture w as filtered, concentrated in  vacuum  
and th en  vigorously shaken w ith  ether followed b y  d ecantation  (three portions o f 100 m l 
each). T he remaining residue w as dried in vacuum  at room  tem perature overnight to  ob ta in  
19 g (82% ) of 3  (X = T H P );  á 1 . 2 - 2  (24H, m ), 3 - 4  (6 H , m ), 4.5 (1H , m), 7 .5 - 8 .3  (15H , m).

( Z ) - l l - H e p t a d e c e n - l - o l  te ra h y d ro p y ra n y l e th e r  ( 5 ;  R  =  CH3: X  =  T H P )

Sodium  m ethylsulfinylcarbanion (dim sylsodium ) w as prepared in the usual m anner  
from  sodium  hydride (1.1 g; 0 .037 mole) and dim ethyl su lfoxide (15 ml). A solution o f l l - ( 2 -  
tetrahydropyranyloxy)-l-undecyl-triphenylphosphonium  brom ide (3 ; X = T H P )  (10.5 g; 0.017 
m ole) in  dry dim ethyl su lfox id e (20 ml) was added w ith  stirring at room tem perature. The  
m ixture turned dark orange; it  was stirred for 0.5 h at 50 °C and then a solution o f fresh ly
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distilled  hexanal (1.7 g; 0.017 m ole) in d im ethyl sulfoxide (5 ml) was added . A ll these opera
tions were carried out under an argon atm osphere and the solutions were introduced through 
a rubber septum . The m ixture w as strirred at room  tem perature for 5 h , th e  reaction  was then  
quenched by adding w ater (30 m l) w ith  cooling, and the resulting solution  w as extracted with 
hexane (150 ml). The hexane solution was w ashed successively w ith  w ater, 5%  sulfuric acid, 
saturated sodium  chloride solution  and dried. R em oval o f the so lv en t gave  5 (R = C H 3; 
X = T H P ) ,  (4.65 g; 82% ); Ő 0.9 (3H , t ,  J  =  7 H z). 1 .1 - 1 .7  (28H , m ), 1.9 (4 H , m), 3.5 (4H, 
m ), 4.5 (1H , m), 5.25 (2H , t ,  J  =  6 Hz).

C22H120j. Calcd. C 78.04; H  12.51. Found C 77.86; H 12.37% .

( Z ) - l l - H e p t a d e c e n - l - y l  a c e ta te  ( l b )

A  solution of the tetrahydropyranyl ether (5; R = C H 3; X = T H P ;  5.7 g; 0.016 mole), 
acetic acid (10 ml) and acety l chloride (3 m l) was refluxed for 4 h and th e n  allow ed to stand 
overn ight. The solution w as poured into ice and extracted w ith hexane (100 m l). The ethereal 
extract was washed w ith  w ater and dried over M gS04. After rem oval o f the so lv en t, the residue 
was distilled  to give o ily  lb  (2.6 g; 52% ); b.p. 122— 126 °C/0.25 m m ; vmax 1740, 1380, 1360, 
1230, 1040 c m - 1; Ö 0.9 (3H , t ,  J  =  7 H z), 1.3 (22H , m); 2 (7H , s +  m ), 4 .05 (2H , t ,  J  =  7 Hz), 
5.35 (2H , m).

C „ H „ 0 2- Calcd. C 76.97; H  12.24; Found C 76.72; H 11.98% .
GC: Rt 15.4 min.
MS: M +  296 ( < 1 ) ,  m/e 236 (27), 192 (5.2), 152 (10), 138 (14), 124 (17), 110 (39), 96 

(76), 83 (37), 82 (81), 69 (42), 61 (12), 55 (69), 43 (46), 28 (100).

l - B r o m o - l l - ( l - e th o x y - e th o x y ) u n d e c a n e  [2; X  =  CH(CH3)O E t]

To a cooled m ixture o f 11-brom o-l-undecanol (10 g; 0.04 m ole), and  fresh ly distilled 
eth y l v iny l ether (3.6 g; 0.05 m ole) was added 2 drops of cone. HC1, and th e  resulting solution 
was stirred at room tem perature for 1 h. The m ixture was then stirred a few  m inutes with 
solid potassium  carbonate, filtered and the excess o f  ethyl vinyl ether was evaporated  in vacuum  
to  leave 11 g o f 2 [X = C H (C H 3)O E t], a v iscous, yellowish oil; <5 1.3 (24H , m ), 3.45 (6H , m), 
4.65 (1H , q, J  6 H z). The com pound suffered thermal decom position up on  attem pted dis
tillation .

l l - ( l - E th o x y - e th o x y ) - l -u n d e c y l - t r ip h e n y lp h o s p h o n iu m  b ro m id e  [3 ; X = C H (C H 3)OEt]

The bromide 2 [X = C H (C H 3)O Et; 9.69 g; 0.03 mole] was added to a so lu tio n  o f triphenyl- 
phosphine (7.86 g; 0.03 m ole) and potassium  carbonate (0.5 g) in dry aceton itr ile  (40 ml), 
and the m ixture was heated  under reflux for 16 h. After filtration , the so lv en t w as evaporated  
in vacuum  and the residue shaken w ith  ether followed by decantation (tw o  150-m l portions). 
The viscous residue was dried in vacuum  overnight to obtain  13 g (74% ) of 3 
[X = C H (C H 3)O Et]; 6 1.3 (24H , m ), 3.45 (6H , m ), 4.65 (1H , q, J  =  6 H z), 7 .5 - 8 . 3  (15H , m).

( Z ) . l - ( l - E th o x y - e th o x y ) - l l - h e p ta d e c e n o l  [5 ; R =  CH3: X  =  CH (CH 3)O Et]

Potassium  m etal (1 .4  g; 0.036 g-atom ) was added w ith stirring to  dry hexam ethyl- 
phosphoric triamide (40 m l) and the m ixture was stirred at room tem perature for 1 h under an 
argon atm osphere. A  solution  of the phosphonium  bromide 3 [X = C H (C H 3)O Et; 11.7 g; 
0.02 m ole] in dry hexam ethylphosphoric triam ide (15 ml) was added and  the m ixture was 
stirred at room tem perature for 1 h in vacuum  in order to remove the d im ethylam in e generated 
in th e  reaction. Then fresh ly distilled hexane (2 g; 0.02 mole) was added dropwise at 0 °C 
and the resulting m ixture was stirred at room  tem perature for 8 h. The reaction  was quenched 
b y  adding water w ith cooling and the solution  was extracted w ith hexane (150 m l). The organic 
phase was washed successively w ith  w ater, cold 5% sulfuric acid, water, aqueous sodium  hydro
gen su lfite , saturated brine, and dried over m agnesium  sulfate, finally  concentrated  in vacuum  
to give 5 [R = C H 3; X = C H (C H 3)O Et; 4.4 g; 67% ]; <5 0.9 (3H , t ,  J  =  7 H z), 1.3 (28H , m), 
3.5 (4H , m ), 4.65 (1H , q, J  — 6 H z), 5.45 (2H , m). This product was used  in  the next step 
w ithout further purification.
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( Z ) - l l - H e p ta d e c e n - l - y l  ace ta te  ( l b )

T o a solution of the e th o x y  eth er  5 [R = C H 3; X = C H (C H 3)O E t; 5 g) in m ethanol 
(20 m l) w as added 4 drops of cone. HC1, and the resulting solution  w as stirred at room tem per
ature for 4 h. The mixture was th en  poured into water and ex tra cted  w ith  ether. The ethereal 
e x tra c t  w as washed with water, dried  (M g S 0 4), concentrated and th e  residue distilled in vacuum  
to  g iv e  (Z )-ll-h ep ta d ecen -l-o l (5; R = C H 3; X = H ;  2.5 g, 58% ), b .p . 165 °C/0.25 mm; vmax 
3400 , 1380 , 1050 c m -1; 6 0.9 (3 H , t ,  J  =  7 Hz), 1.3 (22H , m ), 2 (4 H , m ), 3.5 (2H , m), 4.5 
(1 H , m ), 5.3 (2H , m).

C ^H ^O . Calcd. C 80.24; H  13.47. Found C 80.04; H  13.35% .
A cetic  anhydride (3 m l) w a s added  to a stirred, ice-cooled  m ixture of the alcohol 5 

( R = C H 3; X = H ;  2.5 g) in dry p yrid in e  (5 ml). After 3 h a t room  tem perature, the solution  
w as pou red  onto ice and the resu ltin g  m ixture was extracted  w ith  ether. The organic phase 
w as w a sh ed  successively w ith w a ter , 5%  sulfuric acid, water and dried. The residue obtained  
after  rem ova l o f the solvent in  v a c u u m  was distilled to give l b  (2 .25  g; 42%  based on the 
e th o x y  eth er  used), b.p. 122— 125 °C /0 .25 m m . The com pound proved  to he identical w ith the  
one prepared  above.
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In  sp ite  o f th e  fa c t th a t  vario u s m e th o d s  are  know n for th e  sy n th e s is  of 
th e  sulfoxides o f su lfu r-co n ta in in g  h e te ro cy c lic  com pounds [2— 5], th e  p re p 
a ra tio n  o f b en zo th iazep in e  sulfoxides are h a rd ly  m en tio n ed  in  th e  l i te ra tu re . 
V ery  few  re p re se n ta tiv e s  o f such  d e riv a tiv e s  h av e  y e t been d esc rib ed ; th e se  
w ere sy n th esized  b y  th e  sod ium  p e rio d a te  o x id a tio n  of th e  co rresp o n d in g

T ab le  I

P h y s i c a l  c o n s ta n t s  a n d  a n a l y s i s  d a ta  o f  th e  c o m p o u n d s  p r e p a r e d

Compound
M.p.,

c
Yield,

%
Overall
formula

Analys

Calculated

Я. %
Found

N s N s

I 2,3-D ihydro-2-phenyl- 
1,4-benzothiazepin- 
5(4H)-one- 1-oxide 290

decomp.
63.4 C15H1sO,NS 5.16 11.80 5.02 11.74

i i
2,3-D ihydro-2-phenyl-

1,5-benzothiazepin-
4(5H )-one-l-oxide

2 0 1 -  
202 (d.) 77.8 Ci6H 130 ,N S 5.16 11.80 5.09 11.57

IH

2,3-Dihydro-2-phenyl- 
3-m ethyl-l,5-benzo- 
thiazepin-4(5 H ) -  
one-l-oxide 2 7 6 -2 7 7 56.6 CleH 160 8NS 4.91 11.22 4.86 10.86

IV

2,3-Dihydro-2-phenyl- 
3-acetam ino-l,5- 
benzothiazepin- 
4(5H )-one-l-oxide 2 6 7 -2 6 8 76.9 CI7IIl0O3N 2S 8.56 9.75 8.61 9.71

V
2-Phenyl-3-brom o-l ,5- 

benzothiazepin- 
4(5H )-one-l-oxide 1 7 1 -1 7 2 76.3 Cu H 10O2NSBr 4.01 9.19 4.03 9.11

* For Part V , see R ef. [1]
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b e n z o th ia z e p in e s  [6— 8 ]. B y  m ean s o f the  o x id a tio n  o f b en zo th iazep ines w ith  
h y d ro g e n  peroxide on ly  su lfones h av e  h ith e r to  b een  o b ta in ed  [9— 11].

R e c e n tly  Magnia  [12] w o rk ed  ou t a sim p le  an d  conven ien t m e th o d  fo r 
th e  sy n th e s is  o f penicillin  a n d  cephalosporin  su lfox ides w ith  th e  help  o f o x id a 
t io n  w ith  hydrogen  p e ro x id e  in  th e  presence o f  fo rm ic acid or ace tic  acid . 
T h is  p ro c e d u re  has now  b een  app lied  for th e  p re p a ra tio n  o f b en zo th iazep in e  
su lfo x id e s . 2 ,3 -D ih y d ro -2 -p h en y l-l,4 -b en zo th iazep in -5 (4 R )-o n e , 2 ,3 -d ihydro-2 - 
p h e n y l- l,5 -b e n z o th ia z e p in -4 (5 if)-o n e , its  3 -m e th y l an d  3 -acetam ino  d e riv a tiv e s  
a n d  2 -p h e n y l-3 -b ro m o -l,5 -b en z o th ia z e p in -4 (5 ii)-o n e , respective ly , w ere allow 
ed  to  re a c t  w ith  hyd rogen  p e ro x id e  in  th e  p resen ce  o f form ic ac id ; th e  p ro d 
u c ts  w e re  th e  co rrespond ing  su lfox ides (I—-V) (T ab le  I). The sulfoxide c h a ra c 
t e r  o f  th e  com pounds p re p a re d  is u n eq u iv o ca lly  p ro v ed , besides th e  an a ly ses , 
b y  th e  rS  =  0  bands a p p e a rin g  in  th e ir  IR  sp e c tra  a t  a b o u t 1040 and  1070 c m -1 . 
S u lfo n e  fo rm atio n  w as n o t  o b se rv ed ; th is  is in  acco rd an ce  w ith  th e  re su lts  of 
Maginia ob ta in ed  for p en ic illin  an d  cepha lospo rin  d e riv a tiv es  [12].

Experimental

M.p.’s are uncorrected.
IR spectra were recorded with a Perkin-Elmer 283 instrument in KBr discs.

Oxidation of Benzothiazepines — General Procedure

B enzothiazepine (10 m m oles) was dissolved in dichlorom ethane (150 m l) and 30%  
h y d ro g en  peroxide (12 m m oles) and form ic acid (40 m m oles) were added to the so lution . The 
rea c tio n  m ixture was stirred for 7 h  at room  tem perature. The solvent was then  evaporated  
in  v a c u u m  and the residue crystallized  from  ethanol to  obtain  the product as white crystals 
(T ab le  I).

*

T he author’s thanks are due to Dr. Z. D in y a  for th e  IR  spectra and to the H ungarian  
A c a d e m y  o f Sciences for financia l support o f this research.
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D issociation  and recom bination rate constan ts o f benzoic acid and ten  deriva
tives have been determ ined using R ü e t s c h i’s indirect polarographic m eth od  in  th e  
presence o f azobenzene and/or p-nitraniline, respectively . The quantitative data  o b ta in e d  
are correlated w ith  structural considerations.

In tro d u c tio n

In  a p rev ious p a p e r  [1] we h av e  re p o r te d  on th e  acid-base b e h a v io u r  o f 
benzoic acid an d  som e deriv a tiv es  based  on th e  d irec t po larograph ic  in v e s tig a 
tio n  o f  th e  k in e tic  c u rre n t of H  + -ions fo rm ed  in  th e  equilib rium  re a c tio n :

H A  H +  +  A -  (1)
kr

ch a rac te rized  b y  th e  ac id ity  c o n s tan t

K a ( 2)

k d  an d  k r being  th e  d issocia tion  and  th e  re c o m b in a tio n  ra te  c o n s ta n ts , re sp e c 
tiv e ly . H ow ever, w ith  v e ry  w eak acids th e  k in e tic  hydrogen w ave a p p e a rs  a t  
to o  n eg a tiv e  p o te n tia ls , being m asked  b y  th e  su p p o rtin g  e lec tro ly te . In  th is  
case R ü e t s c h i’s in d ire c t m ethod  [2, 3], in  acco rdance  w ith  th e  W e b e r —  

K o ü t e c k y  th e o ry  [4] can  be app lied . I t  is b a se d  on th e  p ro p e rty  o f  som e o r 
ganic com pounds, like azobenzene [2, 3 ], or p -n itra n ilin e  [5] (m ed ia to rs), w h ich  
in  th e  p resence  o f H +-ions y ield  double re d u c tio n  w aves (Fig. 1). T he f i r s t  w av e  
is d e te rm in ed  b o th  b y  th e  ra te  o f th e  d isso c ia tio n  o f th e  w eak acid p re se n t a n d  
d iffusion , allow ing th e  ev a lu a tio n  o f th e  re sp e c tiv e  ra te  co n stan ts , k d  a n d  k r ,  

re sp ec tiv e ly . T he second w ave is d iffu sio n -co n tro lled  and corresponds to  th e

3' Acta Chim. Acad. Sei. Hung. 102, 1979
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Fig. 1. T he double reduction  w ave o f azobenzene (1) and o f p-nitraniline (2) in the presence of 
benzoic acid. E xperim ental conditions: see in  the tex t

re d u c tio n  o f  th e  o rg an ic  m ed ia to r  com pound  u n a ffe c ted  b y  p ro tons. T h e  l im it
in g  c u rre n t o f th e  f i r s t  w ave is given b y  th e  e q u a tio n  [2]:

w here
kt\l2

=  0 .8 7 M D 1'2 oc
[ K a k d

- 0 . 8 7  M

oc =

D

[A“ ]

к =  0.627 • IO - 3 n F m 2l4 \ 16 

D H+ [H +] +  D ha  [H A ]

rK a kd
[A“ ]

d h+ +

D

[A "]
К я

D f

1 +

M = -
D

D HA

[A "]

K a

IjhZ
1 -Dh a

Du,+
D HA

(3)

(4)

(5)

( 6 ) 

(7)

T h is in d ire c t m e th o d  can  be applied  to  e lec tro ch em ica lly  inac tive  w eak  ac ids. 
T h e  k in e tic  c u rre n t c an  be observed if  i t  d iffe rs  fro m  th e  diffusion c u r re n t  a t 
le a s t b y  10% , i .e . :

i / id <  0 .9  (8)

C onsidering  e q u a tio n  (3), th e  above in e q u a li ty  can  be w ritten  in  th e  fo rm :

Я =  0.87 I k d A a 

1 [A "]

D m

D ha
< 9  . (9)
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Since in  general 3 s an d  Dn+jDHA ~  3, co n d itio n  (9) is eq u a l to  :

K K а

[А “ ]
<  4 . ( 10)

T he m in im al v a lu e  o f  A in  e q u a tio n  (9) being  A >  1/100, i t  follows th a t  w ith  th e  
in d ire c t p o la ro g rap h ic  m e th o d  e lec trochem ica lly  in ac tiv e  acids w ith  5 >  
>  P K a >  10 can  he  in v e s tig a te d . E q u a tio n  (3) is  v a lid  if  th e  d issoc ia tion  re 
ac tio n  (1) is p seudo-m onom olecu la r, and  th e  re c o m b in a tio n  one is m onom olec- 
u la r . T h is co n d itio n  is fu lfilled  if  th e  in v e s tig a tio n s  are p erfo rm ed  in  w ell 
bu ffered  so lu tions c o n ta in in g  a large excess o f  an io n  (a t leas t te n  tim es  th e  
c o n c e n tra tio n  o f th e  ac id ). In  o rder to  avo id  th e  in flu en ce  of th e  elec tric  fie ld  
o f  th e  e lec trode  on th e  r a te  o f d issociation , th e  th ic k n e ss  of th e  reac tio n  lay e r 
(/n), i.e. th e  d is tan ce  tra v e rse d  b y  th e  H +-ions d u r in g  th e ir  m ean life tim e shou ld  
h e  con sid erab ly  g re a te r  th a n  th e  diffuse p a r t  o f  th e  elec tric  double  la y e r  (Ő):

/i ► в (11)

T he m in im al v a lu e  o f  th e  b u lk  anion c o n c e n tra tio n  is 10“ 2 M , o therw ise  th e  
co n c e n tra tio n  o f th e  an ions in  th e  reaction  la y e r  [A ~ ]M w ould d iffer con sid er
ab ly  from  th a t  in  th e  so lu tio n . A t these  r e la tiv e ly  sm all co n cen tra tio n s  th e  
effective th ick n ess  o f  th e  reac tio n  layer is sm a ll, re la tio n sh ip  (11) obeys on ly  
in  m ore c o n c e n tra te d  su p p o rtin g  e lec tro ly te . T h e  b e s t resu lts  h av e  been  ob 
ta in e d  in 1.9 M  LiCl. In  th is  case

U f D h +
у  12 4 .9 4 X 1 0 - 6 1/2

=  3 .7 x 1 0  7 cm
k [ A - ] I _ 1.6 X 10'* X 2.3 x  10~ 2

1000 e/cT 1/2 1 1000 X 3£ X 5 x  1 .38 x  1 0 - le 298

8 e20 N A I " l 8 x  3.14(4.8 x  10- 10)2 6.023 X Ю23 X 1.93

=  1 .4 X 1 0 ~8 cm , re sp e c tiv e ly . T he sym bols h a v e  th e ir  u su a l m ean ing  [6].

Experimental

B enzoic acid and ten  derivatives were investiga ted  in 2 X 10 ~3 M  concentration in 
1.9 M  LiCl in 85% aqueous ethanol (to decrease the stren gth  o f  the acids) at 25° in the presence  
o f either azobenzene (2.5 X 1 0 -3 ), or p-nitraniline (2.0 x  1 0 -3  M ), (m ediators). The support
ing electrolyte contained the respective Na-salts o f the acids in 2.3 X 10~3 M  concentration. 
The reduction w aves o f the organic mediators have been recorded w ith  an LP-55 T ype Pola- 
rograph using an EZ-2 T ype recorder. A water-jacketed H -ce ll was used w ith a S.C.E. reference 
electrode and an agar bridge containing sat. K.C1. In th e  course of the corresponding experi
m ents the drop tim e varied betw een 2.30 and 4.70 s. C onstant ■working tem perature o f 2 5 ;t  
0.05 °C was assured using an U -10 Type thermostat. T he a c id ity  constants in the conditions  
o f our experim ents were determ ined potentiom etrically using a Präcitronic MV 85 electronic  
potentiom eter (Dresden).
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R esu lts  an d  D iscussion

T h e  dissociation r a te  c o n s ta n t  has been  com p u ted  from  e q u a tio n  (3) 
u s in g  th e  d ro p  tim e m eth o d  [2 ] : th e  v a r ia tio n  o f  th e  k in e tic  c u rre n t ( f ir s t  w ave) 
b e in g  fo llow ed  as a fu n c tio n  o f  d ro p  tim e  ( th e  sam e cap illa ry ), (F ig . 2). In  th is

F ig. 2 . T he  variation of the k in etic  current o f  p-nitraniline (first w ave) in  th e  presence of 
b en zo ic  acid  as a function of drop tim e. Drop tim es in  s: 1 — 4.71; 2 — 4.21; 3 — 3.75; 4 — 3.10;

5 — 2.60; 6  -  2.30

case

a n d  since

e q u a t io n  (3) becom es:

к  =  co n st. m 2l3t{l6 

m tl =  const.

it]!“1 =  co n t. [A~]
0.87 M { K a fcd)i/2

( 12)

(13)

(14)

F ig . 3. Variation of it} / 2 a a fu n ctio n  of i (equation 14) for the p-nitraniline — benzoic acid
system

T h u s  k d can  be ca lcu la ted  f ro m  th e  slope o f  th e  line i t112 vs. i. (F ig . 3). The 
e x p e r im e n ta l  d a ta  o b ta in e d  a re  given in  T ab les  I  and  I I ,  re sp ec tiv e ly .
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Table I

Experimental data obtained in the presence o f azobenzene

R CeH4 COOH 
R

ilj/*
(Equation 14)

Statistical data

r s„

H (1.23 ±  0.22)»' ±  (8.73 ±  0.62) - 0 .9 5 6 ± 0 .1 1 3

2-Cl - (0.596 ±  0.069)i +  (7.47 ±  0.21) 0.980 ± 0 .0 3 3

4-C1 -  (0.665 ±  0.018)» ±  (9.57 ±  0.071) -0 .9 9 9 3 ± 0 . 0 1 1

4-Br - ( 0 .5 8 5  ±  0.095)» +  (6.84 ±  0.28) 0.962 ± 0 .0 5 7

2-CH3 - ( 0 .8 5 1  ±  0.083)» ±  (11.64 ±  0.35) - 0 .9 8 6 ± 0 .0 5 8

З-СН3 (1.490 ±  0 .063)»'± (9.54 ±  0.19) 0.9965 ± 0 .0 3 4

4 -CH3 - ( 2 .4 0 2  ±  0.092)» ±  (15.05 ±  0.32) 0.9978 ± 0 .0 3 3

3-OII (0.885 ±  0.025)» +  (9.93 ±  0.091) - 0 .9 9 8 4 ± 0 .0 1 5

4-ОИ (3.84 ±  0.12)» ±  (15.29 ±  0.31) -0 .9 9 8 2 ± 0 .0 3 1

4-OCII3 (3.07 ±  0.24)» +  (12.83 ±  0.64) 0.991 ± 0 .0 7 2

2-NH 2 - ( 1 .2 2  ±  0.31)»' +  (8.56 ±  0.86) - 0 .9 4 0 ± 0 . 1 0 1

3-NH , (2.10 ±  0.18)i +  (21.30 ±  0.96) 0.986 ± 0 .1 2 8

4-N H 2 -  (3.55 ±  0.24)»’ +  (14.23 ±  0.62) 0.9955 ± 0 .0 3 3

Table II

E xperim ental data obtained in the presence o f  p-nitraniline

R CgH, COOH i«;/*
(Equation 14)

Statistical data

r s.

H (1.304 ±  0.096)» ±  (19.26 ±  0.59) 0.981 ± 0 .1 0 7

2-Cl (0.41 ±  0.11)i ±  (18.63 ±  0.91) - 0 .9 1 0 ± 0 .4 1 0

4-C1 - (0.622 ±  0.080)» ±  (24.59 ±  0.79) 0.968 ± 0 .1 3 9

4-Br -  (0.562 ±  0.018)» ±  (12.766 ±  0.097) 0.998 ± 0 . 0 2 0

2-CH., - ( 0 .8 7  ±  0.11)» ±  (17.81 ±  0.74) 0.968 ± 0 .1 4 6

З-СН3 (1.414 ±  0.052)» ±  (17.91 ±  0.31) - 0 .9 9 8 ± 0 .0 4 4

4-CH, - ( 2 .1 9  ±  0.25)» ±  (18.03 ±  0.15) 0.9803 ± 0 . 1 0 0

3-OH (0.875 ±  0.066)» ±  (13.76 ±  0.34) - 0 .9 8 8 9 ± 0 .0 6 6

4 -0 II (4.25 ±  0.48)» ±  (29.03 ±  2.30) 0.9815 ± 0 .1 4 7

4 -OCH3 - ( 3 .0 4  ±  0.16)» +  (39.12 ±  1.31) - 0 .9 9 4 ± 0 .1 4

2-NHj - ( 2 .0 7  ±  0.23)i ±  (22.77 ±  1.34) - 0 .9 7 1 ± 0 .1 9 3

3-NH 2 (2.06 ±  0 .12)i ±  (30.04 ±  0.91) - 0 .9 7 1 ± 0 .1 2 9

4-NIIj (2.91 ±  0.27)»’ ±  (14.68 ±  1.47) 0.9871 ± 0 .0 8 0
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I n  o rd e r to  ca lcu la te  k d fro m  eq u a tio n s  (14) an d  (7) th e  v a lu es  o f  th e  
d iffu s io n  coefficients D HA a n d  D H+ m u st be k n o w n . T he fo rm er h as  b een  ca l
c u la te d  fro m  the  E in s te in — S m oluchow sk i e q u a tio n :

n  _  2 .9 6 x 1 0 - ’

HA—

7] b e in g  de term ined  w ith  a H ö p p le r  v isco sim eter. D H+ w as also d e te rm in ed  
e x p e r im e n ta lly  from  th e  re d u c tio n  w aves o f  th e  H +-ions o f HC1 so lu tio n s in  th e  
sa m e  m ed iu m , using th e  I lk o v ic  eq u a tio n :

i =  (2.864 ±  0 .0 7 0 )x l 0 - 3c —  (0.53 ±  0 .2 1 ) x l0 - «  
r =  0 .9980 S 0 =  ±  0 .2 7 X 1 0 -6

(i a n d  S 0 in  pA ; c in  m ol/1). F ro m  th e  slope o f  th e  regression  line th e  v a lu e  of 
D H+ =  4 .9 4 X 10~6 cm 2s _1 h a s  been  ca lcu la ted . T h e  ra te  c o n s ta n t va lues 
o b ta in e d , to g e th er w ith  th e  d iffu sion  coeffic ien t an d  th e  ac id ity  c o n s ta n t values 
(d e te rm in e d  p o te n tio m e tric a lly ) , re sp ec tiv e ly , a re  g iven  in  T ab le  I I I .  T h e  cor
r e la t io n  betw een  th e  r a te  c o n s ta n ts  an d  c o n s titu tio n  is re flec ted  b y  th e  lin ea r 
r e la t io n s h ip  betw een K a, k d o r  k r an d  th e  su b s ti tu t io n  coefficien t [7], resp ec
t iv e ly  (F ig . 4):

Table HI

Experimental diffusion  coefficient, acidity constant and rate constant values 

Indexes A and N  refer to  azobenzene and/or p-nitraniline, respectively

R - C , H 4-COOH
R

Пнд •cm2s_1
К л • 10« 

Ml- 1
kdlA) ' 10 • 

8 ~1
*r(A) • Ю-» 

M- 1 Is- 1
kHS) • 10-• 

8 —1 *r(N) * 10 “* М-Чв-1

H 1 . 8 8 8 2 . 1 2 3.54 1.67 3.22 1.52
2-Cl 1.854 19.16 0.63 0.034 3.49 0.18
4-C1 1.853 4.45 5.79 1.30 6.62 1.49
4-B r 1.830 4.28 7.69 1.80 6.19 1.45
2-CH 3 1.696 1.92 7.34 3.82 7.20 3.75
3-CH 3 1.714 1.76 2.70 1.53 3.00 1.70
4 -CH 3 1.714 1.27 1.44 1.13 1.73 1.36
2-O H 1.890 81.64 — — — —

3-O H 1.903 2.79 5.36 1.92 5.48 1.96

4-O H 1.980 0.61 1.26 2.07 1.03 1.69
4 -OCH 3 1.805 0.93 1.27 1.37 1.30 1.40
2 -N H 2 1.919 0.62 1.30 2.13 0.45 0.74

3 -N H 2 1.924 1.37 1.97 1.44 2.03 1.48
4-N H j 1.924 0.32 1.14 3.57 1.71 5.33
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F ig. 4. log fcd - a (substituent constant) dependence. Mediators used: A — azobenzene; 
В — p-nitraniline. The compound investigated (R  in R —CeH4 —COOH); 1 — H ; 2 — 4 Cl;

3 - 4 Br; 4 - 3  CHS; 5 — 4 CH3; 6 — 3 N H 2; 7 - 4  NH,; 8 - 3  OH; 9 - 4  OH;
1 0 - 4  OCH3

lg K a =  (0.987 ±  0.058) lg  K d(N) -  (9.06 ±  0.20) 
r =  0.987 S 0 =  ±  0.049

lg K a =  (0.947 ±  0.098) lg  K d(A) -  (9.01 ±  0.34) 
r =  0.963 S 0 =  ±  0.083

lg K a =  (1.329 ±  0.035)cr —  (6.03 ±  0.10) 
r =  0.9979 S 0 =  ±  0.026

lg k d(N) =  (1.386 ±  0.065)cr +  (3.516 ±  0.013) 
r =  0.9924 S 0 =  ±  0.039

lg fcd(A) =  (1.37 ±  0.12)<r +  (3.517 ±  0.025) 
r =  0.975 S 0 =  ±  0.072

T h e  re a c tio n  c o n s ta n ts  ca lcu la ted  from  th e  slope o f th e  reg ression  lines have 
a p p ro p ia te  va lu es: Pks =  1.33; g&d(N) =  1-37. This is co n sis ten t w ith  th e  fac t 
t h a t  th e  meta an d  para  s u b s ti tu te d  b enzo ic  acid  derivatives m a n ife s t  a  no rm al 
b e h a v io u r  [8 ], i.e. th e  r a te  d e te rm in in g  s te p  o f th e  reco m b in a tio n  is  th e  d iffu 
s ion -con tro lled  m u tu a l a p p ro ach  o f th e  H + an d  A -  ions, re sp e c tiv e ly , u n til  a 
c r itic a l d is tan ce  w ith  th e  fo rm a tio n  o f  a so-called  la te n t io n -p a ir  (H  + aqA ~ ). 
T h e  co rrespond ing  ra te  c o n s ta n t is p ra c tic a lly  iden tica l for all th e  d e r iv a tiv e s
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in v e s tig a te d  (kv =  1.60 X 109M _1ls _1), regard less o f  th e  su b s titu en t an d  th e  
n a tu r e  o f th e  m ed ia to r  o rg a n ic  com pound u sed . D e v ia tio n s  from  th e  K a —  k d 
p a ra lle lism  appear ow ing  to  th e  orto-effect o f so m e su b s titu e n ts  (o-Cl, o -N H ,), 
as w ell as in th e  case o f  p - N H 2 benzoic acid . S a licy lic  acid  can n o t be in v e s ti
g a te d  b y  th is  m eth o d , since  i t s  p K a is lower th a n  5.

T he sm aller v a lu e  fo r  k r ob tained  in 1.9 M  L iC l, com pared  w ith  th a t  d e 
te rm in e d  in 0.05 M  L iCl (k r =  2 .3 5 X 1010 M - 1l s _1) is due to  th e  in c reased  
v isc o s ity  of the  fo rm er so lu tio n , as well as to  th e  d e s tru c tio n  of th e  n o rm a l 
s t ru c tu re  of w ater, w h ich  in m ore  co ncen tra ted  L iC l so lu tions ()>1 M )  is a p p re 
c iab le  [9]. Beside th is , L i + -ions owing to  th e ir  h ig h  charge  density , e x e r t a 
s tro n g  po lariza tion  e ffec t o n  th e  carboxyl g roup . C o n tra ry  to  th e  ex p ec ta tio n s  
th e  k á values are a p p ro x im a te ly  th ree tim es sm a lle r  th a n  those o b ta in ed  in
0 .05 M  LiCl. The o b se rv e d  lin ea r  correlation  b e tw e e n  th e  dissociation  r a te  
c o n s ta n ts  and the  s u b s t i tu e n t  constan ts a o f th e  w eak  acids, as well as th e  
f a c t  t h a t  th e  reac tio n  r a te  c o n s ta n ts  (g) o b ta in e d  a re  n ea rly  in d ep en d en t on 
th e  m e d ia to r  used in d ic a te , t h a t  in this case, f ro m  th e  chem ical steps p ro ceed 
in g  th e  electrode re a c tio n , th e  dissociation o f  th e  w eak  acid is ra te  d e te rm in 
in g . I f  th e  p ro to n a tio n  o f  th e  m ediator w ould  b e  th e  ra te  de term in ing  s te p  
(M a ir a n o v s k ii [10]), th e  p a ra m e te rs  of th e  k in e tic  c u rre n t would depend  on 
th e  n a tu re  of the  m e d ia to r  u sed , and not on t h a t  o f  th e  w eak acid.

[1] T ő k é s , В., Gy á r fá s , É ., K é k e d y , L.: Z. phys. Chem. 260 , 1 (1979)
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The anodic d issolution of copper has been studied  by m eans o f a rotating ring 
disc electrode in  diphosphate media at pH  8 . 6  and 4.8. The ionization o f copper occurs 
in a stepwise m echanism , under the conditions stu d ied , i.e. in two one-electron steps. 
The changes hereby ensuing in pH  and in the com position  of the com plex which partic
ipates in the reaction  significantly affect the k in etics o f the process.

Copper b a th s  w h ich  co n ta in  d ip h o sp h a te  (p y ro p h o sp h a te )  are  used  ex 
te n s iv e ly  in recen t y e a rs . A ccordingly , q u ite  a n u m b e r  o f com m u n ica tio n s [1, 
2 ] deals w ith  th e  d e ta ils  o f th e  ca thod ic  p rocess th a t  occurs in  d ip h o sp h a te  
b a th s ;  w ith  its  m ech an ism  an d  also w ith  th e  v a r io u s  p a ra m e te rs  w hich affect 
th is  process. C o m p ara tiv e ly  few in  n u m b er a re  th e  p ap ers  w hich  discuss th e  
ano d ic  process in  th is  b a th  [1, 3, 4]. These p a p e rs  dea l ch iefly  w ith  th e  p ass iv a 
tio n  o f  copper anodes, re sp ec tiv e ly , w ith  th e  p re v e n tio n  o f th is , in  a d ip h o sp h a te  
m ed ium .

No d a ta  in th e  l i te ra tu re  revea l w h e th e r th e  anod ic  d isso lu tion  of copper 
in  d ip h o sp h a te  m ed ia  occurs, like in  su lp h u ric  ac id  [5] or in  p e rch lo ra te  [6 ], 
as tw o  one-electron  s te p s  in  series, th e re fo re  th e  s tu d y  of th is  p o in t has 
b een  th e  aim  o f th e  p re se n t in v estiga tions.

A ro ta tin g  r in g  disc e lectrode was used  in  th e se  ex p e rim en ts . T he disc 
e lec tro d e  was m ade o f  e lec tro -d ep o sited  copper, th e  rin g  e lec trode  w as p la tin u m . 
T h e  rad iu s  of th e  d isc e lec tro d e  was 0.25 cm . T h e  chem icals used  w ere a n a ly ti
ca lly  pure .

T he glass a p p a ra tu s  w as one described  in  an  ea rlie r p a p e r [7]. M easure
m e n ts  were carried  o u t p o te n tio s ta tic a lly  b y  m ean s  o f a double  p o te n tio s ta t . 
T h e  electrode p o te n tia ls  g iven  below  refer to  n o rm a l calom el e lec trode  p o te n 
tia l.

T he te s ts  w ere c a rr ie d  o u t in m ix tu res  o f a 0.5 m ol • d m -3  so lu tion  of 
K 4P 20 7 and a 0.25 m ol • d m -3  so lu tion  o f K 2SO.,, a t  p H  8.6 an d  4.8 . S u lphuric  
ac id  w as used to  a d ju s t  th e  p H  of th e  m ed ium  to  4.8. M ost o f th e  ex p e rim en t, 
w ere carried  o u t a t  p H  8.6 since th is  is th e  p H  o f  th e  d ip h o sp h a te  so lu tions 
u sed  in  in d u str ia l p ra c tic e  [1].
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R esults

P o la riz a tio n  curves re c o rd e d  in  th e  p H  8.6 so lu tio n , a t 20 , 40, and  
60 °C , a t  520 r.p .m . are  show n  in  F ig . 1. As ex p ec ted , th e  r a te  o f an o d ic  d isso 
lu t io n  a t  th e  sam e e p o te n tia l  o f th e  e lec trode  increases w ith  te m p e ra tu re . 
T h e  in i t i a l  sections o f th e  c u rv e s  are  lin ea r; th e  T afel c o n s ta n ts  b v a ry  b e tw een  
45 m V  (20 °C) and 50 m V  (60 °C). W ith  h ig h er c u rre n t in te n s itie s  th e  cu rves 
w ill d e v ia te  tow ards th e  o rd in a te ;  a t  h ig h er e lec trode  p o te n tia ls  e p a ss iv a tio n  
o c c u rs . A  v a ria tio n  o f th e  n u m b e r  o f  rev o lu tio n s o f th e  disc e lec tro d e  does n o t 
a f fe c t th e  shape of th e  cu rv es .

F ig u re  2 shows th e  ch an g es  o f th e  o x id a tio n  lim itin g  c u rre n t I R a t  th e  ring  
in  a  fu n c tio n  of anodic disc c u r re n t ,  a t  60 °C and  a t  v a rio u s r .p .m . o f  th e  elec-

F ig . 1. Polarization curves on copper disc electrode at 520 r.p .m . at different tem peratures 
20 °C(1) 40 °C(2) 60 °C(3) th e  com position  of solution 0.5 m ol • dm - 3  K 4 P 2 0 7  +  0.25

m ol • dm - 3 . pH  =  8 . 6

F ig. 2 . O xidation  lim iting current on the ring electrode vs. anodic disc current”at pH  =  8 . 6  
and 60 °C. R .p.m . were 140 m in - 1  (1), 290 m in - 1  (2), 520 m in - 1  (3), and 1080 m in - 1  (4) the  

com position of solution: 0.5 m ol • dm - 3  K 4 P2 0 7 -(- 0.25 mol • dm - 3  K 2 S 0 4

Acta Chim. Acad. Sei. Hung. 102, 1979



ASTAKHOVA e t al.: ANODIC D ISSO LU TIO N  OF COPPER 153

Ig Id

Fig. 3. Polarization curves on a copper disc electrode at pH  =  4.8 and 40 °C. R .p .m . were 
140 m in - 1  (1), 520 m in - 1  (2), and 1080 m in - 1  (3) the com position of solution  0.5 m ol • dm - 3

K 4 P 2 0 7  -f- 0.25 mol • dm - 3  K 2 S 0 4

tro d e . T he curves b e long ing  to  th e  various r .p .m . do n o t co incide: th e  lim itin g  
c u rre n ts  increases a t  h ig h e r r .p .m . The I R vs I  curves a p p ro x im a te  a course 
p a ra lle l to  th e  abscissa  a t  an  in te n s ity  va lu e  w here  th e  e vs lg I  c u rv e  dev ia tes  
fro m  th e  lin ear; cf. cu rv e  3 in  F ig . 1. T here  is a co rre la tion  b e tw een  I R an d  I,  
s im ila r to  th a t  show n in  F ig . 2, also a t  low er te m p e ra tu re s , b u t  th e  lim itin g  
c u rre n ts  I R are sm aller a n d  c an n o t be m easu red  accu ra te ly .

P o la riza tio n  cu rves fo r  p H  4.8 a t 40 °C an d  a t  various r .p .m . a re  show n 
in  F ig . 3. These a re  sh if te d  to w ard s m ore  n eg a tiv e  p o te n tia ls  w h e n  r.p .m . 
increases. This suggests t h a t  th e  k inetics o f  anod ic  d isso lu tion  is a ffe c ted  also 
b y  d iffusion  process.

Also I R values h a v e  been  d e te rm in ed  an d  found  to  be low er b y  a fac to r 
o f  5 a t  p H  4.8 th a n  a t  p H  8 .6 , o th e r  co n d itio n s being  equal. W h en  I  =  3 . . .  4 
m A , I R =  1 . . .  3 /j.A, th e re fo re  I R figu res a re  n o t well re p ro d u c ib le : y e t  i t  is 
c e r ta in  th a t  w ith  h ig h e r disc c u rre n t also I R increases.

D iscussion

T h a t copper is d isso lved  b y  a stepw ise m echan ism  also in  d ip h o sp h a te  
m ed ia  [8] is suggested  b y  th e  ex p erim en ta l re su lts  given on F ig u re s  1 an d  2; 
n o ta b ly  b y  th e  slopes o f  th e  p o la riza tio n  cu rv es  an d  b y  th e  d ep en d en ce  o f the  
lim itin g  c u rren t a t  th e  r in g  as a fu n c tio n  o f th e  disc c u rre n t, on  th e  r .p .m . of 
th e  e lectrode. The v e ry  low  lim itin g  c u rre n t m easu red  on th e  r in g  e lec trode  
suggests th a t  th e  ra te  o f  d iffusion  of C u + ions, or th a t  o f th e  C u + -com plex , 
in to  th e  bu lk  o f th e  so lu tio n  is m uch  low er th a n  th e  ra te  of o x id a tio n  o f  C u + to  
C u T +.

T he p o la riza tio n  cu rv e  o f a m eta l io n iza tio n  process w hich  p ro ceed s in 
tw o  one e lectron  s tep s , i f  th e  so lu tion  does n o t  co n ta in  th e  ions o f  th e  given
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m e ta l ,  is described, fo r th e  co n d itions ju s t  e x p la in e d , b y  th e  follow ing co rre 
la t io n  [8 ]:

7 =
2 fca, K ,

1 +  - Ы -
X ,

( 1 )

w h e re  j  s tands for c u r re n t d e n s ity ;  fca;, /ck. s ta n d  fo r th e  ra te  co n stan ts  o f  th e  
i th a n o d ic  and  ca todic  c h a rg e  tran sfe r processes ( i  =  1, 2 ), X 2 s tan d s  fo r th e  
r a te  c o n s ta n t of d iffusion  o f  th e  Cu2+-com plex. In  th e  case of a ro ta t in g  disc 
e le c tro d e  th is  is

X 2 =  0 .62 D%3 v - 1'*
/ 2л
I 60

1/2/ 1/2 =  X ^ f 1'2 ( 2 )

w h e re  D 2 is the  diffusion co e ffic ien t of th e  g iven  m e ta l ion ; v is th e  k in e m a tic  
v is c o s ity  o f the  so lu tion ; a n d / i s  th e  r.p .m . of th e  e lec tro d e . T he ra te  c o n s ta n ts  
o f  th e  e lem en ta ry  re a c tio n  s te p s  depend on th e  e lec tro d e  p o ten tia ls  as follow s.

k aj — k ai ex p  -
a, F b

k ki =  К ,  ex p  —

R T

(1 * /)Fe
R T

£ =  1 ,2

(3)

w h e re  k'B{ and k'k( are th e  re sp e c tiv e  ra te  c o n s ta n ts  w h en  s =  0 , th u s  th e ir  v a lu e  
d e p e n d s  also on th e  re fe re n ce  electrode u sed ; a (- is th e  tra n sfe r  co effic ien t, 
th e  o th e r  sym bols are  u su a l.

T h e  shape of th e  p o la r iz a tio n  curves re c o rd e d  a t  p H  8.6 is in v a r ia n t  to  
c h a n g e s  o f r.p .m . of th e  e le c tro d e , th is p ro m p ts  th e  conclusion  th a t

K , < X 2 . (4)

A t n o t too high an o d ic  c u r re n t  densities th e  T a fe l c o n s ta n t b o f th e  p o la r 
iz a t io n  curves varies b e tw e e n  45 mV and 50 m V  in  th e  fu n c tio n  of te m p e ra tu re . 
T h is  in d ic a te s  th a t

K t >  К  • (5)

T h u s , under given c o n d itio n s , the e q u a tio n  o f  th e  p o la riza tio n  cu rv e  can 
b e  w r i t te n ,  on the  basis o f  co rre la tio n s  (1) an d  (3), as

R T

(1 +  «2) F
lg

K ,  
k a, kaa

+
R T

(1 +  *2) F
In

E x p e r im e n ta l  resu lts g ive a 2 =  0.29 — 0.32.

( 6)
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In s te a d  o f th e  in e q u a lity  (5),

fckl <§ K ,  (?)

is rea lized  w hen anod ic  p o la riza tio n  is in c rea sed , because th e  p o te n tia l  is sh ifted  
to w a rd s  th e  p o sitiv e  d irec tio n . T hus, in  co n fo rm ity  w ith  co rre la tio n s  ( I )  and
(3), th e  p o la riza tio n  curves becom es s te e p e r. I t  m u st be n o ted , h o w ever, th a t  
th is  is n o t th e  o n ly  cause w hy th e  p o la r iz a tio n  curve  becom es s te e p e r  in  th e  
case h ere  s tu d ie d  b u t  also because th e  p a ss iv a tio n  o f th e  m e ta l su rface  begins, 
as a lre a d y  m en tio n ed .

Also th e  p o la riza tio n  curve  reco rded  a t  p H  4.6 can be in te rp re te d  in  te rm s 
o f a stepw ise m echan ism , on th e  basis o f  th e  E q . (1). T h a t th e  p o la riz a tio n  
cu rv e  is effected  b y  th e  r .p .m . o f  th e  e lec tro d e  suggests th a t  in e q u a lity  (4) 
a re  n o t fu lfilled  and  th a t

^k, <■'* ^ 2  (8)

I t  is supposed  th a t  in e q u a lity  (5) su b s is t also in  th is  in s ta n t  i f  anod ic  
p o la riza tio n  is n o t to o  g rea t. A t an y  fu r th e r  increase  of anodic  p o la riz a tio n  
co rre la tio n  (1) does n o t suffice an y  m ore. T h e n  k in e tics  is affected  m o s t p ro b 
ab ly  b y  th e  so lu b ility  o f th e  com plex  fo rm ed  a t th e  anode su rface  an d  b y  
th e  p a r t ia l  b locking  o f  th e  e lectrode su rface  w ith  th e  p re c ip ita te d  s a lt  lay e r.

T he com parison  o f th e  p o la riza tio n  cu rv es belonging to  40 °C, show n in 
F igs 1 and  3, allow  also th e  s ta te m e n t th a t ,  p o ten tia ls  being th e  sam e, th e  
io n iza tio n  of copper proceeds a t  a h ig h er r a te  a t  p H  8.6 th a n  a t  p H  4.8. A c
co rd in g  to  ex p e rim en ta l d a ta  (cf. F ig . 3), th e  io n iza tion  of co p p er occurs a t 
m ore p ositive  p o te n tia ls  w hen p H  is 4 .8 , a n d  th e  exchange c u r re n t o f  th is  
p rocess is h igher th a n  in  a so lu tion  of p H  8 .6 . Also in eq u a lity  (8) re fe rs  to  th is , 
an d  is in  accordance  w ith  th e  s ta te m e n t [10] th a t  p ro to n a te d  com plexes are  
m ore  easily  reducib le  th a n  th e  u n p ro to n a te d  ones. A ccording to  d a ta  in  th e  
l i te ra tu re  [11] th e  copper com plex fo rm ed  in  d ip h o sp h a te  so lu tions a t  p H  4.8 
co nsist ch iefly  of

CuH2(P20 7)2-
an d  a t  p H  8 .6 , of

Cu(Ps0 7)‘ -
ions on ly .

T h u s  ex p e rim en ta l resu lts  show  th a t  th e  ra te  of th e  c a th o d e  process 
increases and  th a t  o f  th e  anode process decreases in  consequence o f th e  p ro to 
n a tio n  o f th e  d ip h o sp h a te  (w ith  th e  decrease o f  p H ).

E x p e rim e n ta l d a ta  suggest th a t  th e  io n iza tio n  of copper also in  d ip h o s
p h a te  m ed ia  ta k e s  p lace  in  tw o one-e lec tron  s tep s . T he details o f th is  m ech a 
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n ism  c a n n o t be c la rified  on th e  basis of av a ilab le  d a ta .  T hus, for in s ta n c e , i t  
can  b e  su rm ised  th a t  th e  ad so rp tio n  o f th e  lig an d  p recedes th e  charge tra n s fe r  
an d  t h a t  th e  s ta b le  copper com plex  in  th e  so lu tio n  is form ed in  a chem ica l 
re a c tio n  coup led  w ith  th e  ch a rg e  tra n s fe r  [9] p rocess.
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DETERMINATION OF KUHN-MARK-HOUWINK 
CONSTANTS FOR SEVERAL POLYMERS AND 
THEIR APPLICATION IN GEL PERMEATION 

CHROMATOGRAPHY
G. S a m a y

(Research Institu te fo r  P lastics Industry, Budapest)

R eceived Septem ber 8 , 1978 
Accepted for publication  N ovem ber 21, 1978

Intrinsic v iscosity  vs. m olecular w eight relations are reported for several polym er 
typ es, measured under conditions pertinent to routine gel perm ation chrom atography. 
In possession o f the data, the un iversa lity  o f  tw o calibrating m ethods in gel perm eation  
chrom atography could be confirmed.

T h e easiest w ay  to  d e te rm in e  th e  m o lecu la r w eight o f a m ac ro m o lecu la r 
m a te r ia l is to  m easu re  th e  in tr in s ic  v isc o s ity  o f  th e  sam ple a n d  c a lc u la te  th e  
m o lecu la r w eigh t v ia  th e  K U H N -M A R K -H O U W IN K  re la tio n :

M  =  (1)

w here  К  an d  a a re  c o n s ta n ts  a t  a g iven  te m p e ra tu re  in th e  so lv e n t u sed . T hese 
c o n s ta n ts  (often  called  th e  K M H -co n stan ts)  a re  enum era ted  in  in te rn a tio n a l  
ta b le s  [1] or m onographs [2] fo r m a n y  p o ly m e r types u n d e r d if fe re n t cond i
tio n s , th e re fo re , th e  ro u tin e  e s tim a tio n  o f  th e  m olecular w eigh t a v e ra g e  o f th e  
m o st f re q u e n tly  used polym ers is easy  fo r  th e  in d u s tr ia l la b o ra to rie s . T h e  m olec
u la r  w eigh t average  o b ta in ed  is th e  so ca lled  v isco sity -av erag e  m o lecu la r 
w eigh t an d  is defined  as:

M V

/
( 2)

T his average  falls be tw een  th e  w e igh t- a n d  th e  n u m b er-av erag e  m o lecu la r 
w eigh ts o f  th e  po lyd isperse  sam ple, a n d  i f  th e  p o lyd ispersity  is n o t  h ig h , it  
is ro u g h ly  equal to  th e  w eigh t av erag e . H a v in g  no K M H -co n stan ts  a t  d isposal 
fo r th e  m a te r ia l te s te d , th e y  can be d e te rm in e d  by  abso lu te m e a su re m e n ts  of 
th e  m o lecu la r w eigh t and  th e  in tr in s ic  v isc o s ity  o f several fra c tio n s  o f  th e  p o ly 
m er an d , accord ing  to  E q . (1), th e  log [tj] vs. log  M  p lo t y ields th e  d es ired  fac
to rs  (th e  slope o f th e  s tra ig h t line is a, w hile  th e  in te rcep t gives log  K ) .

T he K M H -co n stan ts  are  o ften  u sed  in  th e  p ractice  o f  gel p e rm e a tio n  
c h ro m a to g rap h y . T he un iv ersa l c a lib ra tio n  accord ing  to  B e n o i t  [ 3 ]  applies 
th e  p ro d u c t o f th e  m o lecu lar w eight an d  th e  in trin sic  v iscosity  o f  th e  sam ples.
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H en ce  th e  m olecular w e ig h t can  be d irec tly  o b ta in e d  i f  th e  K M H -co n stan ts  
a re  k n o w n  for th e  m a te r ia l  ex am in ed  by  G PC . F o r  th is  reason , m any  m e a su re 
m e n ts  w ere carried  o u t in  th e  la s t  years to  o b ta in  K M H -co n stan ts  for th e  co n 
d itio n s  w hich  are m o st f re q u e n tly  used in  gel p e rm e a tio n  ch ro m a to g rap h y  
[ te tra h y d ro fu ra n  (T H F ), 298  К  and  1 .2 ,4 -trich lo rb en zen e  (TCB), 403 К ] .

T h e  aim  of th is  w o rk  is  to  rep o rt on se v e ra l series of m easu rem en ts  in  
G P C -so lv en ts  and  give e x p e rim e n ta l K M H -c o n s ta n ts  fo r fu rth e r  use. O n th e  
b as is  o f  v iscom etric  d a ta  a lso  th e  u n iv e rsa lity  o f  th e  “ un iversa l”  c a lib ra tio n s  
u se d  in  GPC could be  co n firm ed .

Experim ental

Viscometry

The viscosities were m easured  by a m odified U b beloh d e-typ e  capillary viscom eter; 
th e  geom etry of this device w as chosen so that the d yn am ic factors could be neglected. (The 
len g th  o f  the capillary was 20 cm  and  the inner diam eter 0.3 m m .) T he volum e of the m easuring  
bulb  w as 1 cm 3. Thus quantities o f  solutions as small as 3 cm 3  could  be tested in this apparatus. 
D ilu tion s were carried out in  th e  solution reservoir o f th e  dev ice . The tim es of effusion were 
m easured at four concentrations: 0 .5—0.4—0.3— 0.2 g /100 cm 3, and the viscosity num bers 
(sp ec ific  v iscosity  per  concen tration ) were plotted against th e  concentration and extrapolated  
to  zero concentration b y  a least-squares method.

The m easurem ents were perform ed in therm ostated  v esse ls  in  T H F solution at 298 К  
and in  TCB solution at 403 K . T he KM H -constants were ob ta in ed  by linear regression o f  the  
log [tj] v s . log M  values o f th e  fractions. The calculations w ere performed on a H P  9830 pro
gram m able calculator.

Gel Permeation Chromatography

The GPC m easurem ents w ere performed in tw o GPC instum ents. A W A TER S GPC 
200 apparatus worked at 403 К  w ith  TCB solvent equipped w ith  5 Styragel columns (6.5 X 103, 
2.5 X 103, 9 X 102, 100, 25 nm ). T he GPC runs at am bient tem perature were performed in an  
apparatus constructed in  th is  In stitu te  using T H F  as a so lv en t and three Styragel colum ns 
(104, 103  and 3 X 10! nm  resp ectively ). The volum e o f th e  syp h on  counter was 5 cm 3  in the  
form er apparatus and 1.67 cm 3  in  the latter; the flow  rate w as 1 cm 3/m in in each case.

M aterials

T he T H F  solvent w as o f R E A N A L  analytical grade and  w as distilled from CuCl crystals  
to  destroy  its possible peroxide conten t. TCB was purchased from  M ONTEDISON in “ puro 
erba reagente” quality. I t  w as u sed  without further pu rifica tion , using “ Santonox R ”  as a 
stabilizer.

The polym er m aterials w ere as follows.
Polystyrene fractions o f k n ow n molecular w eights w ere purhased from W A T E R S. The 

polyethy len e  fractions were p roduced  and characterized b y  S .N .P . A. (France). The polypropylene  
fractions were made by B aker-W illiam s fractionation o f an ind ustria l polymer and characterized  
b y  v iscom etry  in tetrahydronaphthalene to estim ate th e  m olecular weights of the fractions. 
(For the K M H -constants for th ese  measurements see R ef. [4 ].) Poly(ra-alkyl m ethacrylate) 
fractions (where alkyl is e th y l, b u th y l and octyl) togeth er w ith  equimolar random and alter
n a tin g  copolym er fractions o f  sty ren e  w ith these alkyl m eth acry la tes were made and character
ized  in  the Institute o f M acrom olecular Chemistry, C zechoslovak Academ y of Sciences; the  
deta iled  characterization o f th ese  fractions was given elsew here [5]. Also the poly(vinyl chloride) 
fractions were delivered b y  th is in stitu te .

For constructing the GPC universal calibration curves, W ATERS polypropylene  
ox ide  fractions and R E A N A L  га-paraffins were used, too .
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R esu lts

K M I I  plots

In  F igs 1, 2 an d  3 th e  log [77] vs. log  M  p lo ts  are show n fo r th e  d iffe ren t 
m e th a c ry la te  hom o- an d  copolym ers, m easu red  in  T H F  a t 298 K . I n  th e  u p p e r 
p a r ts  o f th e  F igu res th e  regression lines a n d  th e  confidence lim its  a re  show n for 
th e  a lte rn a tin g  an d  ran d o m  ty p e  copo lym ers o f  th e  sam e chem ical co m p o sitio n . 
T hese lines show  th a t  on th e  basis o f  o u r m esu rem en ts  no d iffe ren ce  can  be 
o bserved  b e tw een  th e  K M H  p lo ts  fo r th e  tw o  ty p es  o f copo lym ers, th e re fo re , 
a com m on regression  line w as d raw n  fo r  a ll copolym er frac tio n s o f  th e  sam e 
co m position , irre sp ec tiv e  of th e  se q u e n tia l s tru c tu re  o f th e  m olecu les. T hese 
lines are  show n to g e th e r  w ith  th e  m easu red  p o in ts  in  the  low er p a r t  o f  th e  
F igu res to g e th e r  w ith  th e  hom opolym er p o in ts .

In  F ig . 4 th e  d a ta  o f fu r th e r  m e a su re m e n ts  are show n for T H F  a t  298 K , 
viz. th e  K M H  p lo ts  fo r PYC an d  p o ly s ty re n e . F o r com parison , th e  d a ta  for 
p o ly s ty ren e  m easu red  a t  403 К  in  TCB a re  also in d ica ted  to g e th e r  w ith  th e  
confidence lim its  (on a 95%  level o f sign ificance) o f the le a s t-sq u a re s  f i t  to  
th e se  fo u r p o in ts  (d o tte d  line). T he p o in ts  o b ta in e d  a t  403 К  fa ll close to  th e  
o th e r  p o in ts , th e re fo re , i t  can be supposed  t h a t  th e  sam e re la tio n  is  v a lid  for 
b o th  th e  h ig h -te m p e ra tu re  and  lo w -te m p e ra tu re  m easurem ents in  th is  case.

Fig. 1. K uhn-M ark-H om vink plot for poly(ethyl m ethacrylate) (1) and poly(styrene-co-ethyl 
m ethacrylate) alternating (2) and random  (3) copolym ers in T H F at 298 K. T he upper part
shows the regression lines and the confidence in tervals o f  the alternating (-------) and random

(---) copolym ers
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Log M

Fig. 2 . K uhn-M ark-H ouwink plot for poly(butyl m eth acry la te) (1) and po!y(styrene-co-butyl 
m eth a cry la te) alternating (2) and random  (3) copolym ers in  T H F  at 298 K. The upper part
show s th e  regression lines and the confidence intervals o f  th e  alternating (------ ) and random

(---) copolym ers

Log M

F ig. 3. K uhn-M ark-H ouwink p lot for poly(n-octyl m eth acrylate) (1) and poly(styrene-co-n- 
o c ty l m eth acrylate) alternating (2) and random (3) copolym ers in T H F at 298 K. The upper 
part sh ow s the regression lines and the confidence in terva ls o f the two copolym er types:

------- a ltern a tin g ,.........random
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F ig. 4. K uhn-M ark-H ouwink p lot for poly(vinyl chloride) (1) and polystyrene (2) in  T H F  at
298 K . 3 — the points for polystyrene m easured in TCB at 403 K , ------- regression line for
poin ts measured at 298 K , ------- regression line for all polystyrene poin ts, ........ confidence

interval of the regression line for the four high-tem perature polystyrene poin ts

Fig. 5. K uhn-M ark-H ouwink plot m easured at 403 К  in TCB for polyethylene (1), polypropyl
e n e  (2) and polystyrene (3)

H ence a com m on re la tio n  fo r all th e  po in ts  for p o ly s ty ren e  was also  ca lcu la ted  
an d  d raw n  in th e  F ig u re  b y  a d ashed  line.

In  Fig. 5 th e  h ig h - te m p e ra tu re  m easu rem en ts  in  TCB are  i l lu s tr a te d  for 
p o ly e th y len e , p o ly p ro p y len e  an d  p o ly s ty ren e  sam ples.

T he K M H -co n stan ts  to g e th e r  w ith  th e  f(a) va lues in  E q . (3) (see la te r )  
a re  sum m arized  in  T ab le  I .  F o r p o ly s ty ren e  also th e  d a ta  c a lc u la te d  fo r low- 
an d  h ig h -tem p era tu re  m easu rem en ts , are in d ica ted  in  p a ren th ese s .
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Table I

K uhn-M ark-H ouw ink constants and related f ( a )  values

Material a К  102 cm8/g f(a) Conditions

P olystyren e
0.76

(0.74)

0.609

(0.832)
0.6215

Poly(ethyl-m ethacrylate) 0.67 1.549 0.7004

Poly(butyl-m ethacrylate) 0.75 0.503 0.6323 TH F

Poly(octyl-m ethacrylate) 0.56 5.556 0.9000 298 К

S ty ren e /e th y l methacrylate copolym er 0.56 10.500 0.8931

S ty ren e/b u ty l methacrylate copolym er 0.80 0.370 0.5859

S ty ren e /o cty l methacrylate copolym er 0.64 2.394 0.7759

P o Iy(v in y l chloride) 0.70 4.480 0.7047

P olystyren e
0.64

(0.74)

2.80

(0.832)
— TCB

P olypropylene 0.83 0.74 - 403 К

P olyeth y len e 0.67 6.14 —

F o r  th e  com m on p o ly m e r  ty p es  (p o ly s ty ren e , p o ly e th y len e , p o lyv in il 
c h lo r id e  an d  p o lyp ropy lene) som e d a ta  can be fo u n d  in  h an d b o o k s [1, 2 ]. 
T h e  s c a t te r  o f th e  d a ta  re p o r te d  fo r th e  sam e m a te r ia l  u n d e r  th e  sam e cond itions 
is la rg e ;  th u s  our d a ta  can  b e  considered as re liab le  in  com parison  w ith  th e  
l i te r a tu r e  values.

Applica tion  o f  the data fo r  GPC purposes

M an y  a tte m p ts  h a v e  b e e n  m ade in  gel p e rm e a tio n  c h ro m a to g ra p h y  to  
f in d  a u n iv e rsa l c a lib ra tio n  c u rv e , w hich w ould  b e  in d e p e n d e n t o f th e  te s t  m a 
te r ia l .  T w o of th e  m e th o d s  a re  accep ted  and  w id e ly  u sed , n am ely  ca lib ra tio n  
a c c o rd in g  to  B e n o it , w h ere  th e  p ro d u c t of th e  m o lecu la r w eigh t a n d  th e  in 
t r in s ic  v iscosity  is t r e a te d  as a un iversal size p a ra m e te r , an d  th e  Co l l—  
P r u s in o w s k y  [6] c a lib ra tio n , w hich  expresses th e  u n iv e rsa l size p a ra m e te r , 
Q, w i th  th e  help of th e  P ty ts in -E is n e r  eq u a tio n :

Q =  M fo]/f(a) (3)

w h ere

f(a) =  1 -  2 ,63  -2 a ~  1 +  2,86 2°  ~  1- Y  
3 3 j
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Fig. 6. U n iversal c a lib ra tio n  acco rd ing  to  B e n o it  fo r th e  h ig h -te m p era tu re  GPC a p p a ra tu s ;  
1 — p o ly e th y len e , 2 — p o ly sty ren e , 3 — p o ly p ro p y len e , 4 — poly(p ropy lene  ox ide), 5 — n-

p a ra ffin

F i g . 7. Universal calibration according to  B e n o it  — A , and Coll and P r u sin o w s k y  — В for 
the room -tem perature GPC apparatus; 1 — polystyrene, 2 — poly(vinyl chloride), 3 — poly- 
(eth yl m ethacrylate), 4 — poly(butyl m ethacrylate), 5 — poly(n-octyl m ethacrylate), 6  — poly- 
(styrene-co-ethyl m ethacrylate), 7 — poly(styrene-co-butyl m ethacrylate), 8  — poly(styrenc- 

co-n-octyl m ethacrylate), 9 — squalane
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W ith  m an y  d a ta  a t  d isp o sa l, th e  u n iv e rsa lity  o f these  ca lib ra tin g  m eth o d s  
can  b e  co n firm ed . In  F ig . 6 B e n o it ’s u n iv e rsa l c a lib ra tio n  is show n fo r th e  
h ig h - te m p e ra tu re  a p p a ra tu s , w hile  b o th  ty p e s  o f  ca lib ra tio n  curves are  g iven  
fo r th e  lo w -te m p e ra tu re  a p p a ra tu s  in  Fig. 7.

T h e  u n iv e rsa lity  o f B e n o it ’s ca lib ra tio n  b o th  a t  e lev a ted  a n d  a m b ie n t 
te m p e ra tu re s  is c learly  seen f ro m  th e  F igu res, a n d  th e  Co ll— P r u s in o w s k y  
m e th o d  is also confirm ed fo r lo w -te m p e ra tu re s .

O n  th e  basis o f th ese  m e a su re m e n ts , i t  can  be  supposed  th a t  b o th  ca li
b r a t io n s  a re  eq u iva len t from  th e  p o in t o f v iew  o f u n iv e rsa lity , n e rv e rth e less , 
th e y  a re  n o t  eq u iv a len t from  th e  p o in t of v iew  o f th e ir  ap p licab ility . I f  th e  l a t 
te r  m e th o d  is used, also th e  K M H -c o n s ta n ts  m u s t be  know n in  ad d itio n  to  th e  
d ire c t ly  m easu red  in trin s ic  v isc o s ity  of th e  sam p le  o f  species, and  th e se  co n 
s ta n ts  m u s t  he tak en  e ith e r  f ro m  th e  l i te ra tu re  o r de te rm in ed  b y  ted io u s  an d  
tim e -c o n su m in g  m easu rem en ts . C onversely , th e  u se  o f th e  Co l l -P r u s in o w s k y  
c a l ib ra t io n  requ ires know ledge o f th e  K M H  e x p o n e n t fo r th e  te s t  m a te r ia l, 
th e re fo re ,  fo r exam ple w ith  a u to m a tic  v isco s ity  d e tec tio n  o f th e  e lu a te , th is  
l a t t e r  c a lib ra tio n  does n o t d ire c tly  give m o lecu la r w eights. T hus, fo r ro u tin e  
p u rp o se s  B e n o it ’s ca lib ra tio n  is recom m ended .

•

T he author is indebted to Dr. J .  P o d e Sva and Dr. J .  J anca , Institu te o f M acrom olec- 
ular C h em istry , Czechoslovak A cadem y o f Sciences, for the well characterized polym er frac
tions.
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The variation  o f the linear correlation factor of dielectric po larization  (g) was 
determ ined experim entally  for several associated liquids in carbon tetrachloride using 
the K irkwood-Fröhlich equation for solutions. The fluid structures o f  these  systems 
were analyzed in the ligh t o f the results obtained. The non-ideal b ehaviou r  o f the so- 
called nonpolar so lvents in dielectric m easurem ents is pointed out.

In tro d u c tio n

One of th e  im p o r ta n t  p rob lem s in  liq u id  s ta te  physics is t h a t  concerning 
th e  s tru c tu re  o f m u ltim e rs  in assoc ia ted  liq u id s  in the  pu re  s ta te  a n d  in  differ
e n t so lven ts. T he to o ls ava ilab le  are  g en era lly  th e  c o n c e n tra tio n  dependence 
o f  th e  dielectric  c o n s ta n t, th e  in fra red  ab so rp tio n  bands or th e  p o s itio n  of the 
h y d ro x y  peak  in  th e  N .M .R . sp ec tra . T he I .R . and N .M .R . s tu d ie s  do not 
give an y  in fo rm atio n  concern ing  th e  a lig n m en t of n e ig h b o u rin g  so lu te  m ole
cules, w hich is essen tia l fo r th e  fu ll know ledge o f th e  c o n fig u ra tio n  o f  th e  mul- 
t im e r  species. I t  w as p o in ted  o u t b y  Co le  [1] th a t  th e  K irk w o o d -F rö h lic h  [2] 
lin e a r  co rre la tion  fa c to r  o f d ielec tric  p o la riza tio n  g  is a m e a su re  o f  th e  short 
ran g e  in te rm o lecu la r forces th a t  lead  to  d ipole-dipole in te ra c tio n s .

The fac to r g  c a n n o t be ex p lic itly  ca lcu la ted  from  its  s ta tis tic a l-m e c h an ic a l 
expression  [2 ] due  to  un k n o w n  p a ra m e te rs  like th e  m u tu a l d ip o le  o rien ta tio n s 
an d  th e  n u m b er o f n e a re s t n e ig hbours. H ow ever, an e x p e rim e n ta l d e te rm in a 
tio n  o f g  could give q u a n ti ta t iv e  in fo rm a tio n  regard ing  in te rm o le c u la r  asso
c ia tio n  in  po la r liq u id s  [3— 5]. T he basis  o f  th e  exp erim en ta l d e te rm in a tio n  of 
th e  lin ea r co rre la tio n  fa c to r  g  for v a rio u s  co n cen tra tio n s o f p o la r  so lu tes such 
as alcohols, acids an d  am ines is th e  K irkw o o d -F rö h lich  re la tio n  e x ten d ed  to  
so lu tions:

g =
9 k T

4 я  N fi2x.,
(2 e +  e r f

Ф
E 1 3 * !  Ф х ( S j  —  1 )

(еч +  2)2 (2e -f- 1) L 

_  3 х 2 Ф., ( е х -  1) 

2e +  £<*

2 e +  ex
( 1 )
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a )  b )

F ig . 1. Correlation betw een th e  m olecular dipole vector and th e  neighbouring dipoles

w h e re  Ф  is th e  m olar v o lu m e  o f  th e  solution; e is th e  d ie lec tr ic  co n stan t o f  th e  
so lu tio n ;  x г is the  mole f r a c t io n  o f  th e  pure so lv e n t, x 2 t h a t  of the  so lu te  an d  
ea t h e  d ie lec tric  c o n s ta n t o f  in d u c e d  po la riza tion  o f  th e  p o la r com ponen t in  
th e  p u r e  s ta te , g  is th e  d ip o le  m o m en t of th e  so lu te  in  th e  gaseous s ta te .

T h e  s ta tic  d ielectric  b e h a v io u r  of m onohydric  a lco h o ls  an d  th e ir  so lu tions 
in  n o n p o la r  so lvents h a v e  b e e n  s tu d ied  w ith  specia l re fe re n ce  to  th e  v a r ia tio n  
o f  g  [6 — 11] b u t no such  e x te n s iv e  stud ies w ere m a d e  on  carboxy lic  acids, p h e 
n o ls  a n d  am ines. P rio r  to  s tu d y in g  the  p o la riza tio n  o f  specific  com plexes o f 
t e r t i a r y  system s of th e se  ac id s  a n d  am ines, we h a v e  in v e s tig a te d  th e  v a r ia tio n  
o f  g  w ith  th e  co n cen tra tio n  in  a  low  dielectric so lv e n t such  as carbon t e t r a 
c h lo r id e .

M a te ria ls  and M ethods

T he dielectric m easurem ents w ere carried out using a T osh n iw al RL09 dipole m eter at 
a freq u en cy  of 300 kH z w ith  th e  cell temperature controlled at 35 +  0.1 °C. The refractive  
ind ices w ere measured using an A b b e refractom eter. The phenols w ere first treated w ith  anhy
drous sod iu m  sulfate and d istilled  a t  reduced pressure. T he am ines were shaken w ith  K O H  
p elle ts an d  distilled before use. A n a la R  acetic  acid was recrystallized  and distilled to e lim inate  
absorbed m oisture. B D H  A n alaR  carbon tetrachloride w as used  as the solvent.

R e su lts  and  D iscussion

T h e  resu lts  are show n in  T a b le  I.
T h e  value of g is d ire c t ly  re la te d  to th e  c o rre la tio n  b e tw een  th e  d irec tio n  

o f  a  m o lecu le  and th e  m o lecu les  in  the  im m ed ia te  n e ig h b o u rh o o d . T he m u lti-  
m ers  w h ich  give g  1 h a v e  a p o sitiv e  co rre la tion  an d  th e  aggregates h a v e  a 
p a ra l le l  o rien ta tio n  due  to  d ipo le-d ipo le  in te ra c tio n s  a n d  th e y  are n am ed  
a -m u ltim e rs .

T h e  m ultim ers w hose d ipo le-d ipo le  in te ra c tio n s  le a d  to  a n egative  co r
re la t io n  (an  an ti-p ara lle l o r ie n ta t io n )  resu lting  in  g  <  1 are  referred  to  as 
/З-m u ltim e rs . Several e a rly  in v e s tig a to rs  [12, 13] h a v e  fo u n d  th a t  th e  c o n c e n tra 
t io n  d ep en d en ce  of g  fo r m o n o h y d ric  alcohols can  b e  re p re se n te d  b y  a g rap h  
sh o w in g  a  m inim um  an d  O s t e r ’s theo re tica l cu rv e  [14] fo r associated  liq u id s  
is g e n e ra lly  obeyed. H o w ev er, in  th e  in te rp re ta tio n  o f  th e  curves th e re  is no 
u n a n im ity .  D a n n h a u s e r  a n d  C o l e  [15] proposed a m o d e l in  w hich th e  a-m u l-
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Table I
Variation o f e, n, Qy Ф and g  with the concentration o f  solutes in carbon tetrachloride

Solute
Concen
tration
(mol/1)

e n e Ф g

1 . 0 2.2630 1.4469 1.519 95.49 0.26
1.4 2.2755 1.4448 1.499 94.56 0.23

A cetic Acid 1.6 2.2955 1.4435 1.496 93.82 0.27
1.8 2.3105 1.4421 1.491 93.11 0.28
2.0 2.3180 1.4410 1.485 92.27 0.27
2.5 2.3655 1.4378 1.469 90.49 0.30

0.2 2.2955 1.4556 1.550 98.48 1.69
0.4 2.3305 1.4582 1.535 98.70 1.21
0.6 2.3580 1.4608 1.527 98.43 0.94
0.8 2.4020 1.4636 1.520 98.18 0.91

Aniline 1 . 0 2.4455 1.4659 1.512 97.94 0.89
1.4 2.5780 1.4721 1.488 97.92 0.96
1.6 2.6508 1.4751 1.475 98.08 1.02
1.8 2.6880 1.4782 1.459 97.84 0.89
2.0 2.7230 1.4798 1.448 98.21 0.91

0 . 1 2.2680 1.4461 1.562 98.01 1.01
0.2 2.3280 1.4469 1.552 98.22 0.99

0.4 2.4580 1.4480 1.549 97.40 0.97
0.6 2.5430 1.4491 1.531 97.64 0.87

Pyridine 0.8 2.6530 1.4501 1.526 97.19 0.80
1 . 0 2.7830 1.4512 1.516 96.82 0.88
1.2 2.8880 1.4524 1.512 96.21 0.86
1.4 3.0180 1.4534 1.505 95.76 0.87
1.6 3.1280 1.4544 1.492 95.69 0.86
1.8 3.2680 1.4556 1.477 95.63 0.86
2.0 3.3780 1.4568 1.474 94.95 0.85

0 . 1 2.2392 1.4490 1.552 98.69 0.87
0.2 2.2548 1.4482 1.538 99.26 0.69
0.4 2.2912 1.4475 1.524 99.34 0.60
0.8 2.3874 1.4457 1.494 101.37 0.62
1 . 0 2.4212 1.4445 1.477 99.85 0.58
1.5 2.5460 1.4418 1.437 100.53 0.61

3-M ethylbutan-l-01 2.0 2.7072 1.4391 1.394 101.18 0.65
2.5 2.8736 1.4368 1.355 101.88 0.70
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Table I (contd .)

Solute
Concen
tration 
(mol/1)

e n Q Ф s

3.0 3.0868 1.4346 1.319 102.33 0.76
3.5 3.4092 1.4318 1.276 102.87 0.85
4.0 3.7862 1.4295 1.236 103.62 0.95

0 . 1 2.2236 1.4492 1.560 97.90 0.56
0.2 2.2392 1.4489 1.553 97.66 0.62
0.4 2.2938 1.4478 1.547 96.40 0.73
0.8 2.3848 1.4462 1.536 94.82 0.83
1 . 0 2.4654 1.4450 1.528 93.49 0.88

M ethanol 1.5 2.6552 1.4425 1.516 91.30 1.03
2.0 2.8840 1.4401 1.498 89.27 1.14
2.5 3.2038 1.4373 1.475 87.27 1.29
3.0 3.4638 1.4356 1.470 85.37 1.38
3.5 3.8070 1.4337 1.455 83.41 1.47
4.0 4.2750 1.4305 1.438 81.22 1.59

0 . 1 2.2340 1.4510 1.542 99.30 0.86
0.2 2.2548 1.4517 1.535 99.47 0.89
0.4 2.3172 1.4535 1.522 99.44 0.95
0.8 2.4212 1.4570 1.514 98.42 0.99

Phenol 1 . 0 2.4836 1.4595 1.504 98.44 1.01
1.5 2.6708 1.4628 1.485 99.69 1.05
2.0 2.8632 1.4670 1.458 97.83 1.23

2.5 3.0920 1.4718 1.438 97.28 1.26

3.0 3.3728 1.4764 1.417 96.67 1.33

3.5 3.5860 1.4803 1.400 96.00 1.36

4.0 3.9656 1.4850 1.367 96.34 1.47

0 . 1 2.2756 1.4512 1.545 99.39 0.85

0.2 2.3172 1.4525 1.543 99.37 0.77

0.4 2.4160 1.4555 1.533 99.69 0.70

0.8 2.5980 1.4605 1.520 99.84 0.65

1 . 0 2.7072 1.4635 1.514 99.85 0.64

4-Chlorophenol 1.5 2.9828 1.4698 1.499 99.91 0.64

2.0 3.2012 1.4759 1.486 99.98 0.61

2.5 3.4872 1.4820 1.467 100.38 0.62

3.0 3.8044 1.4885 1.439 101.48 0.64

3.5 4.1476 1.4949 1.427 101.36 0.65

4.0 4.5012 1.5014 1.411 101.53 0.66
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Concentration of solutes in carbon tetrachloride (mol/l)

F i g . 2 . Variation of g  with the concentration of solutes in carbon tetrachloride

tim e rs  were open chains o f all sizes. A t low  co n cen tra tio n s , i t  h as  b e e n  p resu m ed  
th a t  (в-m ultim ers do ex is t re su ltin g  in  a d ip  in  th e  g  values. H o w ev e r, B o r d e - 
WIJK [6 , 16] p roposed  a 1, 2— 4 m odel fo r  alcohols, in  w hich  th e  a -m u ltim e rs  
are  cyclic te tra m e rs  w ith  o u t-o f-p lan e  О — H . . .0  bond an d  th e  /S-m ultim ers 
are  p re se n t as closed d im ers a t  low  c o n c e n tra tio n s . This is in  c o n tra s t  w ith  th e  
conclusion  of I b b it s o n  an d  M o o r e  [17] an d  B e l l a m y  an d  P a c e  [18] from
I.R . s tu d ies  th a t  th e  sm alle st m u ltim ers  a re  generally  lin ea r. T h e  ra p id  fall 
o f  g  in  m e th an o l an d  3 -m e th y lb u ta n - l-o l as th e  co n cen tra tio n  is d ec rea sed  can 
be ex p la in ed  assum ing  th e  conversion  o f  a -m u ltim ers  to  /? -m u ltim ers. As а 
closed d im er w ill h av e  a neg lig ib le  g  v a lu e , in  c o n tra s t to  w h a t is o b se rv ed  here, 
i t  m a y  be concluded  th a t  an  open d im er w ith  re s tric ted  ro ta t io n  a ro u n d  the  
H -b o n d  can a d e q u a te ly  re p re se n t th e  /3-m ultim er.

In  carboxy lic  acids th e  p red o m in an ce  o f  c is-configura tion  a n d  th e  cop la
n a r i ty  o f  th e  C— C H 3 b o n d  w ith  th e  c a rb o n y l b o n d  will m in im ize th e  d ev ia tio n  
o f th e  bond  angle from  th e  idea l v a lue , i f  cyclic  d im ers a re  fo rm ed . H ow ever, 
in  pheno ls, th e  H -b o n d  is s tro n g e r in  cyclic  m u ltim ers th a n  in  cy c lic  d im ers 
since th e  d ev ia tio n  fro m  th e  idea l bo n d  ang les is sm aller in  th e  fo rm e r. T he low 
g  va lu es  in  4 -ch lorophenol in d ica te  th a t  th e se  cyclic /З-m ultim ers a re  stab ilized  
in th e  0 — H . . .0  p lane . T h e  c o n c e n tra tio n  dependence o f g  fo r p h en o l also 
in d ica tes  th a t  th e  e q u ilib riu m  betw een  a -m u ltim ers  and (3-m ultim ers is s ta b iliz 
ed com pared  to  alcohols, due  to  th e  s tro n g e r  ac id ity  of th e  fo rm er.
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O ne m ajor o b stac le  in  th e  in te rp re ta tio n  o f  flu id  s tru c tu re  is th e  n o n 
id e a l b eh av io u r o f th e  so -ca lled  nonpo lar so lv en ts . F o r  exam ple, we h av e  show n
[4] t h a t  th e  dependence  o f  g  on th e  c o n c e n tra tio n  o f  ace tic  acid is d iffe ren t in  
d if fe re n t so lvents w hich  a re  considered  in e r t. I t  h a s  been  found th a t  g  inc reases 
in  th e  o rder hexane cy c lo h ex an e  >  ca rb o n  te tra c h lo r id e  benzene (F ig . 
1 o f  R ef. 4). The se lf-a sso c ia ted  m onom er-d im er e q u ilib riu m  of th e  so lu te  ace tic  
ac id  is h igh ly  c o n c e n tra tio n  dep en d en t in cy c lo h ex an e  since th e  m onom ers are  
n o t  s tab ilized  and  hence  le a v e  m ore te rm in a l g ro u p s . H ow ever, th e  low  a n d  
a lm o s t c o n s tan t g  v a lu es  in  ca rb o n  te tra c h lo rid e  a n d  benzene suggest t h a t  th e  
m o n o m e r is s tab ilized  b y  a sso c ia tio n  w ith  so lv e n t species. S im ilar re su lts  w ere 
o b ta in e d  by  Ca m p b e l l  et al. [19], F l e t c h e r  [20], M u l l e n s  et al. [21] an d  
B o r d e w ij k  et al. [22] fo r  alcohols.

T h e  behav iou r o f a n ilin e  an d  pyrid ine is c h a ra c te r is tic  of an  ideal, w e a k ly  
a sso c ia te d  system . T h e  h ig h e r  values of g  a t  low  co n cen tra tio n s  of p y rid in e  
a n d  an ilin e  m ay p e rh a p s  b e  d u e  to  the  in te ra c tio n  o f  th e  lone p a ir o f e lec trons 
o f  th e  n itrogen  a to m  w ith  th e  positive charge  o f  th e  carb o n  in  carbon  t e t r a 
c h lo rid e .
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The oxyethylation  of dodecyl alcohol catalyzed by m agnesium  perchlorate has 
been investigated  in an oxyethylatin g  apparatus based on the m easurem ent o f volum e  
flow . It has been established on the basis o f th e  gas-chrom atographic analysis o f  product 
com position th a t the distribution is o f the F l o r y  type and is v irtu ally  independent of 
cata lyst concentration and reaction tem perature. Compared w ith a reaction  m ixture  
catalyzed w ith  potassium  hydroxide, the d istribution  is more favourable. T he cata lytic  
effect o f  m agnesium  perchlorate can be exp la in ed  by com plex form ation betw een  m ag
nesium  ions and ethylene oxide.

O x y e th y la tio n  reac tio n s n ev er lead  to  a un iform  p ro d u c t, b ecau se  th e  
r e a c tiv i ty  o f th e  glycol h y d ro x y  g roup  fo rm ed  in  th e  reac tio n  is a lm o st th e  
sam e as th a t  o f  th e  in itia l com pound . As th e  p ro d u c t o f a co n secu tiv e , c o m p e ti
tiv e  re a c tio n  series, a m ix tu re  o f hom ologues w ith  d ifferen t e x te n ts  o f  o x y e th y l
a tio n  is fo rm ed . T h u s , th e  p ro p e rtie s  o f  an  o x y e th y la ted  non-ion ic  ten sid e  
w ill d ep en d  n o t o n ly  on th e  q u a n ti ty  o f  e th y le n e  oxide ta k e n  u p  b y  1 m ol of 
th e  in it ia l  com pound  (on th e  average  deg ree  o f  o x y e th y la tio n ), b u t  also on th e  
c o n c e n tra tio n  o f  th e  in d iv id u a l hom ologues, i.e. on th e  p ro d u c t d is tr ib u tio n .

T he in d iv id u a l d is trib u tio n s  m easu red  can  b y  charac terized  th e  closeness 
o f th e ir  a p p ro ach  to  th e  th eo re tica l d is tr ib u tio n s  deduced from  k in e tic  co n 
sid e ra tio n s . T h u s , tw o fu n d a m e n ta l ty p e s  can  be  d itingu ished , viz.  th e  F lory 
[1] an d  th e  W e ib u l l— N ycander— Gold [2, 3] d is tr ib u tio n . In  th e  general 
case, i t  is e x p e d ie n t to  ca lcu la te  th e  d is tr ib u tio n  coefficients acco rd in g  to  
N atta an d  Mantica  [4].

In  a G F R  p a te n t  [5] pub lished  in  1977, W eibull  and  T horsell  describe  
a new  ty p e  o f c a ta ly s t  fo r th e  o x y e th y la tio n  o f com pounds c o n ta in in g  ac tiv e  
h y d ro g en s o f v a rio u s  ty p es . In s te a d  o f th e  u su a l basic  or acidic c a ta ly s ts , th e y  
used  n e u tra l  in o rg an ic  sa lts (m agnesium  p e rch lo ra te , calcium  p e rc h lo ra te , 
etc.) as c a ta ly s t .  T h ey  found th a t  th e  d is tr ib u tio n  o f th e  m o lecu la r w eig h t of 
th e  p ro d u c ts  o b ta in e d  is m ore fav o u rab le  th a n  in  th e  case o f b asic  c a ta ly s ts , 
an d  th e  re a c tio n  m ix tu re  does n o t c o n ta in  b y -p ro d u c ts  c h a ra c te r is tic  o f m ix 
tu re s  o b ta in e d  w ith  acid ic ca ta ly s ts . T h ey  d id  n o t in v es tig a te  th e  ty p e  o f d is tr i
b u tio n  an d  th e  effect o f th e  reac tio n  co n d itio n s  on o x y e th y la tio n  an d  on th e  
p ro d u c ts .
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I n  th is  w ork  concerned  w ith  th e  o x y e th y la tio n  o f dodecyl alcohol in  th e  
p resen ce  o f  m agnesium  p e rc h lo ra te , we in v e s tig a te d  th e  ty p e  o f m o lecu la r 
w e ig h t d is tr ib u tio n  in  th e  p ro d u c t m ix tu re  an d  th e  effect o f reac tio n  co n d itio n s 
on o x y e th y la t io n  an d  on th e  p ro d u c t.

E xperim en ta l

T he experim ents were carried out in the o x y eth y la tio n  apparatus used earlier [6], 
based on  the m easurem ent of volum e flow . For one o x y eth y la tio n  0.02 mol o f dodecyl alcohol 
was used . T he product com position was determ ined b y  the direct gas chrom atography o f  the  
reaction m ixture [7]. The main gas chrom atographic characteristics are listed  in T able I.

Table I

Parameters o f  gas-chromatographic analysis

Chromatograph Model Chrom-31
Column Stainless steel, 0 6  mm , length  1.4 m 10% SE 301 on 

Chromosorb W  AW  DMCS (60 — 80 mesh)
Temperature 1 9 0 -2 9 0  °C, 10 °C/min
D etection Flam e ionization
N 2 flow  rate 45 cm3/m in

The com positions m easured were com pared w ith  the theoretica lly  calculated d istributions 
F l o r y  distribution [1]:

where Xj is th e  m ole fraction of the i-th  hom ologue, v is th e  average degree of o x y e th y la tio n  
W e ib u l l — N y c a n d e r - G old  distribution [2, 3]:

v =  —c In x 0 — (c — 1)(1 — x 0)

*i =  ( 7 3 Т ) 7 1 -  *0 ^  7 T  [ ( 1  -  c>ln x°]1 1

where x n is the m ole fraction of the in itial substance in the reaction m ixture, c is the d istr ibu
tion  coeffic ien t calculated according to W e ib u l l , N y c a n d e r  and Gold . The distribution  
coeffic ien ts determ ined separately for each com ponent (c() have been calculated according to  
N a tta  and M a n t ic a  [4]:

=  2 - r ^ -----
J=° J=° П  (ek ~ c j )

k = 0
кф]

R esu lts  an d  D iscussion

T h e  v a r ia tio n  o f e th y len e  oxide u p ta k e  w ith  reac tio n  tim e  is show n in 
F ig . 1. T h e  e th y len e  oxide u p ta k e  u n d e r d iffe ren t re a c tio n  cond itions ( te m p e r
a tu re , c a ta ly s t  c o n cen tra tio n ) is p ro p o rtio n a l to  th e  reac tio n  tim e.

In  all th e  cases the  d is tr ib u tio n  of th e  o x y e th y la te d  p ro d u c ts  is o f  th e  
F l o r y  ty p e  [1] (F ig . 2), w hich  is c learly  show n also  b y  th e  fact th a t  th e  d is tr i-
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F ig. 2. D istribution of o x y eth y la ted  reaction products

F ig. 3. Variation o f th e  distribution w ith the average degree of oxyethylation  (10%  cata lyst,
100 °C)
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T ab le  I I

Effect o f  the degree o f oxyethylation on the distribution  (100 °C, 10% catalyst)

V C
*0

Cl
*1

C,
m ealed. (F) ealed. (W) m ealed. (F) ealed. (W) m ealed. (F) ealed. (W)

0.57 0.74 0.544 0.565 0.544 0.334 0.322 0.358 0.970 0.103 0.092 0.083 0.97
1.17 1.08 0.322 0.310 0.322 0.359 0.363 0.348 1.030 0.230 0.212 0.210 0.77
1.70 1.03 0.188 0.182 0.188 0.332 0.310 0.305 0.930 0.288 0.263 0.261 0.78
2.27 1.02 0.106 0.103 0.106 0.230 0.235 0.233 1.030 0.279 0.266 0.264 0.95

«3
C*

*4
c4

m ealed. (F) ealed. (W) m ealed. (F) ealed. (W)

0.015 0.017 0.013 1.66 0.000 0.002 0.001 —

0.036 0.083 0.086 3.64 0.000 0.024 0.035 —

0.129 0.149 0.151 0.84 0.005 0.063 0.108 2.8

0.190 0.201 0.207 1.07 0.034 0.114 0.124 5.5

v  =  average degree of oxy e th y la tio n  (m ol e thylene oxide/m ol in itia l alcohol) 
m - - m easured
X j  =  m ole frac tio n  of th e  i- th  com ponent 
calcd .(F) =  calcu la ted  (according to  F lory  [1])
ealed.(W ) =  calcu la ted  (according to  W e ib u ix , N y ca n d er  and  Gold [2, 3]) 
c  =  d is tr ib u tio n  coefficient (according to  W e ib u l l , N y can d er  and  Gold [2, 3])
c i  =  d is trib u tio n  coefficient (according to  N atta  and  Mantica  [4])
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Cn*
T a b le  Ш

E ffe c t  o f  c a ta ly s t  co n c e n tra tio n  ( c ^ )  o n  o x y e th y la tio n

ck
(%)

V C

* 0 *1
Cl

xt
c.

m ealed. (F) ealed. (W) m ealed. (F) ealed. (W) m ealed. (F) ealed. (W)

5* 2.26 0.93 0.094 0.104 0.094 0.245 0.236 0.242 0.92 0.270 0.266 0.273 0.94

10* 2.27 1.02 0.106 0.103 0.106 0.230 0.235 0.233 1.03 0.279 0.266 0.264 0.95

15* 2.50 1.03 0.087 0.082 0.087 0.227 0.205 0.203 0.95 0.259 0.256 0.253 0.98

5** 2.27 0.93 0.106 0.103 0.106 0.237 0.235 0.233 1.00 0.275 0.266 0.264 0.96

10** 1.93 1.03 0.150 0.145 0.150 0.234 0.280 0.276 1.21 0.277 0.270 0.267 1.06

*« *4

m ealed. (F) ealed. (W) m ealed. (F) ealed. (W)

0.188 0.201 0.203 1.10 0.048 0.113 0.110 3.94

0.190 0.201 0.207 1.07 0.034 0.114 0.118 5.50

0.201 0.213 0.216 1.00 0.051 0.134 0.123 0.98

0.194 0.201 0.207 1.06 0.119 0.114 0.118 0.69

0.180 0.174 0.176 1.15 0.078 0.084 0.091 1.74

* 100 °c
** 140 °C
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F ig . 4 . Comparison of the d istr ib u tio n  of reaction m ixtures cata lyzed  by KOH and Mg(C104)

b u t io n  coefficients c a lc u la te d  according to  W e i b u l l , N y c a n d e r  an d  G o l d  
[2 , 3 ] , an d  N a tta  an d  M a n t ic a  [4], are close to  u n i ty  (0.9— 1.1) (on ly  th e  
v a lu e  o f  c4 differing in  som e o f  th e  cases).

(T h e  figure show s o n ly  th e  d is trib u tio n  c a lc u la te d  accord ing  to  F l o r y , 
b e c a u s e  a t  a value o f  с ~  1 th e  W e ib u l l — N y c a n d e r — G o ld  d is tr ib u tio n  is 
p r a c t ic a l ly  th e  sam e.)

W ith  increasing d eg ree  o f  o x y e th y la tio n , th e  c h a ra c te r  o f th e  d is tr ib u tio n  
( F l o r y ) does no t ch an g e , b u t  th e  m axim um  sh if ts  to  th e  r ig h t and  th e  d is tr i
b u t io n  becom es b ro ad e r (T a b le  I I ,  Fig. 3).

T h e  d is trib u tio n  is n o t  affected  b y  th e  c o n c e n tra tio n  of th e  c a ta ly s t  
(T a b le  I I I ) .

M oreover, th e  d is t r ib u t io n  is v irtu a lly  in d e p e n d e n t o f th e  te m p e ra tu re  
(T a b le  I I I ) .

T h e  p roduc t d is tr ib u tio n s  ob tained  w ith  m ag n esiu m  p e rch lo ra te  an d  
K O H  w ere  com pared (F ig . 4 ). I t  has been e s ta b lish e d  th a t  th e  p ro d u c t d is tr i
b u t io n  w ith  Mg(C104)2 c a ta ly s t  is m ore fav o u ra b le  th a n  in  th e  case o f K O H , 
b e c a u s e  th e  q u a n tity  o f  in i t ia l  substance  is c o n s id e ra b ly  low er and  th e  d is t r i 
b u t io n  is narrow er. In  b o th  cases  th ere  is no im p o r ta n t  b y -p ro d u c t fo rm a tio n . 
I n  t h e  case  of m agnesium  p e rc h lo ra te  no su b se q u e n t n e u tra liz a tio n  is n eed ed . 
U n d e r  id en tica l co n d itions (140  °C, 5%  ca ta ly s t)  th e  r a te  o f  o x y e th y la tio n  w ith  
M g(C 104)2 is h a lf  of t h a t  o f  th e  reaction  w ith  K O H  [in th e  case o f 0.088 m ol 
E O /m in  m ol K O H  and  0 .036  m o l EO /m in m ol M g(C 104)2].

T h e  ca ta ly tic  effect o f  m ag n esiu m  p e rc h lo ra te  can  be a t tr ib u te d  to  co m 
p le x  fo rm a tio n  betw een  m ag n e s iu m  ions and  e th y le n e  oxide. P e rch lo ra te  ions 
h a v e  n o  effect on th e  re a c tio n . This is p roved  b y  th e  fa c t th a t  w hen  a lk a li 
p e rc h lo ra te s  insoluble in  d o d e c y l alcohol (N a, K ) a re  solubilized w ith  crow n 
e th e r s ,  th e  salt in tro d u c e d  in  th is  w ay has no  c a ta ly t ic  ac tion , because  th e  
a lk a l i  io n  included in  th e  c ro w n  com pound c a n n o t fo rm  a bond  w ith  e th y len e  
o x id e , w hile  th e  p e rc h lo ra te  io n  has no c a ta ly tic  e ffec t.
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The electronic absorption band appearing betw een 400 and 450 nm  in the spectra  
o f substitu ted  benzylidene-anilines is interpreted  in  term s of approxim ate quantum  
chemical calculations and attributed to the quinonoid structure form ed b y  hydrogen  
bridge in Schiff-base derivatives where the aldehyde ring has a hidroxy group in o- 
or p-position .

In tro d u c tio n

Spectroscopic s tu d ie s  on Schiff-bases d ea l p rim a rily  w ith  th e  in te rp re ta 
tio n  o f  th e  e lec tro n ic  tra n s itio n s  betw een  200 an d  400 n m  [1, 2 ]. F ro m  th e  
b eh av io u r of th e se  b a n d s  conclusions are  d ra w n  to  th e  e lectron ic  s tru c tu re  and  
th e  geom etry  o f th e  m olecules. M uch less in fo rm a tio n  is availab le  on th e  e lec tro n 
ic tra n s itio n s  above  400 n m . The e lec tron ic  s p e c tra  o f su b s titu te d  benzy lidene- 
an ilines show in  n o n p o la r  so lvents th re e  b a n d  sy stem s, in  th e  sp e c tra l ranges 
betw een  220— 240 n m , 260— 290 nm  an d  310— 360 nm , belong ing  to  л  — л*  
tra n s itio n s . S u b s titu e n ts  an d  so lvents h av e  co n sid erab le  in fluence  on ly  on th e  
longest w av e leng th  tra n s it io n .

In  h igh ly  p o la r  hyd ro g en -b rid g in g  so lv e n ts  an  ad d itio n a l b a n d  betw een  
400 an d  450 n m  o f m ed iu m  in te n s ity  ap p e a rs  [3]. T his b a n d  can  be  a t tr ib u te d  
to  th e  qu inonoid  s tru c tu re  form ed b y  h y d ro g en  bon d in g  [4]. T he b a n d  appears 
on ly  in  sp ec tra  o f d e r iv a tiv e s  w here th e  a ld e h y d e  g roup  has a h y d ro x y  s u b s ti t
u e n t in  2- (or 4-) p o s itio n  (Fig. 1). In  th e  fo rm e r case in tra m o le c u la r  an d  in  
th e  la t te r  in te rm o le c u la r  hydrogen  bo n d  is assum ed . T he h y d ro g en  bond  
fo rm atio n  is v e ry  lik e ly  reduc ing  th e  ch arg e  d e n s ity  on th e  oxygen  a to m  o f th e  
h y d ro x y  group in  th e  a ld eh y d e  ring , an d  i f  th e  an iline rin g  b ea rs  no s tro n g  
e lec tron  accep to r s u b s ti tu e n ts , th e  azo m e th in e  n itro g en  a to m  w ill b in d  th e  
phenolic  hyd rogen  th e re b y  accom plishing th e  q u in ono id  s tru c tu re . In  th e  m ix 
tu re  o f po lar an d  n o n -p o la r  so lven ts an  eq u ilib riu m  betw een  th e  benzeno id  and  
quinono id  form s is se t (F ig . 2).

I t  seem s th a t  a ll th e  effects w hich fa v o u r  th e  fo rm atio n  o f th e  qu inono id  
s tru c tu re  will in c rease  th e  in te n s ity  o f th e  new  b a n d . T his b a n d  is d ep en d en t 
on th e  n a tu re  o f th e  su b s ti tu e n t in  th e  an ilin e  ring  and  q u ite  in d e p e n d e n tly
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F ig .  1 . Electronic absorption spectrum of unsubstituted (X = H )  salicylidene-aniline in  various 
solvents (1: in benzene, 7: in methanol, 2 — 6: in methanol-benzene" mixtures)

F ig .  2 . Two forms of salicylidene-aniline (A: benzenoid structure, B: quinonoid structure)

o f th e  su b s titu e n ts  —  o th e rs  th a n  h y d ro x y  g roup  —  on th e  a ld eh y d e  r in g  i t  
does n o t  a p p e a r w hen th e  an ilin e  r in g  has a s tro n g  e lec tro n  accep to r g ro u p  on i t .

F ro m  th e  sp ec tra  th e  conclu sio n  can be d raw n  th a t  th e  n ecessa ry  co n d i
tio n s  fo r  th e  appearance  o f  th e  b a n d  be tw een  400 a n d  450 n m  are as fo llow s: i) 
th e  p re se n c e  of —O H  group  in  o -  o r p -p o sitio n  on th e  a ldehyde  r in g , a n d  ii) 
s u ff ic ie n tly  large charge d e n s ity  on th e  azom eth ine  n itro g en  th is  b e in g  d e p e n 
d e n t m a in ly  on the  s u b s ti tu e n t  o f th e  an iline ring .

I n  o rd e r to  o b ta in  f u r th e r  in fo rm atio n s  on th e  p ro b lem  ra ised , q u a n tu m  
c h e m ic a l calculations* b y  th e  P P P  an d  CNDO/2 a p p ro x im a tio n s  h a v e  been  
p e rfo rm e d .

* The observation mentioned has not been interpreted by former calculations [5].
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Experim ental

The Schiff-base derivatives were prepared by reacting stoichometric quantities o f 2- 
and 4-hydroxy benzaldehyde and substituted anilines in methanolic solutions. The crude 
products were purified by recrystallizations from methanol and their purities checked by m.p. 
and C, H-assays. The absorption spectra were taken by using BECKMAN DU and SPECORD 
UV-VIS spectrophotometers.

Calculations

F irs t  P P P  calcu la tio n s on th e  e lec tro n ic  sp ec tra  o f benzy lidene-an ilines 
h av in g  d iffe ren t su b s titu e n ts  on th e  an ilin e  rin g  h av e  been  ca rried  o u t. As 
exam ples th e  ca lcu la ted  and  ex p e rim en ta l sp e c tra l d a ta  for th e  u n su b s titu te d  
sa licy lidene-an iline  an d  th e  p -ch lo ro  d e r iv a tiv e  a re  g iven in  T ab le  I .  I t  can  be

Table I

Electronic transitions (energies in eV, oscillator 
strengths in parentheses)

1 2.

Exp. Calcd. Exp. Calcd .

Salicylidene-aniline 3.625
(0.138)

4.015
(0.509)

4.492
(0.174)

4.881
(0.458)

Salicylidene-4-chloroaniline 3.594
(0.282)

3.997
(0.631)

4.575
(0.275)

4.729
(0.406)

seen th a t  th e  s u b s ti tu e n t effect b y  th e  p -ch lo ro  g roup  is w ell rep re se n te d  in 
th e  ca lcu la tio n s: th e  340 nm  h a n d  show s s lig h t red  sh ift an d  in te n s ity  increase  
on th e  su b s titu tio n . S im ilar s u b s ti tu e n t e ffec t could  be observed  a n d  ca lcu la ted  
in  case o f m e th y l a n d  h y d ro x y  g roups an d  also in  o- an d  m -su b s titu te d  d e r iv a 
tiv e s . H ow ever, th e  P P P  calcu la tio n s rep ro d u ces only  th e  sp e c tra  in  n o n p o la r 
m ed ia  an d  are n o t ab le  to  give an y  in fo rm a tio n  on th e  b a n d  over 400 nm .

B y  su b s titu tio n  only  v e ry  s lig h t changes in  th e  7t-charges occur e ith e r  
on th e  azom eth ine  n itro g en  or on th e  oxygen  a to m  o f th e  h y d ro x y  g roup  on th e  
a ld eh y d e  rin g  (T able  I I ) .  I t  seem s th a t  th e  charges on th e  a ld eh y d e  rin g  and  
on th e  azom eth ine  g roup  are n o t v e ry  sen sitiv e  to  th e  changes in  th e  an iline  
ring .

T he charge  d is tr ib u tio n s  o f th e  enol- and  ke to -fo rm s o f 2 -hy d ro x y - 
benzy lid en e-an ilin e  h av e  been  ca lcu la ted  b y  th e  CNDO/2 m e th o d  [6]. T he 
g eo m etry  o f th e  enol- (benzenoid) fo rm  is know n  from  th e  l i te ra tu re  [7] h u t  
th a t  o f th e  keto -(q u in o n o id ) fo rm  h a d  to  he  ap p ro x im a te d  b y  analogues. T he 
b o n d  d is tan ces  an d  angles in  th e  an iline  r in g  o f th e  qu inono id  fo rm  w ere su p 
posed  to  be eq u a l to  tho se  in  th e  benzeno id  fo rm , how ever, th e se  s tru c tu ra l 
d a ta  fo r th e  a ld eh y d e  ring  w ere ta k e n  from  th o se  o f b u ta d ie n e  an d  acro le in  [8]. 
B y  p resu m in g  a sy m m etry  p lan e  b isec tin g  th e  bonds C4— C2 an d  C4— C5,
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Table П

Molecule

я-charges
(numbering of atoms 

as in Fig. 4)

N. O,.

Salicylidene-aniline -0 .2 5 3 0.189
Salicylidene-2-hydroxy-aniline -0 .2 5 4 0.184
Salicylidene-3-hydroxy-aniline -0 .2 4 9 0.188
Salicylidene-4-hydroxy-aniline -0 .2 4 5 0.188
Salicylidene-2-chloro-aniline —0.252 0.186
Salicylidene-3-chloro-aniIine -0 .2 5 0 0.188
Salicylidene-4-chloro-aniline —0.248 0.188
Salicylidene-4-methyl-aniline — 0.248 0.188

closing o f  th e  a ld eh y d e  ring  w as ach iev ed  b y  th e  s im u ltan eo u s v a r ia tio n  of 
th e  b o n d  d is tan ces  an d  bond  angles (F ig . 3). T he C— C b o n d  d is tan ces  in  th e  
b en zen e  rin g s  o f 2 -h y d ro x y -b en zy lid en e-an ilin e  w ere ta k e n  to  be 1.397 Á. F o r 
th e  tw o  fo rm s o f 2 -h y d ro x y -b en zy lid en e-an ilin e  th e  ca lcu la ted  n e t charges on 
th e  a to m s  n u m b ered  as in  F ig . 4 can  be fo u n d  in  T ab le  I I I .

F ig . 3. Bond lengths and bond angles in the aldehyde ring of the quinonoid form of salicyl- 
idene-aniline (presumed symmetry plane is indicated by broken line)

His Ню

H 2 5  H 2 4

F ig . 4 . Numbering of the atoms in salicylidene-aniline
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Table Ш

No. Atom
Net charges by CNDO/2

Benzenoid form Quinonoid form

l . c -0 .0 6 9 -0 .1 0 0
2. c 0.224 0.270
3. c -0 .0 7 1 -0 .081
4. c 0.040 0.050
5. c -0 .0 3 5 -0 .0 3 7
6. c 0.034 0.036
7. c 0.136 0.169
8. N -0 .1 8 6 -0 .221
9. c 0.121 0.134

10. c -0 .0 3 7 -0 .038
11. c 0.021 0.020
12. c -0 .0 1 6 -0 .011
13. c 0.021 0.020
14. c -0 .0 3 8 -0 .0 3 8
15. 0 -0 .2 7 7 -0 .3 2 8
16. H 0.009 0.011
17. H -0 .0 0 5 -0 .007
18. H -0 .0 0 5 -0 .0 0 4
19. H -0 .0 0 7 -0 .011
20. H -0 .0 3 3 -0 .002
21. II -0 .0 0 1 0.004
22. H -0 .0 0 7 -0 .0 0 4
23. H -0 .0 0 7 -0 .0 0 4
24. H -0 .0 0 7 -0 .005
25. H -0 .0 0 1 0.002
26. H 0.192 0.172

Total electronic 
energy -130.687555 a. u. -130.581973 a. u.

Dipole moment 2.911 Debye 2.549 Debye

T he ch arg e  d e n s ity  values o f th e  ben zen o id  fo rm  come up to  e x p e c ta tio n s : 
on th e  C -atom s o f  th e  benzene rings th e re  are  sm all charges w hich a re  n e g a tiv e  
on th e  3, 5, 10, 12 an d  14 atom s (in o- an d  p -p o s itio n s  to  th e  — O H  a n d  = N  
groups) an d  p o sitiv e  on th e  4, 6, 11 and  13 a to m s  (in m -position to  th e  — O H  
an d  = N —  gro u p s). T he la rg es t p o la riza tio n  e ffec t occurs on th e  — O H  g ro u p ,
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th e  n e g a tiv e  charge on th e  О -a to m  being s ig n if ic a n tly  g rea ter th a n  th e  p o sitiv e  
c h a rg e  o n  th e  H -a to m . T h is is in  acco rdance  w ith  th e  loosened c h a ra c te r  o f  th e  
p ro to n  o f  th e  h y d ro x y  g roup  observed  e x p e rim e n ta lly . There is also co n sid e r
ab le  c h a rg e  on th e  N -a to m  an d  som ew hat sm a lle r  p o sitiv e  charge on th e  C -atom  
o f th e  azo m e th in e  group .

T h e  e x p e rim e n ta l d ipo le  m o m en t o f  th e  u n s u b s titu te d  sa licy lidene  an iline  
is 2 .3 9  D  [9]. T his v a lu e  is in  good ag reem en t w ith  th a t  (2.30 D) c a lc u la te d  b y  
v e c to r ia l  a d d itio n  from  ex p e rim en ta l v a lu es  fo r  benzalan iline an d  o -h y d ro x y - 
b e n z a ld e h y d e  [10]. T h e  d ipole m om en ts o f  th e  tw o  form s ca lcu la ted  b y  CN D O /2 
(4. c o lu m n  in  T ab le  IV ) show  close re sem b lan ce  to  those ca lcu la ted  fro m  ex-

ТаЫе IV

Substance
Dipole moment (in Debyes)

Exp. Calcd. This work

Salicylidene aniline 2.39a) 2.30b)
quinonoid form 2.8a) 2.55
benzenoid form 2 7 a) 2.91

*> M i n k i n , V. I. et a l :  Doki. Akad. Nauk. USSR, 14 5 , 336 (1962) 
b) M a k á r y , A.: Unpublished result

p e r im e n ta l  d a ta  (3. co lum n in  T ab le  IV ) th o u g h  th e y  are in  rev e rsed  o rder. 
U n fo r tu n a te ly  th e  sm all d ifference in  th e  e x p e rim e n ta l values of th e  tw o  form s 
does n o t  allow  estab lish in g  th e  rea l t r e n d  in  th e  change of d ipo le m o m en ts .

T h e  q u in o n o id  fo rm  is fo u n d  b y  th e  C N D O /2 calcu lations to  be  less s tab le  
th a n  th e  benzeno id  one th e  difference in  to ta l  e lec tron ic  energies b e in g  ~ 0 .1  
a .u . (T ab le  I I I ) .  T h o u g h  th e re  are  la rg e r ch a rg es  on  th e  atom s o f th e  q u in o n o id  
fo rm , s t i l l  th e  re su ltin g  d ipo le  m o m en t o f  i t  is sm a lle r th a n  th a t  o f  th e  b en ze 
n o id  fo rm . B y  co m p arin g  th e  charge  d is tr ib u tio n s , i t  can be seen t h a t  th e  
ch a rg e s  on  th e  C2 an d  0 15 a to m s as w ell as on th e  azom ethine n itro g e n  o f th e  
q u in o n o id  fo rm  are  la rg e r th a n  tho se  on  th e  co rrespond ing  a to m s in  th e  b e n 
zen o id  fo rm . O n th e  o th e r  h a n d , th e  p o s itiv e  ch a rg e  on th e  H 26 a to m  o f th e  
k e to - fo rm  is sm aller th a n  th a t  o f th e  en o l-fo rm . The abso lu te  v a lu e  o f  th e  
d iffe re n c e  in  th e  charges is sm aller fo r th e  c o v a le n tly  bonded N-—H  a to m s in  
th e  q u in o n o id  form  (0.049) th a n  for th e  c o v a le n tly  bonded О— H  a to m s in 
th e  b e n z e n o id  form  (0.085). F ro m  th is  fa c t,  o n e  can  come to  th e  conclusion  
t h a t  th e  H 26 a to m  is b o u n d  b y  th e  N -a to m  o f  th e  qu inonoid  form  m ore  s tro n g ly  
th a n  b y  th e  О -a to m  o f th e  benzeno id  fo rm . T h e  appearance  an d  th e  in te n s i ty  
o f  th e  n ew  b a n d  over 400 n m  is v e ry  lik e ly  in  close relation  w ith  th e  sh if t o f 
th e  e q u ilib r iu m  b e tw een  th e  tw o  fo rm s, in  f a v o u r  of th e  qu inono id  fo rm , b y  
th e  e ffe c ts  m en tio n ed  earlie r.

*
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S P E K T R O P H O T O M E T R I S C H E  U N T E R S U C H U N G  

D E R  B A S E - K A T A L Y S I E R T E N  O X I D A T I O N  D E S  

3 - H Y D R O X Y -  U N D  3 - A M I N O - F L A V A N O N S

É . R . D á v i d , M. R á k o s i , G . B .  S z a b ó  und R . B o g n á r

(Lehrstuhl fü r  Organische Chemie der L ajos K ossuth Universität, Debrecen)

Eingegangen am  12. April 1978 

Zur Veröffentlichung angenom m en am  23. Novem ber 1978

Die Untersuchung der Veränderung der Spektren von 3-H ydroxy-flavan on und  
3-Am ino-flavanon in Abhängigkeit vom  pH  zeigte, daß beide V erbindungen sich in 
alkalischen Pufferlösungen in D erivate höherer O xidationsstufen, nam entlich  in 
3-H ydroxy-flavon bzw. 3-Am ino-flavon um setzen . E s wurde festgestellt, daß der Prozeß  
eine irreversible, basenkatalysierte, durch L uftsauerstoff hervorgerufene O xidation  ist.

D ie n a tü rlic h e n  u n d  sy n th e tisch en  F lav o n o id v erb in d u n g en  k ö n n e n  a u f 
G ru n d  der O x id a tio n sstu fe  d er d ie zw ei a ro m atisch en  R inge v e rb in d e n d e n  
P ro p a n k e tte  in  versch iedene G ru p p en  e in g eo rd n e t w erden [1, 2, 3 ]. A lle F la 
v o no ide  verfügen  ü b e r ein ch a ra k te ris tisch e s  U V -S pek trum  m it g u t d e fin ie rten  
B an d en  [3, 4 ], w odurch  sie v o n e in an d e r g u t un te rsch ied en  w erden  kö n n en . 
D iese sp ek tra len  E ig en sch aften  s ind  g le ichzeitig  auch  dazu  gee igne t, F la v o 
n o id v erb in d u n g en  m it versch iedenen  O x id a tio n sstu fen  in  O x id a tio n s- oder 
R ed u k tio n sv o rg än g en  zu verfolgen.

B ei den  U n te rsu ch u n g en  d e r V e rän d e ru n g  d er S p ek tren  v o n  d en  in  S te l
lu n g  3 m it e iner H y d ro x y l- bzw . A m in o g ru p p e  su b s titu ie r te n  F la v o n - und  
F la v a n o n d e riv a te n  m it dem  p H -W e rt u n d  d e r S ta b ilitä t h ab en  w ir gezeigt, 
d a ß  —  u n te r  b e s tim m ten  u n d  v e rh ä ltn ism ä ß ig  einfachen  B ed in g u n g en  —  das 
3 -H y d ro x y -flav an o n  u n d  das 3 -A m in o -flav an o n  sich in  e iner P u ffe rlö su n g  m it 
a lka lischem  p H  irrev ersib e l zu einer e in h e itlich en  V erb indung  m it e in er höh eren  
O x id a tio n ss tu fe , zu  3 -H y d ro x y -flav o n  bzw . 3-A m ino-flavon o x id ie r t. W ir 
h ab e n  die O x id a tio n  n ich t n u r  sp e k tro p h o to m e trisc h  sondern  au ch  a u f  p rä 
p a ra tiv e m  W ege nachgew iesen.

Experim enteller Teil

Die zu den Spektrenaufnahm en verw andten Substanzen wurden auf die von  uns früher 
beschriebene W eise hergestellt [5]. Die Spektren wurden m it einem  UNICAM  SP  800 Spektro
photom eter gem essen, die äthanolischen Stam m lösungen m it einer K onzentration von  1 .1 0 _s M  
wurden entsprechend verdünnt. Zur pH -M essung wurde ein M ETHROM -Apparat und eine 
kom binierte Glaselektrode m it “ U ” Bezeichnung angew andt. Die Pufferlösungen wurden nach  
B r it t o n — R o b in so n  bereitet [6]. Die kinetischen M essungen wurden in Pufferlösungen m it 
einer K onzentration von  1 .10-1 bzw. 5 .IO-6  M  durchgeführt [7].
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Zur präparativen K ontrolle des O xidationsvorganges wurden etw a 500 mg 3 -H ydroxy-  
flavanon  bzw . 3-A m ino-flavanon. HCl in 25 m l Ä thanol bzw . in 25 ml 2N  äthanolischer N atron
lauge un ter  gelinder Erwärm ung gelöst. D ie äthanolische Lösung des 3-H ydroxy-flavanons  
wurde a u f pH  11 e ingestellt und nach etwa einstündigem  Stehen wurde die Lösung m it e in igen  
Tropfen konzentrierter Salzsäure angesäuert. Analog wurde auch die alkalische Lösung des 
3-A m ino-flavanons behandelt. D ie leich t sauren L ösungen w urden in Vakuum  kalt konzentriert 
und die ausgeschiedenen Substanzen aus Ä thanol kristallisiert. Die erhaltenen Produkte, 
3-H yd roxy-flavon  bzw. 3-A m inoflavon. HCl wurden spektrophotom etrisch und durch Schm elz
punktsbestim m ung identifiziert.

Ergebnisse und D iskussion

D ie  V eränderung  der U V -Spek tren  in  A bhäng igke it des pH -W ertes

D ie  S p e k tre n d a te n  des 3 -H y d ro x y -flav o n s s in d  in  T abelle I  angegeben .
D a s  S p e k tru m  ze ig t in  e iner P u ffe rlö sung  m it sau rem  p H  keine w esen tliche  

V e rä n d e ru n g  im  V erg leich  m it d er in  ä th an o lisch e r L ösung  gem essenen K u rv e , 
eine V ersch ieb u n g  des p H  in  den  a lkalischen  B ere ich  b r in g t jed o ch  eine b e d e u 
te n d e  V e rä n d e ru n g  des C h a ra k te r  des S p e k tru m s m it  sich (A bb. 1). W en n  die 
a lk a lisch e  P u ffe rlö su n g  an g esäu e rt w ird , k a n n  das u n v e rän d e rte  S p e k tru m  
des 3 -H y d ro x y -flav o n s  gem essen w erden.

D ie  V e rän d e ru n g  des U V -S pek trum s m it  d em  p H -W e rt is t a u f  die D is
so z ia tio n  d e r C j-H y d ro x y lg ru p p e  zu rü ck zu fiih ren . W äh ren d  die A b so rp tio n  d e r 
m o le k u la re n  F o rm  in  das G eb ie t d er k ü rz e re n  W ellen längen  fä llt (344 n m ), 
a b so rb ie r t  die ion ische F o rm  be i längeren  W ellen län g en  (405 nm ).

D ie  S p ek tren  des 3 -H y d ro x y - u n d  des 3 -A m ino-flavanons sind  in  ä th a 
n o lisch er L ösung  seh r äh n lich , u n te rsch e id en  sich  ab e r w esentlich  v o n  dem  
S p e k tru m  des 3 -H y d ro x y -flav o n s  (Tabelle I).

D a s  S p e k tru m  des 3 -H y d ro x y -flav an o n s  ze ig t im  p H -B ereich  v o n  1 b is 
8 p ra k tis c h  k eine  V erän d e ru n g en , in  e iner P u ffe rlö su n g  ü b er p H  9 je d o c h  er-

Abb. 1. Spektrum veränderung des 3-H ydroxy-flavons in  einer Pufferlösung m it alkalischem  
pH . M :  1 • 10- 4 ; (1) pH  7; (2) pH  8; (3) pH  9; (4) pH  10; (5) pH  11
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Tabelle I

Spektrendaten von 3-H ydroxy-flavon sowie 3-Hydroxy- und 3-A m ino-flavanon
(M : 1 • 10~4)

3-Hydroxy-fl« von 3-Hydroxy-flavanon 3-Amino-flavanon • HCl

Äthanol 0.01ЛГ NaOH Äthanol 0,01 N  NaOH Äthanol 0,011V NaOH

344 (4,10) 405 (4,13) 322 (3,53) 405 (4,13) 320 (3,62) 360 (3,95)

306 (4,00) 320 (3,60)* 252 (3,94) 320 (3,60)* 253 (4,06) 305 (3,78)*

243 (4,18) 275 (4,00)* 216 (4,46) 275 (4,00)* 216 (4,48) 245 (4,30)

216 (4,28) 235 (4,26) 235 (4,26)

* Inflexion

sch e in t die auch bei 3 -H y d ro x y -flav o n  a u ftre te n d e  neue B an d  h e i 405 n m  (Abb. 
2). D ie Z unahm e d er E x tin k tio n  d iese r B an d e  m it der Z eit is t  g u t  zu  verfolgen. 
S om it k ö nnen  die zu  den  einzelnen  p H -W e rte n  gehörenden k in e tis c h e n  K urven  
e rh a lte n  w erden (A bb. 3 u n d  4).

W enn m an  die P u ffe rlö su n g en  des 3 -H y d ro x y -flav an o n s m i t  einem  pH  
von  10— 12 n ach  d er S tab ilis ie ru n g  d e r  E x tin k tio n  m it S a lz sä u re  ansäuert 
(A bb. 3), w ird  das S p e k tru m  des 3 -H y d ro x y -flav o n s e rh a lte n . D ies  w eist da
ra u f  h in , daß  in  d er a lka lischen  P u ffe rlö su n g  ein O x id a tio n sv o rg an g  v o r sich 
g eh t und  die V erän d eru n g  des S p e k tru m s  eine Folge d er d u rc h  O x id a tio n  ein
g e tre ten en  S tru k tu rv e rä n d e ru n g  is t .

A us den a u f  G ru n d  d er Z u n ah m e d e r E x tin k tio n  d e r B a n d e  b e i 405 nm  
k o n s tru ie r te n  K u rv en  (A bb. 4) k a n n  d ie  vom  p H  ab h än g en d e  S ta b ili tä tsk o n 
s ta n te  des 3 -H y d ro x y -flav an o n s bzw . die vom  p H  a b h ä n g e n d e  O x id a tio n s
geschw ind igkeit b e rech n e t w erden  (T abelle  I I ) .  A ußerh a lb  des alkalischen 
pH -B ereichs g eh t die O x id a tio n  w ed er in  po laren , noch in  a p o la re n  Lösungs
m itte ln  vo r sich.

Abb. 2. Spektrum veränderung des 3-H ydroxy-flavanons in einer P ufferlösung m it alkalischem  
pH . M :  1 • 10“ 4; (1) pH  7; (2) pH  8; (3) pH 9; (4) pH  10; (5 ) p H  11
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A bb. 3 . Zeitliche Veränderung des Spektrum s von 3 -H ydroxy-flavan on  in einer Pufferlösung 
n ach  B ritton-R obinson m it e in em  p H  von  10. M :  1.33 • 10 - 4 ; t =  0 (1); Zli =  15 Min. (2); 

Spektrum  der n a ch  160 Min. angesäuerten L ösu ng (3)

A bb. 4 . Zunahm e der E xtink tion  der B and e bei 405 nm des 3 -IIydroxy-flavan ons in Abhängig
keit von der Zeit in  P ufferlösu ngen  mit pH -W erten v o n  8, 7 , 9, 10 und 11

Tabelle II

Geschwindigkeit der vom p H  abhängenden Oxidation des 3-H ydroxy- und 3-Amino-flavanons
(t = 2 5  C°)

pH к • sec-1 • IO-2 3-Hydroxy- 
flavanon % pH к  • sec-1 • 10-i 3-Amino- 

flavanon %

9 0,145 26

10 2,655 86 10 1,590 36,4
11 7,179 100 11 6,020 69,8
I N  NaO H 10,425 100 11,8 25,300 100
2 N  N aO H sehr schnell 100 IN  NaOH sehr schnell 100
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Abb. 5. Zeitliche Veränderung des Spektrum s von  3-Am ino-flavanon • HCl in  einer Puffer
lösung nach B ritton-R obinson m it einem  pH  von  10. M :  1.05 • 10~4; t =  0 (1); A t =  5 Min. 

(2); Spektrum  der nach 100 Min. angesäuerten Lösung (3)

E in  ähn licher O x id a tio n sv o rg an g  w u rd e  auch  bei d er U n te rsu c h u n g  der 
vom  p H  ab h än g en d en  S p e k tru m v e rä n d e ru n g  des 3 -A m in o -flav an o n s beo
b a c h te t.

D  as 3 -A m ino-flavanon  is t  als B ase eine sehr labile V e rb in d u n g  u n d  k ann  
n u r  in  F o rm  des C h lo rh y d ra ts  a u fb e w a h rt w erden . Die B ase w ird  in  G egenw art 
v o n  L u ftsa u e rs to ff  o x id ie rt u n d  je  n ach  den  B edingungen  k ö n n e n  als B eak- 
tio n sp ro d u k te  3 -H y d ro x y - bzw . 3 -A m ino-flavon  nachgew iesen  w e rd e n . A ußer 
d e r O x id a tio n  k a n n  also au ch  von  der H y d ro ly se  der A m in o g ru p p e  gesprochen  
w erden . In  Lösung k a n n  die A nw esenheit von  A m m onium  m it  H ilfe  des 
N essler-B eagens nachgew iesen  w erden .

D ie H ydro lyse  m uß  h ie r  d er O x id a tio n  vorausgehen , w eil u n se re n  sp e k tro 
skop ischen  M essungen n a c h  3-A m ino-flavon  —  in  o x id ie rte r F o rm  —  u n te r  
den  von  uns angegebenen  B ed ingungen  n ic h t h y d ro ly s ie rt w ird .

D em en tsp rech en d  e n ts te h t  im  p H -B ere ich  von  9— 11 n eb e n  3 -H y d ro x y - 
f la v o n  n u r  eine k leine M enge 3-A m ino-flavon , w ährend  n ach  den  sp e k tro p h o to - 
m e trisch en  M essungen be i p H -W e rte n  ü b e r 11 n u r  3 -A m in o -flav o n  in  einer 
seh r schnellen  B eak tio n  g eb ild e t w ird  (A bb. 5 u n d  6, bzw . T ab e lle  I I ) .

Beschreibung des M echanism us des Oxidationsvorganges

D ie O x ida tion  des 3 -H y d ro x y - u n d  3-A m ino-flavanons k a n n  m an  sich 
äh n lich  wie die O x id a tio n  d e r a -H y d ro x y ca rb o n y lv e rb in d u n g en , d e r  so g en an n 
te n  A cy lcarb inole , v o rg este llen . Diese V erb indungen  b ild en  im  alkalischen  
M edium  ein ta u to m e re s  “ E n d io l”  bzw . “ E n d io la t-d ian io n ” , die b e fä h ig t sind, 
ä u ß e rs t  schnell zu den  e n tsp rech en d en  D ica rb o n y lv e rb in d u n g en  zu  oxid ieren
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A bb. 6. Zeitliche Veränderung d es Spektrums von 3-A m ino-flavanon • HCl in einer Puffer
lö su n g  nach Britton-R obinson m it  einem  pH von 11,8. M : 1 ■ 10~ 4; t =  0 (0); At =  2 Min. 

(1, 2, 3, 4); S p ek tru m  der nach 30 Min. angesäuerten  Lösung (5)

b z w . sich  u n te r den g eg e b e n e n  U m ständen  w e ite r  um zuw andeln  [8]. E b en  
d e s h a lb  is t die w ich tig s te  E ig en sch a ft der E n d io le  das R ed u k tio n sv erm ö g en , 
sie  w e rd e n  auch “ R e d u k to n e ”  genann t. Die O x id a tio n  d er E ndio le  k a n n  auch  
in  n e u tra le m  oder le ic h t s a u re m  Milieu u n te r  v e rh ä ltn ism ä ß ig  m ilden R ed in 
g u n g e n  (z. B. L u ftsa u e rs to ff)  v o r  sich gehen, w ä h re n d  das im  alkalischem  Me
d iu m  en ts teh en d e  E n d io la t-d ia n io n  noch le ic h te r  o x id ie r t  w ird  [9].

D ie  O xidation  des 3 -H y d ro x y -flav an o n s  im  a lka lisch en  M edium  k a n n  
n a c h  u n se re r  A nnahm e w ie  o b e n  beschrieben w e rd e n , ab e r die O x idation  geh t 
n a c h  d e n  S p ek tren m essu n g en  n u r  in  P u ffe rlö sung  m it  v e rh ä ltn ism äß ig  hohem  
p H  v o r  sich, was nahe  le g t, d a ß  die B ildung d e r  ta u to m e re n  E n d io l-F o rm  eine 
V o ra u sse tz u n g  ist:
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Im  alkalischen  M edium  w ird  d ann  das e n ts ta n d e n e  E n d io la t-d ia n io n  zu 
dem  en tsp rech en d en  D ik e to n  bzw . zu seiner s ta b ile re n  F o rm , zu 3 -H y d ro x y - 
flav o n  o x id ie rt, das in  a lka lisch er P u ffe rlö su n g  das S p ek tru m  d e r ion ischen  
F o rm  g ib t.

3 -A m ino-flavanon  lie fe rt — je  n ach  dem  p H  —  zwei O x id a tio n sp ro d u k te : 
das 3 -H y d ro x y -flav o n  bei n iedrigem  p H  (p H  9— 10) u n d  das 3 -A m ino-flavon  
hei höherem  p H  (ü b er p H  11). Zwischen p H  10 u n d  11 k an n  m an  b eide  P ro d u k 
te  fin d en . W eil die B ild u n g  des 3-A m ino-flavons m it g rößerer G eschw ind igkeit 
als die des 3 -H y d ro x y -flav o n s  v o r sich g eh t, k a n n  angenom m en w erd en , daß  
die а -ständ ige  A m in o g ru p p e  die B ildung  d e r ta u to m e re n  enolischen  F o rm  
b eg ü n s tig t u n d  d a d u rc h  die G eschw indigkeit des O x id a tionsvorganges e rh ö h t 
w ird :

Die B ildung  des 3 -H y droxy-flavons zw ischen  p H  10 und  11 k a n n  fo lgen
d erm aß en  angegeben  w erden :
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E in en  ähn lichen  O x id a tio n sv o rg an g  h ab e n  w ir a u f  G rund  d e r  S p e k tre n 
m essu n g en  auch be i d en  im  R in g  “ B ”  in  P o sitio n  C4, m it e iner H y d ro x y - bzw . 
M e th o x y g ru p p e  s u b s ti tu ie r te n  3 -H y d ro x y -fla v a n o n d eriv a te n  bzw . beim  
3 -C y clo h ex y lam in o -flav an o n  b e o b a c h te t. B ei d iesen  V erb indungen  e n ts ta n d  
—  b e i gegebenem  p H -W e r t —  einh e itlich  u n d  irrev e rsib e l das e n tsp re c h e n d  
s u b s ti tu ie r te  D e riv a t des P ro d u k te s  m it h ö h e re r O x id a tio n sstu fe .
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Studies on the through conjugation o f sulfur atom  over silicon and on the ex is
tence of “ through-bond” interaction betw een sulfur atom s in com pounds containing  
S— Si and S — Si— S bonds do not give unam bigous results if  only a liphatic or a licyclic  
com pounds are investigated  by UV spectroscopy. Therefore the investigations were 
extended to the UV  spectra of com pounds containing Ar—Si— S grouping in order to 
draw conclusions on the basis o f the changes observed in the spectra o f the arom atic  
system s. A n interaction  o f the sulfur atom s w ith  the arom atic system  m ay be deduced  
from the spectra. The ex ten t o f this effect is sim ilar in the analogous silicon and carbon 
derivatives. On the other hand, the bathochrom ic shift o f  the a  and p  bands for the 
silicon com pounds indicates that the lone pairs o f sulfur atom  can form  a conjugative  
connection w ith  the arom atic ring, m aking use o f the vacant silicon d orbitals. The 
degree of the effect o f the lone pairs is rather sim ilar to th a t o f  chlorine in the analo
gous derivatives.

In tro d u c tio n

In  ou r p rev io u s p a p e r [ l ]  a s tu d y  of th e  u ltra v io le t sp e c tra  o f  som e a lip h a t
ic and  sa tu ra te d  cyclic com pounds c o n ta in in g  S— Si or S— Si— S b o n d  was 
rep o rted . T he in te rp re ta t io n  o f th e  u ltra v io le t  sp ec tra  an d  o u r conclusions 
w ere su p p o rted  b y  P E S  resu lts . T he a b so rp tio n  b a n d  fo u n d  b e tw een  220 and  
240 nm  in  th e  sp e c tra  w as show n to  h a v e  n —  a* c h a ra c te r . T h e  n —  a * 
tra n s itio n  has a h ypsoch rom ic  sh ift in  th e  sp e c tra  o f silicon com pounds as 
com pared  w ith  th e  sp ec tra  o f th e  co rresp o n d in g  carbon  d e riv a tiv e s ; th is  can  
be exp la ined  b y  (d  —  p )л  in te ra c tio n  b e tw een  th e  lone p a ir  o f th e  su lfu r a tom  
an d  th e  v a c a n t silicon d  o rb ita l.

C onsidera tion  o f a th ro u g h  co n ju g a tio n  o f  th e  su lfu r a to m s over silicon 
or o f a th ro u g h -b o n d  in te ra c tio n  betw een  su lfu r a tom s did  n o t  lead  to  an y  
u n am biguous re su lt. T he sp ec tra  of th e  co m pounds belong ing  to  th e  series 
(C H 3CH2S)nSi(C H 3)4_ n d iffer from  one a n o th e r  only  in  th e  in te n s ity  o f  th e  
b a n d s , in d ica tin g  th e  iso la tion  o f th e  su lfu r  a tom s. On th e  o th e r  h an d , in  
com pounds w here  th e  tw o  su lfu r a tom s a re  fa r  from  each  o th e r  (in 1 an d  4 
positions), on ly  a w eak  shou lder can  be o b se rv ed  in  th e  reg ion  220 to  240 nm . 
T h is ex p e rim en ta l fa c t p o in ts  to  th e  m u tu a l effect o f th e  n e a r  su lfu r a tom s. 
N o unam b ig u o u s conclusions can be d raw n  on th e  basis o f  p h o to e lec tro n
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s p e c t r a l  d a ta , e ither. A cco rd in g  to  th ese  sp e c tra , th e  d eg en era tio n  o f  th e  n 
le v e ls  o f  su lfu r atom s in  S— C— S b o n d  is ra ised ; th e  levels a re  sp lit in  a sm all 
d e g re e . T h is  slight sp littin g , h o w ev e r is w ith in  th e  ex p e rim en ta l e rro r.

I n  th is  paper we r e tu rn  to  th is  p rob lem  an d  t r y  to  give a co rrec t answ er. 
O u r  h y p o th e s is  is th e  fo llo w in g . T h e  in v es tig a tio n  o f  th e  fa r  in te ra c tio n s  in  
a l ip h a t ic  system s is tro u b le so m e  because o f th e  re la tiv e  sim p lic ity  an d  in se n 
s ib i l i ty  o f  th e  u ltrav io le t s p e c tra .  A ro m atic  system s a re , how ever, v e ry  sensi
t iv e  to  th e  effect of m obile lo n e  p a irs . T hus, e.g. th e  sp ec tru m  o f b en zen e  is 
e n t i r e ly  “ d is to rted ”  in  th e  c a se  o f  C6H 5SH  ow ing to  a v e ry  s tro n g  ch arg e  t r a n s 
fe r  in te ra c tio n . Therefore o u r  r e c e n t conclusions a re  b ased  on th e  u ltra v io le t  
s p e c t r a  o f  arom atic  system s w i th  Si— S or S— Si— S fra g m e n t in  th e  m olecule .

E xperim en ta l

Com pounds 1—9 in Table I  w ere prepared b y  the reaction o f the appropriate alkyl- 
m erca p ta n  and chlorosilane d er iv a tiv es in the presence o f triethylam ine in benzene solution  
[2, 3 ] . T h e  purity  o f the com pounds w as checked by gas chrom atography and by determ ination  
o f  th e  s il ic o n  content.

T h e  U V  spectra were recorded w ith  a Spektrom om  201 instrum ent in it-hexane using  
q u a rtz  cells o f 1 and 0.2 cm th ickness. T he u ltraviolet m axim a of the com pounds and the in ten 
sities  o f  th e  absorption bands are sum m arized in Table I.

R e su lts  an d  D iscussion

T h e  UV spectra  re flec t th e  a ro m a tic  s tru c tu re . T he « b a n d  w ith  v ib ra t io n 
a l f in e  s tru c tu re  (betw een 260  a n d  270 nm ) an d  th e  p  b a n d  (betw een  216 an d  
2 2 3 n m ) c a n  read ily  be d is tin g u ish e d . F o r som e com p o u n d s, th e  positio n  o f  th e  ß  
b a n d  c a n  also be observed; in  o th e r  cases th e  positio n  o f th e  m ax im u m  can  be 
c o n c lu d e d  from  th e  shape o f  th e  sp ec tru m .

T h e  sp ec tra  of th e  l in e a r , th e  five-m em bered  an d  six -m em bered  cyclic  
c o m p o u n d s  do no t show  c h a ra c te r is tic  d ifferences. T he sp ec tra  o f m ono- 
a n d  d ip h e n y l com pounds d iffe r  fro m  each o th e r —  as ex p ec ted  —  f ir s t  o f  all 
in  in te n s i ty ,  which increases fo r  th e  d ip heny l d e riv a tiv e s . In  ad d itio n , a  s lig h t 
b a th o c h ro m ic  shift is o b se rv ed  fo r th e  d ip h en y l d e riv a tiv e s  in  com p ariso n  
w ith  th e  m o n o su b stitu ted  c o m p o u n d s ; th e  sh ift is 1 to  7 n m  in  th e  p  b a n d  an d  
s o m e w h a t sm aller in th e  a  b a n d . T h is fa c t in d ica tes  co n ju g a tio n  of th e  p h e n y l 
g ro u p s  in  a sm all degree, th ro u g h  th e  silicon a to m .

T h e  sp ec tra  of co m p o u n d s 8 an d  9 in d ica te  th a t  an  increase  of th e  n u m b e r 
o f  s u lfu r  a to m s results in  th e  in c re a se d  in te n s ity  o f  th e  b an d s .

T a b le  I I  gives a co m p ariso n  o f  th e  u ltra v io le t m ax im a  o f som e co m pounds 
w ith  th e  general fo rm ula CeH 5Si(C H 3)X 2 (X  =  C H 3, F , Cl, SC2H 5) [4, 5]. 
A  b a th o c h ro m ic  d isp lacem en t c a n  be  seen from  th e  d a ta  fo r silicon co m pounds 
as c o m p a re d  w ith  the  an a lo g o u s ca rb o n  d e riv a tiv e s . T h is is caused  b y  th e  in-
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Table I

U V  maxima and intensities o f  the compounds investigated 

(The asterisk indicates a shoulder at the given position)

No. 1 Compound

a band CT band p band ß band

[nm] lg« [nm] !g« [am] lg в m̂ax 
[nm] 'ge

l / ~ \  Г '

\  Ä
4— S Ph

273
266
260*

2.79
2.91
2.94

220 4.15 194 4.73

2

3

/---- S Ph
/  \  /

\  /  \N— S СНз

272 2.55 236* 3.43 218 4.14 198 4.51

H3C—

— S Ph
\  /
Si

/  \
— S Ph

273 2.86 245* 3.63 223 4.27

4

5

m e —

— & Ph
\  /
Si 

/  \
— S СНз

272
266

2.44
2.58

245* 3.05 217 3.88 192 4.44

— S Ph
\  /
Si 

/  \
— S Ph

274
267

2.88
3.05

245* 3.55 221 4.20 197 4.83

6
— S Ph

\  /
Si 

/  \
— S СНз

274
266

2.45
2.61

245* 3.13 220* 3.86 194 4.52

7
CIIjCHjS ^  y P h  

CHjCHjS ^  \ p h

273
266
261

2.85
2.99
3.01

245* 3.50 222* 4.28 195 4.85

8

9

CH,CH,SN̂  ^ P h  

CHjCHjS /  \ ш ,

272
265

2.44
2.59

238* 3.24 216* 3.91

(CHsCHtS)aSiPh
273
266

2.70
2.84

240* 3.43 218*
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Table II

U V  data fo r some methylphenylsilanes 
(^max in nm)

Band
PhC(CHs)3 PhSi(CH3)3 PhSi(CH3)F2 PhSi(CH3)Cl2 PhSi(CH3)Br2 PhSi(CH3)

(SCH2CH3)2

^max Ig£ ^max lg e ^max lg e ^max lg e ^max Ige ^max lg 3

266 2.07 270 2.10 270 2.66 272 2.58 273 2.52 272 2.44

a 263 2.13 265 2.24 264 2.74 265 2.68 266 2.64 265 2.59

257 2.20 258 2.26 258 2.60 259 2.56 260 2.55

251 2.14 252 2.23 253* 2.39 254* 2.37 255* 2.39

CT 238* 3.24

p 208 3.98 211 4.00 211 3.83 216 3.88 218 3.73 216 3.91

ß — 185 — 191 — 192

d u c tiv e  effect of th e  silicon  an d  (d — p )л  b o n d  b e tw een  th e  silicon a to m  an d  
th e  p h e n y l group. T he d iffe rence  of th e  sp ec tra  w ith  th e  v a ria tio n  o f s u b s ti tu e n t  
X  can  be  exp la ined  b y  th e  change in  th e  in d u c tiv e  e ffec t of X ; in a d d itio n , th e  
lone  p a ir  o f X  can fo rm  a co n ju g a tiv e  co n n ec tio n  o f  v a ry in g  e x te n t w ith  th e  
silicon [5]. On th e  b as is  o f th e  d a ta  in  T ab le  I I  i t  is ev id en t th a t  th e  e ffec t o f 
— SC2H 5 groups is a b o u t th e  sam e as th a t  o f ch lo rin e .

T h e  sp ec tra  d iffe r fro m  those  of benzene d e riv a tiv e s  w ith  w eak  s u b s t i t 
u e n ts  in  th e  d isap p ea ran ce  o f  th e  m in im um  b e tw e e n  th e  a and p  b an d s , th u s  
a m o n o to n ic  increase o f  th e  e x tin c tio n  coeffic ien t is o b served  tow ards th e  s h o r t
er w av e len g th s . S ince th e  in te n s ity  of n —  cr* tra n s it io n s  expected  in  th is  
reg ions is m uch sm alle r [1], th e se  can n o t be  re sp o n sib le  for th e  d isap p ea ran ce  
o f  th e  m in im um . T h u s  th e  fo rm atio n  of a new  b a n d  in  th e  range o f 230 to  
250 n m  seem s to  be a rea so n ab le  assu m p tio n , w h ich  is supp o rted  b y  th e  a p 
p e a ra n c e  o f a shou lder in  th e  sp ec tra . F igure  1 an d  T a b le  I I I  give an  e x p la n a tio n  
fo r th e  fo rm a tio n  of th is  b a n d . The d a ta  for th e  c a rb o n  derivatives in  th e  T ab le  
w ere ta k e n  from  th e  p a p e r  o f  F e h n e l  and  Ca r m a c k  [6].

F o r C0H 5SC2H 5 a v e ry  in ten se  b and  is o b se rv ed  a t  256 nm , w hich can  be 
a t t r ib u te d  to  charge t r a n s fe r  in te rac tio n  o f th e  lo n e  p a ir  o f su lfur w ith  th e  
p h e n y l g roup . The a b a n d  ap p ears  in  th e  sp e c tru m  on ly  as an in flex io n  a t  
270 n m . I f  th e  a ro m a tic  r in g  is iso lated  from  th e  su lfu r  a tom , the  in te n s i ty  o f 
th e  CT b an d s  will g ra d u a lly  decrease and a u su a l sp e c tru m  of a ro m atic  c h a r 
a c te r  w ill develop. I t  can  be  seen th a t  one ca rb o n  a to m  is n o t enough to  iso la te  
th e  a ro m a tic  ring , b u t  th e  in te n s ity  of th e  CT b a n d  will dim inish an d  th e  a  
b a n d  beg ins to  ap p ea r. In  th e  case of tw'o ca rb o n  a to m s, th e  CT b a n d  is no 
longer observed  and  a t  th e  sam e tim e  th e  f in e  s t ru c tu re  of the  a b a n d  can  be
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Fig. 1. The appearance of the CT band in th e  presence of various isolating groups

Table III

U V  m axima (in  nm ) and intensities o f  arom atic systems containing sulfur

Band
PhSCH2CH3 PhCH2SCH2CH3 Ph(CH2)2SCH2CH3 PhSi(CH3)(SCH2CH3)2

^max ig e •̂inax ]g e Am*x ■g£ ^max lgc

270* 3.40 265 2.40 268 2.15 272 2.44

260* 2.58 265 2.25 265 2.59

a 259 2.35

253 2.28

248 2.22

CT 256 3.90 240 3.90 - 238

p 210 212 3.95 216* 3.91

d is tin g u ish ed . T he iso la tin g  effect of a silicon  a to m  is roughly  e q u iv a le n t to  
t h a t  o f ca rbon . A lth o u g h  th e  d istance b e tw een  th e  a rom atic  ring  an d  th e  su lfur 
a to m  is la rg e r in  th e  p resence  of a silicon a to m , a t  th e  sam e tim e  th e  size o f  th e  
lone  p a ir  o f th e  su lfu r is increased  [7] b ecau se  o f  th e  sm aller e le c tro n e g a tiv ity  
o f silicon; th e re fo re  th e  e x te n t of CT in te ra c tio n  rem ains u n ch an g ed .
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The influence o f the donor extracting agent and the so lvent w ith  respect to 
adduct form ation, containing one or two m olecules o f  the synergist, has been followed. 
Som e considerations are expressed about the m echanism  o f the synergic extraction  
w ith  m ixtures o f a chelate- and a donor extracting agent.

T he e x tra c tio n  w ith  m ix tu re s  co n ta in in g  a ch e la te  e x tra c tin g  ag en t of 
/9-diketone ty p e  an d  n e u tra l  o rgano-phosphorus e x tra c tin g  ag en ts  or h e te ro 
cyclic n itro g en -co n ta in in g  bases has been th e  su b je c t o f n u m ero u s  stud ies. 
I t  has been  e s tab lish ed  th a t  in  a n u m b er o f cases th e  s im u ltan eo u s  fo rm atio n  
o f ad d u c ts  is possib le , w hich  co n ta in  one or tw o m olecules o f  th e  d o n o r e x tra c t
ing  ag en t [1— 10].

T he questio n s a b o u t th e  a d d u c t fo rm atio n  in  th e  o rgan ic  p h ase  are  n o t 
q u ite  clear y e t ,  d e sp ite  th e  analysis  in  som e o f th e  in v e s tig a tio n s  [1— 6] o f a 
n u m b e r of fac to rs  a ffec tin g  th is  process. C o nsequen tly , th e  p re se n t p ap e r is 
an  a t te m p t, on th e  basis  o f know n ex p erim en ta l d a ta  an a ly sis , to  g ive a m ore 
com plete  p ic tu re  a b o u t th e  in flu en ce  of som e o f th e se  fac to rs  on th e  com position  
an d  s ta b ility  o f  th e  a d d u c ts  fo rm ed  in  th e  o rgan ic  phase .

T he a d d u c t fo rm a tio n  in  th e  organic p h ase  m ay  be  exp ressed  b y  th e  
follow ing e q u a tio n s:

M X n +  S ^  M X„S (1)
M X n +  2 S ^  M X nS2 (2)

M X„S +  s ^  M X „S2 (3)
w ith  eq u ilib riu m  c o n s ta n ts , fo r eq u a tio n  (1), ß 2 fo r eq u a tio n  (2) and  ß  for 
eq u a tio n  (3), re sp ec tiv e ly . In  th e  above e q u a tio n s  M X n is a m e ta l chela te  and  
S is a donor e x tra c tin g  ag en t (synerg ist).

W hen a c e r ta in  ch e la te  e x tra c tin g  ag en t is em ployed  (th en o y ltriflu o ro - 
ace tone  is u sed  in  m o st s tu d ies), th e  com position  an d  s ta b il i ty  o f  th e  ad d u c ts  
fo rm ed  depend  n o t o n ly  on th e  sy nerg ist b u t  also on th e  o rgan ic  so lven t em 
p loyed . I f  m ore  in e r t  so lven ts are  app lied , w hich  h a rd ly  re a c t w ith  th e  donor 
e x tra c tin g  a g en t, one could  ex p ec t th a t  th e  p re d o m in a tin g  ad d u c ts  w ould 
co n ta in  tw o m olecules o f each  synerg is t, as th ese  so lven ts a lm o st do n o t h inder
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c o o rd in a tio n  of th e  d o n o r m o lecu les to  th e  m e ta l ch e la te . A nd v ice  v e rsa , th e  
c o n c e n tra tio n  of a d d u c ts  c o n ta in in g  tw o m olecules o f sy n erg is t w ill decrease 
w ith  th e  increase of so lv a tio n  a b ility  o f th e  so lv en t em ployed . In  th is  case, 
th e  fo rm a tio n  of b o th  a d d u c t  k in d s  will be h in d e red , b u t  b u t  th e  second donor 
m o lecu le  w ould be h a m p e re d  m u c h  m ore. T herefo re , th e  c o n s ta n t ß 2 w ould  be 
h ig h e r ,  th e  m ore basic th e  sy n e rg is t  used and  th e  m ore  in e r t  th e  o rgan ic  so lvent. 
T h e  c o n s ta n t  ß x will be a l te re d  in  th e  sam e m an n e r, how ever, i t  w ou ld  decrease 
m o re  slow ly  th a n  ß2 in  th e  t r a n s i t io n  from  a m ore in e r t  to  a m ore ac tiv e  so lven t. 
C o n se q u e n tly , th e  ra tio  b e tw e e n  th e  equ ilib rium  c o n s ta n ts  ß2lß i w h ich  ac tu a lly  
r e p re s e n ts  th e  equ ilib rium  c o n s ta n t  ß  w ill be g re a te s t in  th e  ap p lica tio n  o f th e  
m o s t  in e r t  solvent an d  th e  m o s t basic  sy nerg ist an d  w ill decrease w ith  th e  
in c re a s e  o f so lvation  a b ili ty  o f  th e  so lvent.

T h e  above co n sid e ra tio n s  m a y  be illu s tra te d  b y  th e  e x p e rim e n ta l resu lts  
o f  v a r io u s  au thors, in c lu d ed  in  T ab le  I. T he T ab le  gives d a ta  on th e  e x tra c tio n  
o f  d if fe re n t  m etals w ith  m ix tu re s  o f  th en o y ltriflu o ro ace to n e(H T T A ) an d  donor 
e x t r a c t in g  agents. U n fo r tu n a te ly , th e  T ab le  inc ludes on ly  a sm all p a r t  o f th e  
e x p e r im e n ta l  d a ta  know n to  u s , m a in ly  concern ing  th e  synerg ic  e x tra c tio n  of 
r a r e  e a r th s ,  as in m ost p u b lic a tio n s  th e  synerg ists  an d  so lven ts u sed  w ere few 
in  n u m b e r  w hich offers no p o ss ib il i ty  of follow ing th e ir  in fluence  on th e  fo r
m a tio n  o f  th e  adducts. F u r th e rm o re , in  som e cases, th e  eq u ilib riu m  c o n s ta n t of 
o n ly  o n e  o f th e  adducts (ßx o r  ß 2) w as dete rm in ed  a lth o u g h  a t  le a s t fo r  th e  la n 
th a n id e s  th e  fo rm ation  o f b o th  k in d s  of a d d u c t h as  been  e s tab lish ed  [6— 8]. 
D e s p ite  th ese  restric tio n s, th e  an a ly s is  o f th e  d a ta  com piled  in  T ab le  I  confirm ed 
th e  c o n sid e ra tio n s  exp ressed . T h e  la tte rs  are  con firm ed  also b y  th e  d a ta  on th e  
sy n e rg ic  ex trac tio n  w ith  p a r t ic ip a tio n  of th e  ch e la te  e x tra c tin g  ag en ts  1-phen- 
y l-3 -m e th y l-4 -acy l-5 -p y razo lo n es  w hich  likew ise a re  /5-diketones [10]. This 
o ffe rs  a  possib ility  to  d raw  a  conclusion  th a t  th e  a d d u c t fo rm a tio n  in  th e  o r
g an ic  p h a s e  is a stepw ise p ro cess . P re su m ab ly , a com plex  is p r im a rily  form ed 
w h ic h  c o n ta in s  one m olecule  o f  sy n erg is t b y  rep lac in g  (p a r tly  or com plete ly ) 
o f  th e  w a te r  coord inated  to  t h e  m e ta l chelate  [6, 8 ]. T h en , d ep en d in g  on th e  
c o n d itio n s  u n d er w hich th e  e x tra c tio n  tak es  p lace, th e  a d d itio n  o f a second do
n o r  m o lecu le  will be possib le .

A s fa r  as th e  ra re  e a r th  e lem en ts  are  capab le  o f  fo rm in g  b o th  k in d s  of 
a d d u c ts  (T able I  con ta in s a re la t iv e ly  large n u m b e r o f  e x p e rim e n ta l d a ta  on 
th e  e x tr a c t io n  of eu rop ium  w ith  m ix tu re s  o f H T T A  a n d  d iffe ren t sy n erg is ts  in  
v a r io u s  so lven ts), i t  is o f in te r e s t  to  follow th e  re la tio n sh ip  b e tw een  th e  con
s ta n ts  ß 1 a n d  ß2, o b ta ined  in  th e  e x tra c tio n  of eu ro p iu m . F ig u re  1 i l lu s tra te s  th e  
re la t io n s h ip  log ß2 =  f(log ßß). I t  is ev id en t th a t  th e  re la tio n sh ip  u n d e r  con
s id e ra t io n  rep resen ts a s t r a ig h t  line , w hile th e  c o n s ta n ts  ß 1 an d  ß2 a re  re la te d  
b y  th e  e q u a tio n  log ß2 =  1.8 lo g  ß x —  0.60.

A n  a lm o st id en tica l re la tio n sh ip  is o b ta in ed  b y  th e  s ta tis t ic a l  in te rp re 
t a t io n  o f  th e  s tab ility  c o n s ta n ts . S ince s ta tis tic a lly  ß j ß  =  4 , ß ^  =  1/4 ß I and
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Table I

Equilibrium constants ß2 and ß  o f  thenoyltrifluoroacetonate adducts o f some metals

Cyclohexane Carbon tetrachloride Benzene Chloroform
Adduct Ligand Reference

l°gßl log A logß •ogA logA logß log A log ß» log/? log A log A log ß

La(TTA)3Sm TBP
MIBK ___ ___

- 4.83
2.0

9.33
2.9

4.50
0.9

-
__ ___ ___ ___ ___ 5

TOPO __ ___ __ 7.49 12.26 4.77 5.56 8.60 3.04 5.40 7.60 2.20
TBP — — — 5.36 8.96 3.60 4.27 7.13 2.86 3.63 5.40 1.77

Eu(TTA)3Sm DBSO
MIBK

— — — 5.09
1.71

8.58
2.34

3.49
0.63

— — —
1.16 1.52 0.36 5, 8

Q UIN — — — 3.48 5.16 1.68 — — — — — —

DPSO — — — — — — 3.17 5.35 2.18 — — —

TBP 5.2 8.2 3.0 5.39 7.23 1.84 _ _ _ _ _ ___

1, 7Tm (TTA)3Sm TOPO 6.84 11.32 4.48 - — — — — — — — —

La(TTA)3Sm 2,2D IP — ___ ___ ___ ___ — 4.77 6.70 1.93 ___ ___ ___

Nd(TTA)3Sm 2,2D IP 5.22 7.76 2.54 5.64 7.63 1.99 5.21 6.71 1.50 4.86 5.62 0.76
Gd(TTA)3Sm 2,2D IP — — — — — — 6.38 8.59 2.21 — — —

Lu(TTA)3Sm 2,2D IP 5.99 9.06 3.07 5.52 8.86 3.34 6.49 8.63 2.14 3.62 5.70 2.08

T BP ___ ___ ___ 5.06 8.89 3.83 ___ ___ ___ ___ __ __

Am(TTA)sSm DBSO — — — 4.97 8.48 3.51 — — — — — — 5
M IBK — — — 1.8 2.4 0.6 — — — — — —

TOPO ___ ___ ___ 5.64 10.68 5.04 _ _ _ ___ _ ___

Ca(TTA)2Sm TBP — — — 4.11 8.22 4.11 — — — — — — 1
M IBK — — — 1.83 2.66 0.83 — — — — — —

TOPO ___ ___ ___ 5.39 9.78 4.39 ___ ___ ___ ___ ___ ___

Sr(TTA)jSm TBP — — — 3.76 7.23 3.76 — — — — — — 1
M IBK — — — 1.80 2.60 0.80 — — — — — —

TBP — Tributylphosphate 
TOPO — Trioctylphosphine oxide 
DBSO — D ibutyl sulphoxide 
DPSO — Diphenyl sulphoxide

M IBK  — M ethyl isobutyl ketone
Q UIN — Quinoline
2,2D IP  — 2,2-Dipyridil
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F ig . 1. Dependence of log ß 2 on log  /1, in the extraction  of Eu w ith  m ixtures o f  H TTA and 
various synergists. (1) TOPO; (2) T B P ; (3) DBSO; (4) Q U IN ; (5) M IBK ; (6) D P SO . Solvent: 

CC14 (open circles); C6H 6 (closed circles); CHC13 (squares)

ß iß  =  ß i 1 the re fo re  ß2 =  1/4 ß 1 o f  log ß2 =  2 log  ß x —  0.60. H ow ever, th e  s im ila r
i t y  o f  th e  linear re la tio n sh ip s  is n o t a su ffic ien t p ro o f th a t  th e  s ta tis t ic a l  
o p e ra t io n s  are  valid  fo r th e  sy s tem s  d iscussed  since th e  sm all d e v ia tio n  o f  th e  
slo p e  o f  th e  ex p erim en ta lly  o b ta in e d  re la tio n sh ip  from  th e  slope of th e  th e o re t i 
ca l re la t io n  ship is due to  th e  s ig n ifican t d e v ia tio n  o f th e  ra tio  ß j ß  fro m  th e  
th e o re t ic a l  value. In d eed , th e  d a ta  co n ta in ed  in  T ab le  I  show  th a t  in  m o s t cases 
th e  r a t io  ß j ß  differs s ig n if ic a n tly  from  th e  v a lu e  four, w hich  co n firm s th e  
s ta te m e n t  th a t  th e  system s u n d e r  co n sid e ra tio n  are  n o t ideal.
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OXIDATIVE REARRANGEMENT OF CHALCONES 
WITH THALLIUM(III) NITRATE, X*

IS NITRATIO N A SIG N IF IC A N T  SID E  R E A C T IO N  IN  T H E  O X ID A T IO N  
OF 2’-IIY D R O X Y C IIA LC O N ES W ITH  T IIA L L IU M (III) N IT R A T E ? (A POLEM IC)

S. A n t u s , L . F a b k a s  and Á .  G o t t s e g e n

( R e s e a r c h  G r o u p  o f  A l k a l o i d  C h e m i s t r y  o f  th e  H u n g a r i a n  A c a d e m y  o f  S c i e n c e s ,  B u d a p e s t )

R eceived October 12, 1978 
A ccepted for publication N ovem ber 25, 1978

Go ttl ieb  and co-workers claimed that the rearrangement of 2’-hydroxychal- 
cones with methanolic T1(N03)3 followed by treatment with acid or alkali provided, 
instead of the expected isoflavones 2a —c, their 2’-nitro congeners 3 a —c. We found 
that under standard conditions nitrated products did not form at all.

W e have  fo u n d  an d  app lied  in  th e  sy n th es is  o f  a la rge  n u m b e r o f  n a tu ra lly  
occu rring  iso flavonoids th e  m eth o d  accord ing  to  w hich  sim ple 2’-h y d ro x y ch a l- 
cones are sm o o th ly  co n v e rte d  b y  th a lliu m  t r in i t r a te  (TTN ) in  m e th a n o l in to  
l,2 -d ia ry l-3 ,3 -d im e th o x y p ro p an -l-o n e s  w hich , on acid- or b ase -ca ta ly zed  ring  
closure, give th e  co rresp o n d in g  isoflavones [1— 6].

F o r su p p o rtin g  th e  s tru c tu re s  of th e  n a tu ra l  isoflavones 2h an d  2i 
G o t t l ie b  et al. [7] a t te m p te d  th e  syn th esis  o f  th e ir  m eth y l- an d  e th y l e thers 
b y  our m ethod . U n d e r non-specified  co n d itio n s  b u t  w ith  re ference  to  our 
pu b lica tio n s [2], th e y  c laim ed  to  have o b ta in e d  from  th e  chalcones l a — c th e  
co rrespond ing  2’-n itro iso flav o n es 3a—c, in s te a d  o f  th e  desired  p ro d u c ts  2a— c.

Since no such  re a c tio n  has been observed  in  ou r la b o ra to ry , we su b jec ted  
th e  sam e chalcones, an d  severa l m ore (2d g) o f  th e  sam e su b s titu tio n  p a tte rn , 
to  o u r s ta n d a rd  o x id a tio n  p rocedure  (TTN  in  m e th an o l) . B ecause o f th e ir  poor 
so lu b ility , l e —g w ere ox id ized  in  a m ix tu re  o f  tr im e th y l  o r th o fo rm a te -m e th a 
no l [3]. The n o n -iso la ted  ace ta ls  ( l ,2 -d ia ry l-3 ,3 -d im e th o x y p ro p a n -l-o n e s)  gave 
on tre a tm e n t w ith  sod iu m  m ethox ide  [14] th e  ex p ec ted  iso flavones 2a— g .  

T h e an a ly tica l an d  spec tro scop ic  d a ta  (especia lly  PM R ) su p p o rted  th e  ex p ec ted  
s tru c tu re s  an d  exc luded  th e  presence o f a n itro  g roup  a t  position  2 ’. D ea lk y la 
tio n  of 2a— d re su lte d  in  3’,4’,7 -trih y d ro x y iso fIav o n e  (2j) [15] w hich  we also 
o b ta in ed  by  c a ta ly tic  d eb en zy la tio n  of 2g. D eb en zy la tio n  of 2e in  tu r n  gave 
calycosin  (2h) [16], w hereas b y  th e  sam e p ro ced u re  2 f  gave 3’-m e th o x y -4 ’,7- 
d ih y d ro x y iso flav o n e  (2i) [17]. TLC of th e  c ru d e  p ro d u c ts  o b ta in ed  from  th e  
o x id a tiv e  re a rra n g e m e n t d id  n o t show an y  tra c e s  o f a b y -p ro d u c t.

* For Part IX, see Ref. [1]
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I

OR3

OR3

3

Ri r 2 R3

a Et Me Et
b Et Et Me
c Me Me Me
d Et Et Et
e PI1CH2 Me PI1CH2

f PliC'H, PI1CH2 Me

g PI1CH2 PI1OH2 PI1CH2

li 11 Me H
i II H Me

j H 11 H

W e  conclude th e re fo re  t h a t  i f  th e  ex p erim en ts  a re  carried  o u t u n d e r  th e  
c o n d itio n s  specified b y  us [2], th e  o x id a tiv e  re a rra n g em e n t of 2 ’-h y d ro x y ch a l- 
cones w ith  T T N  does n o t re s u lt  in  th e  fo rm atio n  of n itro iso flavones.

I n  th e  syntheses o f th e  re q u ire d  chalcones, th e  a p p ro p ria te  ace to p h en o n e  
d e r iv a t iv e  (i.e. for la ,  lb  an d  Id  2 -h y d ro x y -4 -e th o x y - [8], fo r l c  2 -h y d ro x y -4 - 
m e th o x y -  [9], for le ,  I f  an d  l g  2 -h y d ro x y -4 -b en zy lo x y ace to p h en o n e  [10]) w as 
c o n d e n se d  in  alkali w ith  th e  co rresp o n d in g  a ld eh y d e  (for lb  an d  l a  v a n illin  an d  
iso v a n illin  e th y l e thers [11, 12], fo r l c  v e ra tra ld eh y d e , fo r Id p ro to c a te c h u a ld e - 
h y d e  d ie th y l  e ther [13]).

E xperim en ta l

The purity of all compounds was checked by TLC and their structures were confirmed 
by IR and PMR spectra. PMR spectra were recorded on a Perkin-Elmer R-12 (60 MHz) 
spectrometer in CDC13; IR spectra were obtained in KBr discs with a Spectromom 2000. 
M.p.’s were determined on a Kofler micro-hot-stage.
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T a b le  I

P h y s i c a l  a n d  a n a l y t i c a l  d a t a  o f  c h a lc o n e s  l a —g

О

No. M.p., °c Solvent
Calcd.

Mol. formula
Found

Yield,
%

Method
C 11 C H

l a 1 2 9 -1 3 0 EtO H 70.16 6.48 ^20^22^5 70.09 6.40 46 в
l b 1 2 0 -1 2 1 EtO H 70.16 6.48 C2 0 H 2 2 O5 69.68 6.60 27 в
l c 1 5 4 -1 5 6 EtO H 68.78 5.77 CieHigOs 68.65 5.46 69 A

I d 121 — 123 EtO H 70.76 6.79 ^21^24^5 71.43 6.99 29 В

l e 1 5 7 -1 6 0 C6H e 77.23 5.62 ^30-^26^5 77.23 5.62 50 В

I f 1 7 2 -1 7 4 AcOH 77.23 5.62 ^30^26^5 76.76 6.01 26 В

l g 1 3 7 -1 3 8 с вн 6 79.68 5.57 ^36^30^5 79.74 5.67 50 А

T a b le  I I

P h y s i c a l  a n d  a n a l y t i c a l  d a t a  o f  i s o f la v o n e s  2 a —g

OR3

No. м.р., °с Solvent
Calcd.

Mol. formula
Found

Yield,
%

Method
С н C H

2а 1 3 5 -1 3 6 МеОН 70.57 O’0 -̂2 0^5 70.39 6.09 38 A

2Ь 1 5 0 -1 5 2 МсОН 70.57 5. Л ^20-^20^5 71.08 6.28 44 A

2с 1 6 4 -1 6 5 * МеОН 69.22 5.1 . v-ieHieOs 68.70 4.85 46 A

2d 125 126 МеОН 71.17 6.2о C2iH 220 6 71.04 6.26 22 A

2е 1 2 6 -1 2 8 EtO H 77.57 5.21 ^30^24^5 77.26 5.13 15 В

2Í 1 1 9 -1 2 0 МеОН 77.57 5.21 -̂*30 2̂4 6̂ 77.07 5.12 25 В

2g 1 2 3 -1 2 5 МсОН 79.98 5.22 ^36^28^5 79.21 5.21 23 В

* L i t .  [15] m . p. 163 —165 °C
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G e n e ra l  m e th o d  o f  p r e p a ra t in g  t h e  c h a lc o n e s
(с/. Table I)

E qu im olar am ounts (0.01 m ole) o f the appropriate aldehyde and acetophenone were  
stirred in  15 m l ethanol w ith  7.5 m l o f  25% aqueous N aO H  for 24 h at room tem perature  
(M ethod  A ) ,  or at 70 °C for 3 h (M ethod B ); the m ixture w as acid ified w ith 10% HC1, th e  solid  
sep arated , dried and recrystallized from  the solvent g iven  in  Table I.

G e n e ra l  m e th o d  fo r  th e  s y n th e s is  o f  iso f la v o n e s  b y  o x id a tiv e  re a r ra n g e m e n t 
o f  th e  s t a r t in g  c h a lc o n e s  a n d  su b s e q u e n t  r in g  c lo su re

(с/. Table II)

A  stirred solution of the chalcone (1 mmole) and T T N  • 3 H 20  (1.1 mmole) in  m eth anol 
at room  tem perature (M ethod A ),  or in  a m ixture o f tr im eth y l orthoform ate-m ethanol (2 : 1) 
at 39 °C (M ethod B ) was allow ed to  react; the reaction w as fo llow ed by TLC. After the d isap
pearance o f  the chalcone, the reaction  m ixture evaporated a t 30 °C. The oily crude produ ct 
was d isso lv ed  in chloroform, ex tracted  w ith  water, the organic layer was dried and the so lv en t  
ev a p o ra ted . The residue was boiled  in  10 m l 0.1 JV sod ium  m ethoxide for 15 m in. T he iso- 
fla v o n e  precip itated  on cooling; it  w as recrystallized from  th e  so lven t given in Table II .

3 ’,4 ’,7 -T r ih y d ro x y iso f la v o n e  ( 2 j )

(a) 2 a — d  (1 mmole) was refluxed  in a m ixture o f 3 m l hydriodic acid and 1.5 m l acetic  
anh ydride for 10 h, poured into a saturated solution o f N a H S 0 3, the precipitated substance  
was sep a ra ted , washed w ith w ater and dried. R ecrysta llization  of the crude product from  
m eth an o l gave  2j, m.p. 275— 278 °C (lit. [15] m.p. 245— 248 °C).

(b) H ydrogenation of 240 m g o f  2g in 20 ml ethanol w as carried out in the presence o f  
P d/C  c a ta ly s t  until the calculated am ount of hydrogen had  been absorbed. A fter filtra tion  
and p a rtia l evaporation an isoflavone precipitated, w hich gave  no m.p. depression w ith  2j 
ob ta in ed  b y  procedure (a). The m .p . (176— 177°) o f the tr ia ceta te  prepared from the isoflavone  
sy n th esized  above agreed w ith  th e  literature value (m .p. 175— 177 °C [15]).

3 ’,7 -D ih y d ro x y -4 ’-m e th o x y iso f la v o n e , c a ly c o s in  (2 h )  £

C a ta ly tic  debenzylation o f 2 e  resulted in 2 h , m .p. 2 4 7 — 249 °C (lit. [16] m .p . 248— 
249 °C, from  m ethanol). No depression was observed w ith  an  authentic sample o f  calycosin .

4 ’,7 -D ih y d ro x y -3 ’- m c th o x y is o f Ia v o n e  (2 i)

C a ta ly tic  debenzylation o f  2 f  gave 2 i, m.p. 190— 192 °C (lit. [17] m.p. 191— 192 °C.
*

Sp ectra  were kindly recorded b y  Drs. P. K o lo n it s  and E . B a itz-Gács and m icro
analyses w ere m ade by Miss K . Óf a l v i and Mrs. S. V is z t . W e thank Dr. M. N ó g rá d i for his 
in terest and  heplful discussions, and Dr. A. W o lfn e r  for a sam ple of calycosin.
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R E C E N S I O N E S

J .  C. J ohnson: A m in o  A c id s  Technology —  Recent D evelopm ent — Chemical
Technology Reviews N o. 108

N oyes D a ta  C o rp o ra tio n , P a rk  R idge, N ew  Je rse y , U SA , 1978

X I I  +  369 pages

In  the 108th volum e o f  the well-known series, Chemical T echnology R eview s, the 
author discusses 253 U S patents published since 1974, dealing w ith  the syn thetic  and micro
biological preparation of am ino acids, as well as w ith  their application . The paten ts between  
num bers 3,787,287 and 4,060,603 are dealt w ith here.

The book contains 11 larger chapters (unnum bered) and three indices.

— Amino Acids — Preparative M ethods •
— Amino Acids and P eptides — Uses
— Aliphatic Am ino Acids
— H ydroxyaliphatic Am ino Acids
— Sulfur-containing Am ino Acids
— Diamino Acids
— Monoamino D ibasic Acids
— H eterocyclic Am ino Acids
— Arom atic Am ino Acids (o f Proteins)
— j.-Dopa
— Other Arom atic Am ino Acids
— Company Index
— Inventor Index
— US Patent Num ber Index

The book seem s to be very  useful primarily for chem ists working in this field  of industry. 
Its  applicability is tw o-fold. One hand, it  discusses the ind ividual procedures in  such a great 
detail —• also giving actual prescriptions — that the original te x t  is no longer required; on 
the other hand, it  presents literature data which are not entirely  obtainable from  periodicals. 
The m ost com prehensive and m ost extensive inform ation on the technical knowledge of  
world is offered by the U S patents.

This book greatly helps orientation  in the large subject and w ill serve as an excellent 
guide. The author h im self very clearly lists in 15 paragraphs the im portance o f the U S patent 
literature; the follow ing item s can be cited:

5. Patents, unlike periodical literature, are bound b y  defin ition  to contain new infor
m ation , data and ideas.

6. It can serve as a source o f new  ideas in a different but related field , and m ay be out
side the patents protection offered the original invention.

11. Patents provide an excellent starting point for the n ex t investigator.
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T he author em phasizes asp ects o f application in a com prehensive and detailed discus
sio n , w ith  special reference to  actual new  m ethods. I t  is notew orthy th a t m ost o f these patents 
are used  in  industry.

D irect application o f am ino acids and peptides in pharm acy and nutrition  has gained  
increasing  importance all over th e  world, for both  man and anim al. The use o f some amino 
acid s (e .g ., tryptophan, threon ine, etc.) has achieved extraordinary significance in certain 
coun tr ies in  the feeding o f anim als. In  hum an therapy, special amino acids and com binations 
o f  am ino  acids are known.

For these reasons, all b ook s, review s, etc., which treat the pertaining literature in a com
p reh en sive  manner are very im portant for chem ists concerned w ith  am ino acids is practice; 
th e  presen t book will be read b y  th em  — in the reviewer’s opinion — w ith  particular benefit.

G . G a l l

S tructure  and  B onding , Vol. 35

E d ito r s :  J. D. D unitz , J . B . Goodenough , P . H emmerich , J .  A. I bers 
С. K . J orgensen , J . B . N e il a n d s , D . R e in e n , R . J . P . W illiams

Springer-Verlag, B erlin — H eidelberg— N ew  Y ork, 1978, pp. 176

T his new volum e of Structure and Bonding contains the follow ing four review  articles 
J . F . L a b a r r e : Conformational A n a ly s is  in  Inorganic Chemistry: Sem i-E m pirical Quantum  
C alcu lation  vs. Experiment.

T he stated purpose o f th is paper is “ to  dem onstrate th a t . . . the CNDO/2 and extended  
C N D O /2 formalisms are d efin ite ly  reliable tools for theoretical conform ational analyses in 
inorganic  and coordination chem istry .”  This is indeed am ply dem onstrated on several exam ples 
F3P BH3 and its m ethyl d er iva tives as w ell as sim ilar other Lewis adducts, inorganic ring 
sy stem s, transition m etal com plexes, etc. A s a remarkable theoretical result, the im portance 
o f  through-space interactions is em phasized. In spite o f these nice results, how ever, the reader 
has th e  feeling that a more critical discussion , including exam ples where the CNDO m ethod is 
less satisfactory , would be more convincing. Also, inclusion of other sem iem pirical calculations 
w ou ld  ha v e  covered the title  b e tter  than  did the presentation of on ly  CNDO results.

D . B . Cook: The A p p ro x im a te  Calculation o f  M olecular E lectronic Structure
as a Theory o f  Valence

T he aim  of this paper is to  develop  a m ethod w hich, beyond the capability  o f calculating  
m olecular properties, is interpretable and can be used as a theory of valence. The author’s 
m ain  con cep t is that “ it is, for exam p le, more im portant to understand the physical processes 
occurring on  bood formation than  i t  is to be able to com pute the corresponding bond energies 
a ccu ra te ly .”

T he general discussion starts w ith  the variational principle. Follow ing th is, constraints 
arising from  a given model and from  num erical approxim ations are discussed. In the end, the 
author arrives at a fairly p lausib le m odel: Generalized H ybrid Orbitals (GHO) The basic 
difference betw een these G flO ’s and  the fam iliar hybrid orbitals is that no a priori sym m etry  
is b u ilt in: e.g. the generalized sp3 hybrid  orbitals in am m onia are different for the N H  bonds 
and for th e  lone pair, respectively. D irection  and optim al exponents o f the GHO’s are deter
m ined  b y  energy m inim ization.

I t  seem s doubtful, w hether th e  GHO’s can be of any practical use in  ab initio  calcula
tions: e v en  from  the point o f  v iew  o f  interpretability , the fam iliar LCAO m ethod, if  the trans
fo rm ation  to  localized orbitals is carried out, is readily interpretable. On the other hand, the 
su ggested  m ethod, as stressed also b y  the author, m ay have advantages in NDO  (N eglect of 
D ifferen tia l Overlap) type approxim ate calculations.

T he paper is written in  an exceptionally  elegant sty le  and is certain ly an enjoyable 
piece o f  reading for chem ists in terested  in theoretical chem istry.
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D. W . Sm ith : A pp lica tions o f  the A n g u la r  Overlap M odel

The angular overlap m odel (AOM) is a sim ple, approxim ate m ethod for the calculation  
of orbital sp littings in transition m etal complexes. The sp littings are expressed by param eters 
directly related to гг-, л> and ^-bonding.

The scope of the paper can be best seen from th e  follow ing section headings: 1. In tro
duction; 2. d-d Spectra; 3. f-f  Spectra; 4. Other Spectra and O ptical Properties; 5. M agnetic 
and E .S .R . Properties; 6. M iscellaneous Applications; 7. Concluding Remarks.

Because the underlying theory is not even outlined  and the applications are listed  in 
a very concise form, the paper is hardly understandable for the average reader. H ow ever, 
w ith its 164 references, the review  is certainly useful for specialists who want to have a good  
literature survey o f the subject.

C. F urlani and C. Ca u l e t t i: H e(I) Photoelectron Spectra o f  d -M eta l
Compounds

This is an excellent review  on photoelectron (P . E .) spectroscopy of transition m etal 
com plexes, listing results up to  1977. In the introduction , the fundam entals o f P . E . spectros
copy are sum m arized in a clear, easily  readable form , and its relative merits and lim itations, 
as compared to electron absorption spectroscopy, are discussed.

R ecent results are then discussed in two section s. The first one deals w ith  carbonyl, 
trifluorophosphine com plexes, sandwich com plexes, m ixed  carbonyl-cyclopentadienyl and 
carbonyl-arene com plexes o f  d-m etals in low oxidation  states. The second section discusses 
results on com plexes o f m etals in  higher oxidation sta te s  w ith  more electronegative ligands, 
like oxo and halide com plexes, nitrogen, oxygen and sulfur containing com plexes, amide 
com plexes, etc.

Detailed P .E . data on a huge number of com plexes are com piled in six  tab les, and 120 
references are lis ted .

G. F ogarasi

P h ilip  S. B a il e y : Ozonation in  O rganic C hem istry , Volume I  
Olefinic Com pounds

Plenum  Press, N ew  Y ork and London

The 39th volum e w ritten  by Philip S. B a il e y , o f th is Monograph Series ed ited  by  
Harry H. W a ss e r m a n n , is an excellent com prehensive treatise making available in  one 
convenient source our com plete knowledge of to d a y  concerning the reactions o f  ozone w ith  
organic substances. An effort is made to show the developm ent of the present-day thought 
about the still ex isting problem s of the m echanism  o f these reactions.

Volum e I  starts w ith  a description of ozone itse lf, g iv ing a historical background of 
its action on organic com pounds, followed by a stu d y  o f the mechanism of these reactions. 
The book clearly shows the developm ent of the step -b y-step  m echanism  of classical ozonolysis, 
pointing out the rem aining, y e t unsolved questions o f  the detailed mechanism .

The ozonolysis o f  olefins is treated in chronological order, starting from the ozone attack  
to the final products, in both  liquid- and gas-phase reactions.

No doubt, th is book covering more than 700 references will serve as an indispensable  
source of inform ation to all chem ists dealing w ith  ozone chem istry.

Chapters: Introduction; The Ozone M olecule; O zonolysis o f Olefins: Introduction , Ini
tial Ozone A ttack  and A dduct, The Peroxidic P roducts, R outes to Peroxidic P roducts, Com
petitions in Peroxidic Product Formation, R outes from  Peroxidic to Non-peroxidic Products; 
“ Anom alous” O zonolysis o f Olefins; “ Special” L iquid-Phase Ozonolysis; E lectrophilic Ozone 
A ttack on Olefins. E poxides and Other “ Partial C leavage” Products; Gas-Phase O zonation of 
Olefins; Overview and N ew  D evelopm ents.

J. R eiter
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TOM  102— В Ы П . 2

РЕЗЮ М Е

Рентгеновские и электроно-микроскопные исследования 
гидроксилацетатов кальция-меди

П. Н . П А Т Е Л Ь  и  С. В. X . РАО

Постоянные решетки гидроксилапатитов кальция-меди уменьшаются с увеличением 
содержания меди в образце, приводя к  сокращению объема единичной ячейки. Сокра
щение размеров кристалла наблюдалось на съемках образцов с помощью электронного 
микроскопа. Введение Си+2 в гидроксилапатит кальция Са10(РО4)6(ОН)2 приводит к  об
разованию его твердых растворов.

Аналитическое применение некоторых внешнесферных комплексов

Спектрофотометрическое определение трифторуксусной кислоты 
и неорганических азидов экстракцией 1,10-фенантролин-железом

Л . И Л Ч Е В А  и Г . Т О Д О Р О В А

Установлено, что малые количества CF3COOH и NaN3 экстрагируются нитробензо
лом если водная фаза содержит значительный избыток Fe(phen)|+. Абсорбция органи
ческого экстракта (при А =  518 п т )  пропорциональна концентрации CF3COOH в водной 
фазе или концентрации NaN3 (при А =  516 пш). Д ля установления оптимальных условий 
определения, было исследовано влияние различных факторов: pH, концентрации Fe(phen)|+, 
концентрации буферного раствора, времени встряживания, устойчивости окрашивания, 
мешающего влияния ионов. Установлен состав экстрагирующихся внешнесферных комп
лексов: Fe(phen)3 (CFsCOO)2 и Fe(phen)3 (N3)2.

Константы стойкости внешнесферных комплексов 
F e(phen)3(CF3COO)2 И F e(p h en )3(CCI3COO)2

Л . И Л Ч Е В А , Г . Т О Д О Р О В А  и М. ГЕ О Р Г И Е В А

Изучена экстрагируемость внешнесферных комплексов Fe(phen)3(CF3COO)2 и 
Fe(phen)3(CCl3COO)2 в нитробензол в зависимости от концентрации лиганда. Т ак  как в 
органическую фазу экстрагируется нейтральный внешнесферный комплекс, были опре
делены коэффициент распределения комплексного металлического катиона и константа 
распределения нейтрального комплекса между двумя фазами.

Рассчитаны внешнесферные константы стойкости: для Fe(phen)3(CF3COO)2 К ,  =  
=  1,1 X Ю2и К 2 =  8 х  Ю; для Fe(phen)3—(СС13СОО)2 К ,  — 4 ,2х Ю2и К2 =  4 ,3 х  Ю2. Резуль
таты настоящих исследований, а также некоторые другие данные показывают, что степень 
внешнесферной ассоциации комплексного катиона Fe(phen)§+ уменьшается в ряду

СС18СОО- >  CF3COO~ >  с н 3с о о -



Дезбензо-производные алкалоидов со скелетом индоло [2,3-с] хиназолино
[3,2-öj пиридина, IX

Дезбензоэводиамин

3 . П А Л , к. Д О Р А Н Е -Х О Р В А Т  , Г . ТОТ, О. К Л А У Д Е Р  и Й. ТАМАШ

И з дезбензорутекарпина с помощью метилиодида был получен дегидро-дезбензоэво- 
динамин-гидроидид (6). При аммонийной обработке соединение 6 с раскрытием кольца 
превращается в аммонийную соль дезбензоэводиаминовой кислоты; а при восстановлении 
дает дезбензоэводиамин (II). Синтез 11 был осуществлен, исходя из 1,2,3,4-тетрагидро-1- 
оксо-/5-карболина (9) и ДГ-метил-/?-аланин-этилового эфира (12). Промежуточный продукт 
синтеза — этиловый эфир дезбензоэводиаминовой кислоты (13) был приготовлен в виде 
солянокислой соли. Соединение 13 после закрытия кольца и восстановления такж е дает 
соединение 11. Строение полученных соединений было подтверждено с помощью элементар
ного анализа, УФ, ПК, ЯМР—Н 1 и MC-спектроскопических исследований.

Половой феромон капустной американской полковой гусеницы. Mamestra 
brassicae: Изолирование, идентифицирование и стереоконтролируемый

синтез
Л . Н О В А К , м .  ТО Т, Й. Б А Л Л А  и Ч . С А Н Т А И

Д ва основных компонента полового феромона капустной американской полковой 
гусеницы, (Z)-l 1-гексадеценил ацетат и (Z)-l 1-гептадеценил ацетат были изолированы, 
идентифицированы, а затем синтезированы, применяя стереоселективное олефинирование 
Виттига, к ак  ключевую ступень.

Полярографическое исследование равновесия кислота-основание 
некоторых производных бензойной кислоты

Е. Д Ь Я Р Ф А Ш , Б . Т Ё К Е Ш  и Л .  К Е К Е Д И

Константы скорости диссоциации и рекомбинации бензойной кислоты и ее десяти 
производных были определены, используя косвенный полярографический метод Рютши в 
присутствии азобензола и/или л-нитроанилина. Количественные данные коррелируются 
со структурой.

Изучение анодного растворения меди в пирофосфатных растворах
Р. К. А С ТА Х О ВА , Й . САЛМА, Й. Ф А Р К А Ш  и Л . КИШ

С помощью вращающегося дискового электрода с кольцом изучалось анодное 
растворение меди в водных растворах пирофосфата при pH =  8,6 и 4,8. Полученные дан
ные указываю т на то, что в изученных экспериментальных условиях ионизация меди пред- 
стваляет собой процесс, заключающийся в двух последовательных одноэлектронных ре
акциях (ступенчатый механизм). При изменении pH раствора, вследствие изменения со
става комплексов, участвующих в электродных реакциях, существенно изменяются кине
тические параметры реакции.

Измерение константы Куна—Марка—Хоувинка для некоторых 
полимеров и их использование в гель-проникающей хроматографии

Г. ШАМАЙ

Представлена зависимость характеристической вязкости от молекулярного веса не
которых полимеров, измеренная при условиях рутинной гель-проникающей хроматогра
фии. С помощью приведенных данных доказана универсальность двух методов калибровки.



Исследование фактора линейной корреляции диэлектрической 
поляризации и структуры жидкостей

Р . СА БЕСА Н , Р . В А Р А Д Х А Р А Я Н  и  М. СА ГУ РУ М У РФ И

Изменение фактора линейной корреляции диэлектрической поляризации (g) было 
определено экспериментально для некоторых ассоциированных жидкостей в четырех
хлористом углероде, используя выражение Кёрквуда—Фрёлиха для растворов. На основе 
полученных результатов была анализирована жидкая структура этих систем. Было сдела
но заключение о неидеальном поведении т. наз. аполярных растворителей в диэлектри
ческих измерениях.

Исследование распределения продуктов в ходе оксиэтилирования 
додециклового спирта, катализированного перхлоратом магния

П . Ш АЛЛАИ, Й. М О РГО Ш , Л . Ф А Р К А Ш  и И. Р У С Н А К

Оксиэтилирование додецилового спирта, катализированное перхлоратом магния, 
было исследовано в установке оксиэтилирования измерением объемного потока. На основе 
газовохроматографического определения состава продуктов было установлено, что это 
распределение типа Флоти и практически не зависит от концентрации катализатора и 
температуры реакции. Сравнивая с реакционной системой, катализированной щелочью 
калия, данное распределение более благоприятно. Каталитическое влияние перхлората 
магния объясняется образованием комплеска между ионами магния и окислом этилена.

Исследование структуры производных замещенных оснований Шиффа
А. И. КИ Ш , М. Р Е В Е С , Й . Ч А С А Р и М. И. Б А Н

Полосы электронной абсорбции, появляющиеся в области 400—450 нм в спектрах 
замещенных бензилиденанилинов, интерпретируются на основе приближенных квантово
химических расчетов и приписываются хиноидной структуре, образующейся за счет водо
родного мостика в основаниях Шиффа, содержащих гидроксильную группу в ор т о -  или 
пара-положениях в альдегидном кольце.

Спектрофотометрическое исследование окисления 
3-гидрокси- и 3-аминофлаванонов, катализированного основаниями

Е . Р . Д А В И Д , Р . Б О Г Н А Р , М. РА К О Ш И  и Б . Г. СА БО

При исследовании изменений спектров 3-гидроксифлаванона и 3-аминофлаванона 
в зависимости от pH было найдено, что в буферном растворе и щелочным pH оба соедине
ния превращаются в производные с более высокой степенью окисления, а именно в 3-гид- 
роксифлавон и 3-аминофлавон, соответственно. Было найдено, что в присутствии кислорода 
воздуха процесс является необратимой реакцией окисления, катализируемой основаниями.

Исследование соединений, содержащих связи Si—S и S—Si—S, с 
помощью УФ спектроскопии, И

Ароматические соединения

Т. В Е С П Р Е М И , М. Э Л Ь -К Е Р Ш  и Й. Н А Д Ь

Изучение пропускного сопряжения атомов серы через кремний и существование 
взаимодействий «пропускной связи» между атомами серы в соединениях, содержащих связи
S—Si и S— Si S не дает однозначных результатов при исследовании с помощью УФ спек



троскопии лишь алифатических и алициклических соединений. Поэтому исследования 
были распространены на УФ спектры соединений с группой Ar—Si— S с целью выяснения 
проблемы, исходя из изменений, наблюдаемых в спектрах ароматических систем. О вза
имодействии атомов серы с ароматической системой можно судить по данным спектров. 
Проявление этого эффекта является подобным в аналогичных производных кремния и 
углерода. С другой стороны, батохромный сдвиг а и р  полос для кремниевых соединений 
указывает на то, что одиночные пары электронов атома серы участвуют в сопряжении с аро
матическим кольцом, используя свободные d-орбитали кремния. Степень влияния одиноч
ных пар довольно-таки подобна наблюдаемой в аналогичных хлористых производных.

Некоторые вопросы синергической экстракции смесями хелатных 
и донорных экстрагирующих реагентов

И . Д У К О В  и Л . Г Е Н О В

Было исследовано влияние донорного экстрагирующего реагента и растворителя на 
образование аддукта, содержащего одну или две молекулы синергиста. Приводятся не
которые соображения относительно механизма синергической экстракции смесями хелат
ных и донорных экстрагирующих реагентов.

Окислительная перегруппировка халконов с нитратом таллия(Ш), X

Является-ли нитрование значительной побочной реакцией в окислении 
2’-гидроксихалконов нитратом таллия(Ш )? (Полемика)

Ш . А Н Т У Ш , Л .  Ф А Р К А Ш  и А. Г О Т С Е Г Е Н

Готлиб и сотрудники нашли, что при перегруппировке 2 ’-гидроксихалконов в ме- 
танольном растворе T1(N03)3 с последующей кислой или щелочной обработкой, вместо 
ожидаемых изофлавонов 2а—с, образуются из 2’-нитропроизводные За—с. Нами было 
найдено, что при стандартных условиях продукты нитрования совсем не образуются.
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STABILITY OF OUTER-SPHERE HEXAKIS 
(DIMETHYL SULFOXIDE) 

CHROMIUM(III) COMPLEXES

Zs. Á k o s -Szabó1, I . O rszágh2 and Gy . B azsa2

I n s t i t u t e  o f  G e n e r a l  a n d  A n a l y t i c a l  C h e m i s t r y ,  T e c h n i c a l  U n i v e r s i t y ,  B u d a p e s t ,  
2I n s t i t u t e  o f  P h y s i c a l  C h e m i s t r y ,  L .  K o s s u t h  U n i v e r s i t y ,  D e b r e c e n )

R eceived June 30, 1978 
A ccepted for publication Decem ber 7, 1978

Outer-sphere hexakis(D M SO )chrom ium (III) com plexes have been studied  in  
water and DMSO.

On the basis o f solubility m easurem ents in  aqueous medium at 25 °C th e  stab ility  
constants were determ ined at the value o f /  =  1. The following results ha v e  been ob
tained:

F - :  ß l <  0.2;

N O ä: /9, =  5, ß„ =  19;

S C N -: ß 1 =  3, ß , =  60.

The order o f stab ility  in DMSO is

NO 3  <  СЮ7  <  S C N -.

D u rin g  re c e n t y ea rs , severa l p ap ers  h a v e  been  pub lished  on o u te r-sp h e re  
com plexes o f  C r(D M SO )U  (hencefo rth  M3+) w ith  various ligands. S om e p ap ers  
dea l w ith  m e th o d s o f p re p a ra tio n , d e te rm in a tio n  o f th e  co m position  o f  in d i
v id u a l com pounds [1— 3]; o th e rs  d raw  conclusions on th e  s t ru c tu re  o f  th e  
co m pounds by  u sin g  d iffe ren t m e th o d s . S pectrochem ical s tu d ies  d ea l w ith  
th e  sy m m e try  o f  M3+ an d  h av e  u n am b ig u o u s ly  d em o n stra ted  a n  o c ta h e d ra l 
sy m m e try  [4— 6]. G lavas et al. [7] d e te rm in e d  therm ochem ical p ro p e rtie s  of 
th e  n i t r a te ,  p e rch lo ra te  an d  halides o f  M3+ b y  d e riv a to g rap h y . O n ly  q u a lita tiv e  
d a ta  are  av a ilab le  as fa r  as th e  so lu b ility  o f  th e se  com pounds is co n cern ed  [2]; 
no d a ta  h av e  been  fo u n d  on th e ir  s ta b ili ty . T h e  com pounds d esc rib ed  in  th e  
above p ap ers  (n itra te , p e rch lo ra te , ha lides) can  be p rep ared  in  th e  so lid  s ta te  
w ith  re la tiv e  ease.

In  th e  p re se n t w ork , we h av e  s tu d ie d  th e  effect o f th io c y a n a te , n i tr a te  
an d  p e rch lo ra te  ligands on th e  so lu b ility  a n d  d e te rm in ed  th e  s ta b il i ty  c o n s ta n ts  
o f  th e  ou te r-sp h ere  com plexes fo rm ed  w ith  th e  p a rtic ip a tio n  o f  th e se  ligands 
b y  m eans o f so lu b ility  m easu rem en ts . A t th e  sam e tim e , q u a n t i ta t iv e  d a ta  
h av e  been  o b ta in ed  w ith  respect to  th e  so lu b ility  o f th e  sligh tly  so lub le  com plex  
sa lts  u sed  in  o u r experim en ts.

1 Acta Chim. Acad. Sei. Hung. 102, 1979
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E xperim ental

1. Materials

P reparation  of M (N 0 3 ) 3  solutions. M (N 0 3 ) 3  served as the starting m aterial prepared  
b y  a w ell-k now n m ethod from  C r(N 0 3 ) 3  • 9H20  [1]. A s h l e y  et al. [9] reported a v ery  slow  
w ater-D M SO  exchange in  the inner coordination sphere. The chromium to DMSO ratio in  
the com pounds synthesized b y  them  was only 1 : 5.1 — 1 : 5 .9. The statem ents o f A s h l e y  et al. 
have been  supported by our own experim ents, too; M (N 0 3 ) 3  prepared according to R ef. [1] 
con ta in ed  w ater im purity in  each case.

Since our experim ents were disturbed by the presence o f water as well as the even tual 
iron im p u rity  o f the starting substances, we have develop ed  a procedure for purification. 
As a resu lt o f  th is, we succeeded in  the preparation o f an  iron-free solution w ith a chrom ium  
to  DM SO  ratio equal to  1 : 6 . The principle o f  this purification  process is that inert M3  + does 
not in tera c t w ith  sodium  hydroxide, but a m ixed chrom ium (III)-DM SO -aqua com plex con
ta in in g  w ater in  its  inner coordination sphere gives a precip itate under the effect o f N aO H , 
con sistin g  o f  chrom ium (III)-hydroxide. Sodium hydroxide brings about also the precip itation  
o f iro n (III )  ion  im purities. After filtration  the solution  is iron-free and the total am ount o f  
chrom ium  is  bound to six  m olecules o f DMSO. The so lu tion  was then re-acidified to pH  <  3 
and u sed  in  further experim ents.

Preparation o f C r(D M S O )e(C lO }) 3

T he solution of M nitrate purified as ahove was m ixed  w ith a solution of sodium  per
chlorate; M(C104 ) 3 precipitated because its solubility  in  w ater is low. The precipitate w as 
filtra ted , w ashed nitrate-free w ith  distilled water and dried at 105 °C.

P reparation o f C r(D M S O )eB r3

M(C104) was dissolved in DMSO and a solution o f potassium  bromide in DMSO was 
added in  a 1 : 3 mole ratio. (The solubility  o f KBr in DMSO is 65 g dm - 8  [10].) The resulting  
M Br3  is v ery  slightly soluble in  DMSO. The precipitate w as filtrated , washed w ith  DMSO  
and dried.

Further chemicals used:

N a F  p .a .  product o f F irst Chemical Industria  
N aSC N  p u ru m  product o f R E A N A L .
N a N 0 3  p .a .  product o f  R E A N A L .
NaC104  • H 20  puriss. product o f R E A N A L .
K N 0 3  p .a .  product o f R E A N A L .
K SCN p .a .  product o f R E A N A L .
KC104  p .a .  product o f MERCK.
K B r p .a .  product o f R EA NAL.
DM SO p u r iss .  product o f R E A N A L .

2. Instrum ents

D u a l beam  P erkin—Elm er 402 recording spectrophotom eter. 
W arburg apparatus.

3. Solubility m easurem ents

a) M easurements in aqueous m edium

Solu b ility  m easurem ent is a well known m ethod to establish the exten t o f com plex  
form ation  [11]. W e investigated  the solubility o f M(C104 ) 3  in  the presence of various ligands. 
A co n sta n t ionic strength had to be ensured for the m easurem ents, therefore, prelim inary  
experim en ts were carried out to se lect an appropriate com pound. 200 mg M(C104 ) 3  w as shaken  
in  each  run, first in  25.0 cm 3  w ater, then  in  25.0 cm 3  to ta l volum e, w ith increasing am ounts 
of 1 m ol d m - 3  sodium  th iocyanate , sodium  nitrate and sodium  fluoride added. The shaking

Acta Chim. Acad. Sei. Hung. 102, 1979
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F ig. 1. Solubility o f  M(C104 ) 3  in water, in  the presence o f various ligands, (t =  23 °C, ion ic
strength is not constant)

400 500 600 700
Л (nm)

F ig. 2. Spectra o f  saturated  M3  + solutions in  aqueous NaSC N  solutions of various concen tra
tions. (i =  25 °C, 7 = 1  m ol dm -3 , adjusted  with N aF ). NaSC N  concentrations (from  b o tto m  

to top in th e  F igure): 0, 0.1, 0.2, 0 .3 , 0.4, 0.5, 0.6, 0.8, 1.0 m ol dm -3 ; d =  1 cm' ly

w as performed in  a W arburg apparatus at 25 °C. After the dissolution equilibrium had  been  
established, a rapid  filtration  followed, th en  the concentration o f  dissolved chrom ium  com 
p lexes was m easured spectrophotom etrically. Figure 1 shows th e  effect o f various ligands.

It has been show n that the com plexing effect o f fluoride ion  is much less th an  th a t  o f  
nitrate and th iocyan ate  ligands.

Preliminary experim ents were carried out also to determ ine the tim e necessary for equi
libration. 200 m g M(C104 ) 3  was shaken in  each run w ith  a 0.5 m ol dm - 3  sodium th iocyan ate  
solution for 20, 40 , . . . 120 min. These runs indicated an optim um  period of 60 m in. T his tim e  
is  sufficient for reaching  dissolution equilibrium  w ithout observable substitution o f DM SO  
in  the inner coord ination  sphere.

On the basis o f  these preliminary experim ents, the m easurem ent of solubility was carried  
ou t as follows.

200 mg o f  M(C104 ) 3  was place in to  a stoppered flask , th en  a total am ount o f 25.0 cm 3  
w as added of so lu tion s o f sodium th iocyanate  and sodium  fluoride as well as o f sodium  nitrate  
and sodium fluoride in  various mole ratios. The suspensions were shaken for 1 hr at 25 °C in  
a  Warburg apparatus. After filtration, the absorption spectra were determined. The so lu b ility  
o f  M(C104 ) 3  in b id istilled  water was m easured under analogous conditions.

1* Acta Chim. Acad. Sei. Hung. 102, 1979
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Figure 2 shows the spectra of solutions conta in ing  thiocyanate and fluoride in  various 
ratios as exam ples.

T he absorption m axim a at 444 nm were used for evaluation  (e =  31.6 m o l-1 dm 3 cm -1 )
[12].

b) Measurements in  D M S O

Prelim inary experim ents were carried out in  DM SO, too, to determ ine the optim um  
ex p erim en ta l conditions, like in  case a. I t  was show n th a t the order of so lub ility  in  DMSO is

M Br3 <  M (N 03)3 <  M(C104)3 <  M(SCN)3

On th is basis, we studied  the solubility w ith  M Br3. The concentration o f  dissolved  
M -com pounds was determ ined b y  means of the absorption m axim um  at 443.5 nm  (e =  33.5 
m o l-1  dm 3 c m -1 [12]).

Calculation o f Stability Constants o f  Complexes from  
Solubility D ata

E a r lie r  studies [12] in d ica te  th a t  o u te r-sp h e re  com plexes o f  M3 * w ith  the  
g iv en  an io n s  possess an  id en tica l v isib le  sp e c tru m  in d ep en d en t o f th e  ligand. 
T h u s , th e  follow ing e q u a tio n s  can be w r itte n  fo r  so lu te  co n cen tra tio n s  ca lcu la t
ed  f ro m  th e  spectra  considering  th e  com plex  p ro d u c t and  th e  so lu b ility  p ro d u c t 
o f  th e  p e rc h lo ra te  sa lt (assum ing  th e  fo rm a tio n  o f M L 2+ and  M L ^ ou te r-sp h ere  
co m p lex es):

S  =  [M3+] [M L2+] [ML^~] (S  deno tes th e  so lu b ility );

[M L2+]

1 [M3+] [ L ~ ]

[m l 2+]

[M3+] [L ~ ] 2

К о,сю . =  [М3+ ][С 10Г]3 =  5 .4 3 x 1 0 -»

A f te r  re a rra n g em e n t a n d  su b s titu tio n  w e o b ta in  th e  follow ing expression :

Y = 1 27 S 4 

-Kq. cio ,
- 1—  =  ß 1 +  № - ]  
IA J

I f  th e  p lo t  o f th e  le f t-h a n d  side (Y ) a g a in s t [ L - ]  gives good s tra ig h t  line , th e  
sy s te m  c a n  be described  ad eq u a te ly  b y  a ssu m in g  M, ML an d  M L2 an d  th e  
in te r c e p t  gives d irec tly  ß 1 an d  th e  slope g ives ß2. (This was fo u n d  in  w a te r  if  
[S C N - ] ^  0.3 mol d m -3 , [N O ^] ^  0.5 m ol d m -3 ). A t higher [L ~ ] v a lu es , even 
th e  in tro d u c tio n  o f a n o th e r  s ta b ility  c o n s ta n t  ß 3 does n o t help to  a p p ro x im a te  
th e  e x p e rim e n ta l va lu es  b e tte r .  This does n o t  m ean  th a t  i t  is n ecessa ry  to  as
su m e  th e  fo rm atio n  o f  fu r th e r  (1 : 4 , 1 : 5 etc .)  com plexes b u t  th e re  is ra th e r  
a s ig n if ic a n t change in  th e  m ed ium  w hich  c a n n o t be described q u a n tita tiv e ly .

Acta Chim. Acad. Sei. Hung. 102, 1979
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R esu lts and  D iscussion

1. So lu b ility  determ ination in  p u re  solvents

T he so lu b ility  o f  s lig h tly  soluble sa lts  h as  b een  d e te rm in ed  in  w a te r  an d  
DM SO a t  25 °C, b y  th e  m e th o d  described in  th e  E x p e rim e n ta l. R esu lts  are  
sum m arized  in  T ab le  I.

Table I

Solubilities o f  some salts o f C r(D M SO )% + in  water 
and pure D M SO

t =  25 °C, no other salt added

Solvent
Solubility (mol dm-3)

M(C104), M(NOs), MBr,

H ,0 2.85 X 1 0 - 3 > 1 > i

DMSO 1 .4 0 x 1 0 -* 1 .9 1 x 1 0 -* 7 .4 6 x 1 0 -*

2. Effect o f  an ions on the solubility o f  M (C 1 0 4) 3 in  aqueous m edium

a ) E ffect o f  flu o r id e  ions. I t  has been fo u n d  t h a t  fluo ride  ions too  increase  
th e  so lub ility  o f  M (C104)3. F ig u re  1 shows th a t  th e re  is a s ligh t b u t  u n m is ta k 
ab le  increase in  th e  so lu b ility  w hen even large  a m o u n ts  o f  flu o rid e  ion  are  
ad d e d . O ur m easu rem en ts  in d ica te  th a t  ß 4 <C 0.2 m o l-1  dm 3. T he a ssu m p tio n  
o f  th e  M F 2+ com plex  is su p p o rte d  also b y  k in e tic  m easu rem en ts  [12]. F u r th e r  
ex p erim en ts  in v o lv ed  sod ium  fluoride  to  en su re  a c o n s ta n t ionic s tre n g th  
because  th e  com plex ing  a b ility  o f fluoride  is low er b y  an  o rd e r o f  m a g n itu d e  
th a n  th a t  of th e  o th e r  ligands s tu d ied . The fo rm a tio n  o f  an  M F 2+ com plex  w as 
a lw ays tak en  in to  co n sid e ra tio n .

b)  E ffect o f  nitrate ions. A ccording to  th e  so lu b ility  stud ies described  in 
th e  “ E x p e rim e n ta l”  sec tion , th e  so lub ility  w as m easu red  sp ec tro p h o to m e tri-  
ca lly  in  0, 0.1, 0.2, . . . 1.0 m ol d m “ 3 sodium  n i t r a te  so lu tions w ith  a c o n s ta n t 
ionic s tre n g th  o f  I  — 1 m ol dm  3 (ad ju s ted  w ith  so d iu m  fluoride). T h e  follow ing 
v a lu es  have been  o b ta in e d  fo r th e  com plex p ro d u c ts  (F ig. 2):

A  =  5 ;  ß2 =  1 9 .

U sing  these  v a lu es , th e  so lu b ility  as a fu nc tion  o f lig an d  co n cen tra tio n  h as  been  
re -ca lcu la ted . T h e  e x p e rim e n ta l d a ta  f i t  well to  th e  ca lcu la ted  cu rv e  u p  to  a 
ligand  co n cen tra tio n  o f  0.5 m ol d m “ 3 (Fig. 4).

c) E ffect o f  thiocyanate ions. S im ilarly  to  n i t r a te  ions, th e  so lu b ility  was 
d e te rm in ed  also in  so d ium  th io c y a n a te  so lu tions o f  0, 0.1, 0.2, . . . 1.0 m ol d m “ 3
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c o n c e n tra tio n , a t  a c o n s ta n t ionic s tre n g th  o f  I  = 1 .  T he follow ing v a lu es  w ere 
o b ta in e d  for th e  s ta b il i ty  c o n s ta n ts  (F ig . 3):

/?i =  3 ;  ß 2 =  6 0  .

T h e  re lia b ility  of re su lts  h as  been checked  he re , to o , b y  f i t t in g  th e  ca lcu la ted  
c u rv e  to  th e  ex p erim en ta l p o in ts  (F ig . 4). T h e  f i t  is v e ry  good u p  to  a concen-

F ig . 3. Determ ination o f the com plex products in  aqueous (a) M3+ +  N 0 3 and (b) M3 + 
+  SO N - system s (t =  25 °C, 1 = 1  m ol d m -3 , adjusted w ith N aF )

I L- ] (mol dm'3)

F t;. 4 . Comparison of experim ental and calculated so lub ility  values for checking th e  com plex  
produ cts in  (a) M3+ +  N O j and (b) M3+ +  SC N -  system s. Sym bols denote experim ental 

p o in ts , solid line: so lub ility  p lo t calculated w ith  the constants determ ined in  th is  work
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t r a tio n  o f  [SC N ~] ^  0.3 m ol d m -3 ; on th is  basis th e  e rro r in  c a lc u la tin g  th e  
com plex  p ro d u c ts  can  be es tim a ted  to  be  less th a n  10% .

d)  E ffec t o f  perchlorate ions. T h e  e v e n tu a l com plexing effect o f  p e rch lo ra te  
has been checked b y  so lu b ility  s tud ies in  sod iu m  perch lo ra te  so lu tions o f  various

Fig. 5. Solubility  o f M(C104)3 under the effect o f  NaC104 in aqueous m edium  (l =  25 °C, I  =  
=  1 m ol d m -3 , adjusted w ith NaF). Sym bols denote experim ental results, solid line: solubility  

curve calculated from the so lub ility  product K o Ci0t =  5.43 X 10 -9

co n cen tra tio n s. To do so, th e  so lu b ility  v a lu es  a t  various p e rch lo ra te  co n c e n tra 
tions h av e  been  ca lcu la ted  on th e  basis  o f  th e  so lub ility  p ro d u c ts  m easu red  in  
a 1 m ol d n r 3 N a F  so lu tion . These v a lu es  w ere p lo tte d  as a fu n c tio n  o f  th e  
p e rch lo ra te  co n cen tra tio n . C alcu lated  a n d  m easu red  values f i t  each  o th e r  well 
in d ica tin g  th a t  no o u te r-sp h ere  com plex  is form ed w ith  p e rch lo ra te  ions. The 
resu lts  a re  show n in  F ig . 5.

e) C om parison. T he  d a ta  o b ta in e d  fo r th e  four system s s tu d ie d  in d ica te  
th e  follow ing o rd e r as fa r  as th e  s ta b il i ty  o f  o u te r  sphere-com plexes is con
cerned:

C lO r <  F -  NOjf <  SC N -

3. E ffec t o f  anions on the so lub ility  o f  M B r 3 in  D M S O

B o th  p e rch lo ra te  an d  th io c y a n a te  ions increase th e  so lu b ility  o f  M B r3 in 
DM SO. CIO 4 and  SC N -  increase th e  so lu b ility  b y  fac to rs o f  9 a n d  15, respec
tiv e ly , a t  a 1 m ol d m -3  co n cen tra tio n . T h is  can  also he in te rp re te d  in  te rm s of 
th e  fo rm a tio n  o f o u te r-sp h ere  com plexes. T h e  ca lcu la tion  o f s ta b il i ty  co n stan ts
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fro m  th e  c o n cen tra tio n  d ep en d en ce  o f  so lu b ility  w as, how ever, n o t possib le , 
b e c a u se  o f  th e  large sc a tte r  o f  ex p e rim en ta l d a ta .

T h e  so lub ilities o f M (N 0 3)3 an d  M(C104)3 are  to o  h igh  to  p e rm it to  d e te r 
m in e  s ta b i l i ty  co n stan ts  b y  th is  m e th o d . T hus, o n ly  th e  follow ing re la tiv e  s t a 
b i l i ty  o rd e r  can  be given

N O r  C lO r <  S C N -.
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The k inetics o f the reaction of Cr(H20 ) n(D M S 0 ) |in com plexes w ith water and 
dim ethyl su lfoxide, as well as the effect o f nitrite  ions and carbon dioxide on th e  rate 
o f these processes were studied. The kinetic equation  o f solvolysis in the case o f re =  6 
and the reaction  m echanism  were determined. The penetration of both water and DMSO  
into the coordination sphere is accelerated by both  n itrite and carbon dioxide in  the case 
of n =  2 — 6, whereas if  n — 0, aquation is not catalyzed by either nitrite or C 02. 
The accelerating effect is interpreted in term s o f the enhanced reactiv ity  o f  carbonato- 
and nitrito chrom ium (III) com plexes, presum ably form ed in a rapid pre-equilibrium . 
The appearance o f new ligands in  the coordination sphere obviously loosens the chro
m ium -oxygen bonds. The stab ility  constant o f  the Cr(H20 ) 6(0 C 0 2H )2 + com plex has 
been determ ined on the basis o f kinetic data.

T he in e r t  h e x a a q u a c h ro m iu m (II l)  ion re a c ts  su rp rising ly  read ily  w ith  
some oxyan ions. R a p id  com plex fo rm atio n  w ith  su lfite  [1], io d a te  [2], n i tr i te  
[3], an d  ch ro m a te  [4] has been d e m o n s tra te d  sp ec tro p h o to m e trica lly , th a t  
w ith  m o ly b d a te  [5] b o th  sp ec tro p h o to m e trica lly  an d  co n d u c to m etrica lly . T he 
assum ption  o f  an  in te ra c tio n  w ith  hyd rogen  c a rb o n a te  ions is ju s tif ie d  b y  its  
c a ta ly tic  effect o bserved  in  th e  reac tio n  b e tw een  th io cy an a te  an d  chro- 
m iu m (III)  [6]. S ince th e  anions m en tio n ed  ra p id ly  exchange th e ir  o x ygen  
atom s w ith  th o se  o f  w a te r  m olecules, it  is o b v io u s to  assum e th a t  ra p id  com - 
p lex ing  occurs w ith o u t cleavage o f th e  o rig inal ch rom ium -oxygen  b o n d , v ia  th e  
exchange o f o x ygen  a to m s betw een  co o rd in a ted  w a te r  m olecules and  o x y an io n s:

(H 20 ) 5— Cr— O H |+  +  О Х О Г  ;f =± (H 20 ) 6— CrÓXO<3-">+ +  H 20  (1)

This m echan ism  is id en tica l w ith  th a t  b e tw een  p en taam m in em o n o aq u a- 
c o b a lt( I I I )  a n d  n itr i te , p roven  b y  m eans o f  180  iso tope  [7]. Such ev idence , 
how ever, has n o t  y e t  been rep o rted  for ch ro m iu m , an d  th is  is th e  reason  w h y  we 
decided to  s tu d y  th is  sy stem . A chrom ium  co m p lex  w as selected in  w hich  th e re  
is an  in e r t ch rom ium -oxygen  bond  like in  th e  a q u a  com plex h u t th e  lig an d  
—  unlike w a te r  —  is unab le  to  exchange i ts  oxy g en  a tom s rap id ly  w ith  th e  
oxyan ions m en tio n ed . I f  ou r h y po thesis  is c o rre c t, no  rap id  com plexing  shou ld  
he observed . T h e  ch ro m iu m  com plex of d im e th y l su lfox ide (DMSO) is su ita b le
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fo r th is  p u rp o se . In fra re d  sp ec tro sco p y  p o in ts  to  th e  coo rd in a tio n  o f  d im e th y l 
su lfo x id e  to  chrom ium  th ro u g h  its  oxygen  a to m  [8]. I t  is also w ell k n o w n  th a t  
th e  r a te  o f  oxygen  exchange in  DM SO is v e ry  sm all [9].

E q u ilib r iu m  d a ta  w ith  re sp ec t to  th e  so lv a tio n  of ch ro m iu m (III)  in  w a te r , 
D M SO  a n d  th e  m ix tu re  o f th e se  tw o so lv en ts  a re  w ell know n [10]. N o q u a n ti ta t iv e  
d a ta  h a v e  so fa r  been re p o rte d , how ever, on th e  k ine tics  o f th e  processes in v o lv ed . 
T h e  p re s e n t  p a p e r deals w ith  th e  k in e tic  s tu d y  o f  th ese  processes as w ell as w ith  th e  
d e ta ile d  s tu d y  o f th e  effect o f  n i tr i te  ions a n d  ca rb o n  dioxide on th e se  reac tio n s .

E xp erim en ta l

M aterials

Com m ercial DMSO (R eanal, technical grade) was purified by vacuum  distillation  
ju s t  before the experim ents. H exaaquachrom ium (III) perchlorate was prepared from  chro- 
m ium (V I) ox ide in a perchloric acid m edium  b y  its reduction  w ith hydrogen peroxide. I t  was 
stored  a 1 m ol d m -3  aqueous solution  containing also perchloric acid.

H exakis(D M SO )chrom ium (III) was prepared as its  nitrate salt b y  the follow ing pro
cedure. Crystalline chrom ium (III) nitrate w as dissolved in  a tenfold molar am ount o f d im ethyl 
su lfox id e. Carbon dioxide was bubbled through the so lution  for 2 — 3 hrs. T hen i t  w as heated  
up to  100 — 105 °C and m ixed at th is tem perature for 6 — 8 hrs. A green oily  m aterial w as ob
ta in ed  after  cooling; upon adding absolute ethanol, w ell filtrable light green crystals precipi
ta ted . T his substance was purified further as described in  R ef. [11]. Further m aterials: HC104, 
H N 0 3, N a N 0 3, N a N 0 2, C 02 gas and N 2 gas were of analytica lly  pure grades. These substances 
were u sed  w ithout further purification.

Methods o f  K in e tic  Studies

R eaction s were follow ed spectrophotom etrically  at 25 °C, except for the m easurem ent 
o f the activ a tio n  energy, where the tem perature was varied. W ater was used as th e  so lvent 
in a q u a tio n  reactions and DMSO in  the anation  processes; in  some cases m ixtures o f DMSO  
w ith  w ater were applied. The hydrogen ion concentration  in DMSO solutions was adjusted  by  
m eans o f  perchloric acid whereas the ionic strength  b y  sodium  perchlorate. N itric acid and 
sod ium  n itra te  were used for this purpose in aqueous solutions because the DM SO -chrom ium (III) 
co m p lex  g ives a very slightly w ater-soluble sa lt w ith  perchlorate ion [11]. The hydrogen ion  
concen tra tion  in  DMSO solutions was regarded as equal to the analytical concentration  of 
acid added . The concentration of C 02 was varied by saturating the reaction m ixture containing  
all com ponents except for the chrom ium  com plex b y  a gas m ixture consisting o f know n  
am ou n ts o f  carbon dioxide and nitrogen. The concentration  of C 02 dissolved in  DM SO was 
determ ined  b y  bubbling nitrogen through the solution . The C 02 leaving was absorbed in  a K OH  
so lu tion  and measured gravim etrically as barium  carbonate. I t  was shown th a t the so lub ility  
o f  C 0 2 in  DM SO is independent o f  the hydrogen ion  concentration in  the concentration  range 
app lied  for kinetic  m easurem ents.

T he reaction was started b y  adding chrom ium  com plex to the m ixture. I t  w as carried out 
in a th erm osta ted , air-tight, stoppered cuvette . The spectrum  o f the m ixture was recorded perio
d ica lly  on  a P erkin—Elmer 402 spectrophotom eter. A  typ ica l group of spectra is show n in  F ig. 1.

T he log (A a  — Ai) values at 460 nm  ( A a  is th e  absorbance in  equilibrium , A t th a t  at 
t tim e) gave  a straight line as a function  o f the tim e, a t least in the in itial section  o f  th e  tim e  
scale. T he slopes o f these line gave the apparent first-order rate constants. I f  th is condition  
w as n o t fu lfilled , the initial slope o f  the absorbance vs. tim e curve (640 nm ) w as taken  as the  
m easure o f  the initial rate. These tw o quantities are related to each other b y  th e  follow ing  
defin ition :

The v a lu e  o f  Ae  in  Eq. (2) is not equal to the difference o f molar absorbances referred to  the  
to ta l chrom iu m (III) in the equilibrium  and the starting m ixture, respectively, b u t is rather
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Fig. 1. Spectrum  o f  a Cr(H20)jS + +  DM SO reaction m ixture as a function  o f tim e. 
[Cr(H20 ) | +] =  0.025 m ol dm -8 , [H  + ] =  0.02 m ol d m -3 , I  =  1.0 m ol d m -3 , d =  1 cm

th e  difference betw een  the molar absorbances o f hexaaqua- and m ono(DM SO )pentaaqua- 
ehrom ium (III). Since th is latter com plex has not been isolated in the pure sta te , the value  
o f  Ae was estim ated on the basis of availab le  literature data [10] and our ow n m easurem ents 
as A s  =  7 ±  1. I f  th is value of 7 ±  1 is su bstitu ted  into  Eq. (2) for Ae, the  rate o f  penetration  
o f  the first DMSO m olecule can be calcu lated . This is possible because tw o conditions are ful
filled  w ith respect to the system  studied . I f  e„ is the m olar absorbance o f a m ixed-ligand com
p lex  containing n  DMSO molecules, k„ is  the rate constant of the reaction betw een  the same 
com plex and DMSO (0 n 6), then

' £q ^  62

ki k2, fe3
A s was verified b y  m odel calculations, th e  values o f  kt , fcs, fc„ (however large or sm all th ey  are) 
do not influence th e  determ ination o f  k ,. The variation of en (n >  2) does not influence the 
accuracy of determ ination of kv  either, i f  the m odel does not contain an unrealistically  large 
e2 value (such as e2 >  lOe,).

The value o f  k l cannot be determ ined in such system s i f  — e0 <  e2 — el and also 
i f  fej <  fe,2, k3. If, how ever, fe, -y  k.,, fe3, . . . fc6, then, provided that Ae =  ee — e0, the values 
o f  k, can be calculated correctly. In th is case the sym bol should represent a t least a tw en ty 
fold difference.

R esults a n d  D iscussion

Solvolysis o f  C r (H .,0 ) \+ in  D M SO

The k in e tic  p a ram e te rs  o f  th e  n o n c a ta ly tic  reac tions h a v e  been  d e te r
m ined  firs t. To en su re  a carbon  d iox ide-free  m edium , n itro g en  gas w as bubb led  
th ro u g h  th e  so lu tio n . The in itia l r a te  does n o t change o b se rv ab ly  i f  th e  ionic 
s tre n g th  increases 0.1 to  1.0 m ol d m “ 3. In  sp ite  of th is  fac t, th e  ionic s tre n g th  
w as k e p t c o n s ta n t in  fu rth e r  e x p e rim e n ts . F igu re  2 show s t h a t  th e  in it ia l  ra te  
is d irec tly  p ro p o rtio n a l to  th e  c o n c e n tra tio n  o f c h ro m iu m (III)  ions. A n inverse 
p ro p o rtio n a lity  is va lid  for h y d ro g e n  ions (F ig . 3). T he in te rc e p t o f  th e  p lo t 
in  Fig. 3 has a p o sitive  v a lue , in d ic a tin g  th a t  th e  k in e tic  e q u a tio n  should
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ГСг3* М 0 2

F ig. 2 . R ate  o f the non cata lytic  reaction Cr(H20 ) 3 + +  DMSO as a function of chromium  
concentration. [H +] =  0.02 m ol dm -3 , I  =  1.0 m ol d m -3  NaC104, A =  640 nm

Fig. 3. R ate  o f the noncatalytic  reaction  as a function o f the reciprocal hydrogen ion con
centration . [Cr(H20 ) | +] =  0.025 m ol dm -3 , I  =  1.0 m ol d m -3  NaC104, A =  640 nm

c o n ta in  a te rm  in d e p e n d e n t o f  th e  p ro to n  c o n c e n tra tio n . T he follow ing k in e tic  
e q u a tio n  describes th e  e x p e rim e n ta l resu lts:

_ l LCr(H 2° ) e + ] =  [C r(H ,0)l+ ](/c  +  k '[  H + 1 " 1) (3)
dt

I f  t = 2 5  °C, and  1 = 1  m ol d m " 3, th e  values o f  th e  c o n s ta n ts  in  E q . (3) are  as 
follow s:

к  =  8.4 X 10_s m in -1 , k ' =  5.2 X 1 0 " 6 m in " 1 m ol d m " 3 .

T he d ifference  betw een  th e  in it ia l  ra te s  ca lcu la ted  b y  m eans of th is  eq u a tio n  
an d  fo u n d  ex p erim en ta lly  is n o t  la rger th a n  1 0 % . I f  th e  hyd ro g en  ion concen
t r a t io n  is 0.01 mol d m “ 3, th e  ac tiv a tio n  energy  o f  th e  re a c tio n  is 129 k J  m o l" 1.
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T h e  resu lts  can  be in te rp re te d  in  te rm s  o f  tw o s im u ltaneous p a th w a y s :

Cr(H 20)jj+ +  DM SO p ro d u c ts (4)

Cr(H 20 ) 3 ^ z r i C r ( H 20 ) 50 H 2 + H + (5)

C r(H .,0)50 H 2+ +  DM SO  products (6)

R a p id  p re -eq u ilib riu m  (5) is so m uch  sh if te d  to  th e  left in th e  [H + ] ra n g e  s tu d 
ied  (К  =  3 . 5 x l 0 -4  m ol d m “ 3) t h a t  o n ly  0.1— 1%  of th e  to ta l  a m o u n t o f 
ch ro m iu m  is p re sen t as th e  m o n o h y d ro x o  com plex. In  sp ite  o f  th is  fa c t,  th e  
ra te s  o f  step s  (4) an d  (6) are co m p arab le . T h is is in  ag reem ent w ith  th e  fac t 
kn o w n  from  th e  li te ra tu re  th a t  th e  su b s ti tu t io n  reactions o f m o n o h y d ro x o - 
c h ro m iu m (III)  are  fa s te r  b y  2— 3 o rd e rs  o f  m ag n itu d e  th a n  th o se  o f  th e  hexa- 
a q u a  com plex  [12].

E ffect o f  Carbon D ioxide on the Rate

I t  w as observed  th a t  th e  r a te  o f  fo rm a tio n  o f D M S O -ch ro m iu m (III) 
com plexes increases in  th e  p resence o f  ca rb o n  dioxide. F ig u re  4 show s th e  
in itia l r a te s  to g e th e r  w ith  th e  ra tio  o f  th e  in itia l ra tes  of th e  c a ta ly t ic  and  
n o n c a ta ly tic  reac tio n s as a fu nc tion  o f  th e  C 0 2 concen tra tion . T h is  fig u re  dem 
o n s tra te s  th a t  solvolysis in  a D M S O -so lu tion  sa tu ra te d  w ith  C 0 2 is n ea rly  
fo u r h u n d re d  tim es fa s te r  th a n  w ith o u t C 0 2, u n d e r o therw ise id e n tic a l con
d itio n s . I f  th e  c o n cen tra tio n  o f h y d ro g en  ions increases, th e  ra te  o f  th e  c a ta ly tic  
re a c tio n  decreases. T he q u a n tita tiv e  c o rre la tio n  is depicted  in  F ig . 5 w here  th e  
in itia l ra te s  are p lo tte d  as a fu n c tio n  o f th e  recip rocal hydrogen  io n  c o n c e n tra 
tio n . T h e  p a r tia l  reac tio n  o rd er w ith  re sp e c t to  chrom ium  is 1. T h e  ion ic  s tre n g th  
h as  no  o b servab le  effect in  th is  case, e ith e r .

W e h av e  de te rm in ed  th e  en erg y  o f  ac tiv a tio n  for th e  o v e ra ll process 
acce le ra ted  b y  C 0 2. Since th e  so lu b ility  o f  C 0 2 changes c o n sid e rab ly  as a 
fu n c tio n  o f  th e  te m p e ra tu re , th e  fo llow ing p ro ced u re  was app lied . W e s a tu ra te d  
th e  liq u id  m ix tu re  con ta in in g  no  ch ro m iu m  com plex w ith  C 0 2 a t  25 °C , th e n  
cooled  th e  alm ost fu ll c u v e tte  to  th e  re q u ire d  lower te m p e ra tu re . R each ing  
th is  v a lu e , we ad d ed  a sm all vo lum e o f c o n c e n tra te d  ch ro m iu m (III)  so lu tio n  to  
th e  m ix tu re . T h u s, th e  te m p e ra tu re  effect w as s tu d ied  a t  c o n s ta n t C 0 2 concen
t r a t io n  in  th e  10— 25 °C te m p e ra tu re  ran g e . Since th e  ca ta ly tic  p rocess is ab o u t 
fo u r h u n d re d  tim es fa s te r  th a n  th e  n o n c a ta ly tic  one, th e  v a lu e  o b ta in ed  
(E a =  62 k J  m ol“ 1) corresponds to  th e  en e rg y  o f ac tiv a tio n  o f  th e  c a ta ly tic  
p rocess. T h is is less th a n  one h a lf  o f  th e  a c tiv a tio n  energy o f th e  n o n c a ta ly tic  
process.
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Fig. 4. R eaction  rate as a fun ction  o f the [C02] concentration. R igh t hand axis shows the ratio  
o f the ca ta ly tic  and n on cata lytic  reaction. [Cr(H2 0)jj+] =  0.025 m ol d m -3 , I  =  1.0 m ol d m - 3  

NaC104, [H  + ] =  0.005 m ol d m -3 , A =  640 nm

Fig. 5. R ate  o f  reaction cata lyzed  b y  carbon dioxide as a fu n ction  of [H + ]_1, [Cr(H2 0 ) | + ] =  
=  0.025 m ol d m -3 , [C 02] =  0.165 m ol d m -3 , I  =  1.0 m ol dm -3 , A =  640 nm

T h e ex p e rim en ta l re su lts  allow to  w rite  th e  fo llow ing equation  fo r  th e  
c a ta ly tic  process:

d [C r(H 20 ) f+ ] к г К [  C 0 2]

dí [H + ] +  K [  C 0 2]

E q u a tio n  (7) can  he tra n s fo rm e d  as follows:

[Cr(H 20)?+ ] ( 7 )

[H + ]
[C02]

=  10c1[Cr(H 20 ) t+ ]  -  K v (8)
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C onsidering  also E q . (2), th e  v a lu es  o f  th e  c o n s ta n ts  in  E q . (8) c a n  be  d e te r
m ined  using  th e  m ethod  o f le a s t sq u a re s : =  0.393 m in “ 1 an d  К  =  0.0425.
R e-ca lcu la tin g  th e  in itia l ra te s  w ith  th e se  co n stan ts , a good a g re e m e n t was 
fo u n d  w ith  th e  ex p erim en ta l d a ta .  T h e  fu ll lines in  Figs. 4 a n d  5 co rrespond  
to  ca lcu la ted  an d  th e  sym bols to  e x p e rim e n ta l values. K ine tic  ev id en ce  is in  
ag reem en t w ith  th e  following sim p le  m echan ism , in  th e  f irs t  s te p  o f  w h ich  a 
c a rb o n a to  ch rom ium  com plex is p ro d u ced  in  a rap id  reac tion :

C r(H 20 )i+  +  C 0 2 (H 20 ) 5C r(0 C 0 2H )2+ +  H + (9)

T his c a rb o n a to  com plex reac ts  w ith  DM SO m uch  m ore rap id ly  th a n  th e  hexa- 
aq u a  com plex :

(H 20 )5C r(0 C 0 2H ) 2+ +  DM SO —^  p ro d u c ts  (10)

C onsidering  th a t  an  am o u n t o f  H + e q u iv a le n t to  th a t  o f ML is fo rm ed  an d  th e  
c o n c e n tra tio n  o f  [ML] can he  n eg lec ted  as com pared  w ith  [L ]x  o f  ca rb o n  d i
ox ide , th e  follow ing expression is o b ta in e d  fo r th e  equ ilib rium  c o n s ta n t  o f  (9):

K  M L (H T +  ML)
(MT -  M L) LT 1

H ere  H T d eno tes th e  h y d rogen  ion  c o n cen tra tio n  added , Mx th e  to ta l  con
c e n tra tio n  o f  chrom ium  an d  M L th a t  o f  th e  carbona to  co m p lex  form ed. 
R ea rran g in g  E q . (11), we o b ta in

M L 2 +  M L H T +  M L L T K  —  MT L TK  =  0 (12)

T he q u a d ra tic  te rm  M L2 can be  n eg lec ted . T hen  th e  c o n c e n tra tio n  o f  th e  c a r
b o n a to  com plex  will be:

M L =
liMy Lx 

H x -(- K L T
(13)

T he ra te  o f  reac tio n  will be th e  p ro d u c t o f  th e  carb o n a to  com plex  c o n c e n tra tio n  
an d  ra te  c o n s ta n t k v  I f  E q . (13) is m u ltip led  b y  th e  ra te  c o n s ta n t  o f  process
(10), we o b ta in  an  equa tion  id e n tic a l to  t h a t  found  ex p e rim en ta lly  (i.e . E q . 7). 
T he c o n tr ib u tio n  o f th e  n o n c a ta ly tic  re a c tio n  to  th e  overall r a te  is n o t  signif
ic a n t. I f  H T is la rge , th e  im p o rta n c e  o f  К  L T in  th e  d en o m in a to r decreases and  
th e  in itia l r a te  as a function  o f  th e  ca rb o n  dioxide co n cen tra tio n  ca n  be  ap p ro x 
im a te d  b y  a s tra ig h t line. T h is is show n in  F ig . 6, w here in itia l r a te s  observed  
fo r a  H +  co n cen tra tio n  o f 0.10 m ol d m “ 3 a re  p lo tte d  as a fu n c tio n  o f  th e  C 02 
co n cen tra tio n .
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Fig. 6 . R eaction  rate as a function  o f  the C 0 2  concentration. [Cr(H 2 0 )§ +] =  0.025 m ol d m - 3  
I  — 1.0 m ol d m - 3  NaC104  [H +] =  0.10 m ol d m -3 , X =  640 nm

200

100

[NOjl

Fig. 7. R eaction  rate as a function  o f the nitrite ions concentration . The right hand axis shows 
the ratio o f  the rate constants o f the catalytic  and the n o n cata ly tic  reaction. [Cr(H2 0 ) |  + ] =  

----- 0 .025 m ol d m -3 , [H + ] =  0.50 m ol d m '3, I  =  1.0 m ol d m - 3  NaC104, X =  640 nm

E ffec t o f  N itrite  ion on the R a te

I f  th e  values o f  lg  (A „  — A t) are p lo tte d  as a fu n c tio n  o f tim e  in  th e  
case o f  th e  reac tio n  ca ta ly z ed  b y  n itr i te  ions, th e  p o in ts  determ ine  a s tra ig h t 
line u p  to  a conversion  o f  6 0 % . T his perm its  to  c a lc u la te  ap p a re n t f ir s t  o rd e r 
ra te  c o n s ta n ts . Since sod ium  n itr i te  suffers a lk a lin e  hyd ro lysis , a h igher acid  
c o n c e n tra tio n  h ad  to  be  ap p lied  to  avoid  th e  fo rm a tio n  o f  chrom ium  h y d ro x o  
com plexes. B ecause o f  th e  decom position  o f  n i t r i te  to  gaseous p ro d u c ts , th e  
acid  c o n c e n tra tio n  cou ld  he increased  up  to  a c e r ta in  lim it. F igure 7 show s th e
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r a te  as a fu n c tio n  o f  th e  n itr i te  ion c o n c e n tra tio n . T he figure  co n ta in s  also  th e  
ra tio  o f  th e  r a te  c o n s ta n ts  o f  c a ta ly tic  a n d  n o n c a ta ly tic  reac tio n s . I t  can  he 
seen th a t  n itr i te  in  a co n cen tra tio n  o f  0.2 m ol d m -3  increases th e  re a c tio n  ra te  
b y  a fac to r  o f  a lm o st 200. As opposed  to  th e  p lo t observed  w ith  C 0 2, no  sa t-

Fig. 8 . R ate o f the reaction catalyzed by nitrite ions, as a function of [H +] _1. [Cr(H2 0 )j |+ ] =  
=  0.025 m ol d m - 3  [N O j] =  0.10 m ol d m -3 , I  =  1.0 m ol d m - 3  NaC104, Я =  640 nm

u ra tio n  appears here . I f  th e  en h an cem en t o f  th e  reac tio n  ra te  is in te rp re te d  
in  te rm s  o f  th e  ra p id  fo rm atio n  o f a n i tr i to  com plex  (like in  th e  case o f  ca rb o n  
dioxide) th e n  th e  s tra ig h t  line suggests a sm alle r s ta b ility  fo r th e  n i tr i to  com 
p lex , th e  c o n s ta n t o f  w hich  can n o t be d e te rm in e d  even from  th e  k in e tic  d a ta . 
A ccord ing  to  F ig . 8, a t  c o n s ta n t n itr i te  ion  co n cen tra tio n , th e  r a te  is d irec tly  
p ro p o rtio n a l to  th e  rec ip rocal h y d ro g en  ion  co n cen tra tio n . T he follow ing 
e q u a tio n  describes th e  ra te  o f solvolysis in  th e  presence o f  n i tr i te :

-  ^ r (W « + I  =  [Cr(H 20)jj+] (к  +  V [ H + ] - i  +  fc2[N O r] [H + ]-» )  (14) 
dt

w here k2 =  5.4 X 10“ 2 m in -1 ; t  =  25 °C; 7 - 1.0 mol d m -3  (N aC104).

T h e  effect o f  n i t r i te  can  be a t t r ib u te d  to  th e  fo rm atio n  o f a  n itr ito c h ro - 
m iu m (II I )  com plex  w ith o u t cleavage o f  th e  orig inal ch rom ium -oxygen  b o n d , 
w hich  has an  en h an ced  re a c tiv ity . T he d ep en d en ce  o f th e  r a te  on th e  h y d rogen  
ion  c o n cen tra tio n  in d ica te s  th a t  th e  c o n c e n tra tio n  of th e  n i tr i to  com plex  
decreases w ith  increasin g  ac id ity . I t  can  he con c lu d ed  th a t  free n itr i te  ions an d  n o t 
th e ir  p ro to n a te d  fo rm s are  in  equ ilib rium  w ith  th e  h e x a a q u a ch ro m iu m (III)  ion :

H + +  N 0 7  H N 0 2 (15)

C r(H aO)3+ +  N 0 7  s=± C r(H 20 ) 50 N 0 2+ +  H 20  (16)
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T h e  o x y g e n  o f  th e  w ate r m olecu le  leav in g  th e  com plex  com es from  th e  n i t r i te  ion .
N o  n itr i to  com plex fo rm a tio n  can  be o bserved  sp ec tro p h o to m e trica lly  in  

a  d im e th y l  sulfoxide m ed iu m . T h e  equ ilib riu m  [13] an d  k in e tic  [14] b e h a v io u r  
o f  th e  p ro cess  has been s tu d ie d  in  aqueous m ed ium . I t  was show n th a t  th e  
re a c t io n  assum ed  above, a lth o u g h  n o t in s ta n ta n e o u s  is u n u su a lly  ra p id  as 
c o m p a re d  w ith  o ther s u b s ti tu t io n  reac tio n s  o f c h ro m iu m (III) . T he c leav ag e  
o f  th e  ch rom ium -oxygen  b o n d  in  th e  n itr i to c h ro m iu m (II I )  com plex req u ire s  
less e n e rg y  th a n  in th e  h e x a a q u a c h ro m iu m (ll l)  com plex . This is su p p o rte d  
b y  th e  v a lu e  o f ac tiv a tio n  en e rg y  d e te rm in ed  in  th e  presence o f  0.1 m ol d m -3  
n i t r i t e  io n , w hich is equal to  E a =  90 k J  m o l-1 .

E ffec t o f  NO^~ and CO., on the Coordination and E lim in a tio n  o f  the Second, 
Third, . . . n-th  (u p  to n - 5 )  D M S O  Molecule

I t  h a s  been shown e x p e rim e n ta lly  t h a t  C 0 2 an d  N 0 2~ accelera te  n o t  o n ly  
th e  r e a c t io n  betw een h e x a a q u a c h ro m iu m (II I )  an d  DM SO —  i.e. th e  in c o rp o ra 
tio n  o f  th e  f irs t  DMSO m olecu le  in to  th e  co o rd in a tio n  sphere of ch ro m iu m  —  
b u t  a lso  t h a t  of fu rth e r D M SO  m olecules. In  o rd e r to  s tu d y  th is  p ro b lem , a 
w a te r — D M SO — c h ro m iu m (III)  sy stem  has been  chosen as th e  s ta r tin g  m a te 
r ia l , in  w h ic h  —  according to  A s h l e y  [15 ] —  th e  average  n u m b er o f b o th  w a te r  
a n d  D M S O  m olecules in  th e  co o rd in a tio n  sphere  is equal to  th ree . T h e  c o rre 
s p o n d in g  co n cen tra tion  is 6.4 m ol d m -3  DM SO in w a te r. I f  fu r th e r  D M SO is 
a d d e d  to  th e  equilibrium  m ix tu re  co rrespond ing  to  n  =  3, th e  new  e q u ilib ra 
t io n  is  m u c h  m ore rap id  in  th e  p resence  o f ca rb o n  d ioxide and  n itr i te  ion  th a n  
w i th o u t  th e m . The eq u ilib riu m  system  n  =  3 co n ta in s  m ain ly  m ix ed -lig an d  
co m p le x e s  (w ater and  D M SO ). T h e  c o n cen tra tio n  o f h e x a a q u a c h ro m iu m (III)  
is n e g lig ib le , th u s  its  reac tio n s  shou ld  n o t be  considered . I f  we ad d  w a te r  to  
th e  n =  3 equ ilib rium  sy stem , th e  eq u ilib riu m  is sh ifted  in  th e  reverse  d ire c tio n . 
T h is  o c c u rs  a t  a higher ra te  i f  th e  so lu tion  co n ta in s  carbon  dioxide or n i t r i te  
io n s. F ig u re  9 shows th e  re a c tio n  o f th e  n — 3 equ ilib riu m  system  w ith  w a te r  
a n d  D M S O . T he spectrum  o f a so lu tio n  w ith o u t a n y  n itr i te  rem ains u n c h a n g e d  
fo r  400  m in . In  th e  presence o f  n i tr i te , th e  sam e period  is su ffic ien t fo r a co n 
s id e ra b le  change to  occur. T h e  ex p e rim en t p roves th a t  b o th  C 0 2 an d  N 0 ^“ 
a c c e le ra te s  th e  coord ination  a n d  e lim in a tio n  o f  th e  2nd , 3rd , . . . n - th  D M SO  
m o lecu le , respective ly . E lim in a tio n  p reva ils  w ith  n  <T 5.

A q u a tio n  o f  C r ( D M S 0 ) \+

A q u a tio n  is a very  slow process a t  room  te m p e ra tu re . T he sp ec tru m  o f  th e  
r e a c tio n  m ix tu re  a t various re a c tio n  tim es is show n in  F ig . 10. T hree  iso sbestic  
p o in ts  c a n  be  found on th e  g ro u p s  o f  sp e c tra  in d ica tin g  th a t  only  th e  s ta r t in g  
C r(D M SO )g+ and  th e  f in a l p ro d u c t  a re  p re se n t in  s ig n ifican t co n cen tra tio n s  a t
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Fig. 9. Reaction o f an equilibrium m ixture w ith w ater and DMSO for h  =  3. [DMSO] =  6.4  
m ol d m -3, [Сгд+з =  0.025 mol d m -3 , [H +] =  0.50 m ol d m -3 , [NOj“] =  0.10 m ol d m -3 ,

A =  640 nm.
+  DMSO: 1 volum e of reaction  m ixture •- 

-f- 3 volum e o f DMSO;
+  H 20 :  1 volum e of reaction m ixture +

-f- 3 volum e of H 20

all tim es, an d  in te rm e d ia te  m ix ed  com plexes do n o t  accu m u la te  in o b se rv ab le  
am m o u n ts . A s tra ig h t  line is o b ta in ed  i f  lg  (A , —  A „ )  a t  an y  a p p ro p r ia te  
w aveleng th  is p lo tte d  as a fu n c tio n  o f tim e . N o isosbestic  po in ts  are  fo u n d  a t  
h ig h er hyd rogen  ion  co n cen tra tio n s  ( [H 4 ] ]> 0.01), n e ith e r  is th e  p lo t o f  
lg  (A , — A m) a g a in s t tim e a s tra ig h t  line. T h is  can  be  exp la ined  b y  th e  slow  
inco rpo ra tion  o f  th e  f irs t w a te r  m olecule a t  low  h y d ro g en  ion co n cen tra tio n s  
as com pared  w ith  th a t  of su b se q u e n t w a te r  m olecules. T his is n o t su rp ris in g  
since the  h y d ro x o  com plex p ro d u ced  by  d e p ro to n a tio n  o f  th e  m ixed  w a te r-  
DM SO com plex  form ed in th e  f irs t  s tep  re a c ts  m u ch  m ore rap id ly  th a n  th e
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a q u a  co m p lex . This is in  a g re e m e n t w ith  th e  general b e h av io u r o f  ch ro m iu m  
co m p lex es . T he increase of h y d ro g e n  io n  co n c e n tra tio n  suppresses th e  fo rm a tio n  
o f  h y d ro x o  com plexes, th u s  th e  r a te  o f  su b se q u e n t steps decreases. T h e  in te r 
m e d ia te s  h a v e  an  ap p rec iab le  a b so rp tio n , th u s  no isosbestic  p o in ts  a p p e a r  in  
th e  sp e c tru m .

T h e  f ir s t  o rder ra te  c o n s ta n t  o f  a q u a tio n  of Cr(DM SO)g+ in  w a te r  is 
A;aq =  6 .6  Ж 10 5 m in “ 1 (a t t =  25 °C, I  = 2 . 0  m ol d m “ 3 N a N 0 3, p H  = 3 .5 ) .  
T h is  r a te  does n o t increase i f  so d ium  h y d ro g en  ca rb o n a te , ca rb o n  d io x id e  or 
so d iu m  n i t r i te  is added . T his m ean s t h a t  th e  aq u a tio n  o f Cr(DMSO)®+ ions is 
n o t  c a ta ly z e d  b y  carbon  d iox ide  o r n i t r i te  ions.

T h e  resu lts  in d ica te  t h a t  C 0 2 a n d  NO^T show  a c a ta ly tic  e ffec t on  th e  
p ro cesse s  occu rring  in  th e  D M SO — c h ro m iu m (I I I )— w ate r sy s tem  i f  th e  co o rd i
n a t io n  sp h e re  o f ch rom ium  c o n ta in s  w a te r  m olecule(s) too . T h is is in d ire c t 
e v id e n c e  su p p o rtin g  th e  m ech an ism  o f  o x y g en  exchange m e n tio n e d  in  th e  
In tr o d u c t io n  since th is  is th e  o n ly  p o ss ib ility  o f  rap id  com plex ing  via  oxygen  
e x c h a n g e . In  th is  case a ca rb o n a to  a n d  n i t r a to  com plex is p ro d u ced  in  a rap id  
p re -e q u ilib r iu m  and  th e  ap p e a ra n ce  o f  a new  ligand  in th e  c o o rd in a tio n  sphere 
lo o sen s th e  chrom ium — oxygen  b o n d s. T h is is evidenced b y  th e  s ig n ifican t 
d e c re a se  o f  th e  ac tiv a tio n  en e rg y  o f  th e  C r(H 20)j|~  -f- DM SO re a c tio n  in  th e  
p re se n c e  o f  n itr i te  ions an d  especia lly  ca rb o n  d ioxide.
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The reactions of asymmetrically disubstituted ureas with chloromethylene- 
dimcthylammonium chloride were investigated. The resulting carbamoylamidinium 
chloride could not be isolated in the crystalline state but the products of their decom
position formed on thermal treatment, on treatment with a tertiary base and on hydrol
ysis, have been identified, their structures elucidated and their formation explained. 
According to the experimental results, direct iV-acylation seems to be probable.

In  a p rev io u s p a p e r  [1], th e  reac tio n s o f sy m m etrica lly  d isu b s titu te d  
u reas  w ith  c h lo ro m e th y len ed im eth y l-am m o n iu m  ch lo ride an d  ch lo rod im ethy l- 
am in o m eth y len ed im eth y l-am m o n iu m  ch lo ride w ere described . I t  w as found  
th a t  in  th e  f irs t  case IV -carbam oylform am idin ium  chlorides, in  th e  second case 
IVjIV’-d iary lch lo ro fo rm am id in iu m  chlorides w ere form ed

+  n r ) l  =  N(CH,)..Cl'

О
II

N — C — NH

C H = N (C H j)2c r

3

+  (CH3)2N —"C— N (C H 3)2C)° 

01

2 4

W hen  con sid erin g  th e  sim ilar re a c tiv itie s  an d  s tru c tu re s  o f  reag en ts  1 and  
2 an d  th e ir  d iffe re n t space req u irem en ts , th e  fo rm a tio n  o f co m pounds 3 and  4 
can  be ex p la in ed  as follows. On th e  an a lo g y  o f th e  acy la tio n  o f  u rea s , th e  f irs t 
s tep  o f  th e  re a c tio n  is assum ed to  be th e  acy la tio n  o f th e  ca rb o n y l oxygen  w ith  
e ith e r  o f th e  re a g e n ts ; how ever, s ta b iliz a tio n  o f  th e  O-acyl in te rm e d ia te  tak es  
p lace in  d iffe ren t w ay s: in  th e  case o f 1 an  0  —► iV acyl m ig ra tio n  occurs, w here
as w ith  2, h av in g  a  la rg e r space re q u ire m e n t, th e  process is oxygen  chlorine 
exchange b y  d isp ro p o rtio n a tio n . I t  m u s t be n o te d  th a t  in th e  case o f  1 th e re  is 
no  reason  w h y  to  exclude  th e  possib ility  o f  d irec t a cy la tio n  a t  th e  u re a  n itro -
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gen . U n fo rtu n a te ly , th e  sam e  p ro d u c t (3) is fo rm ed  in  e ith e r  reac tio n  p a th , 
o w ing  to  th e  equivalence o f  th e  n itro g en  atom s.

I t  w as expected  th a t  a s tu d y  o f  th e  reac tio n s o f  a series o f a sy m m etrica lly  
d is u b s t i tu te d  ureas w ith  am id e  ch lorides w ould y ie ld  fu r th e r  d a ta  to  s u b s ta n 
t i a t e  o n e  or th e  o th e r o f  th e  re a c tio n  p a th s  o u tlin ed  above.

A ccord ing  to  th e  w o rk in g  h y p o th es is , if  th e re  is a su ffic ien tly  large  d iffer
ence  b e tw e e n  th e  basic ities o f  th e  u re a  n itro g en s, th e  fo rm a tio n  o f  a hom oge
n eo u s  p ro d u c t can be ex p ec ted , w hose s tru c tu re  is u n am b ig u o u sly  d ep e n d e n t on 
w h e th e r  0 -  o r N -acy la tio n  h as  f i r s t  occurred . (The b a s ic ity  of th e  n itro g en s  in  
u re a s  c a n  be  com pared  b y  th e  p K a values o f th e  co rrespond ing  am ines, as 
sh o w n  b y  Mukaiyama in  a k in e tic  ex am in a tio n  o f  th e  th e rm a l d issocia tion  o f 
u re a s  in  so lu tion  [2]). O ur co n c e p t is illu s tra te d  b y  th e  reac tio n  eq u a tio n s 
b e low . ( In  th e  form ulas, an  a rro w  p o in tin g  to  th e  n itro g en  a tom  rep resen ts  th e  
e le c tro n  d o n a tin g  ch a ra c te r  o f  R x, w hile an  arrow  o f opposite  d irec tio n  deno tes 
th e  e lec tro n -w ith d raw in g  n a tu r e  o f  R 2.)

Rr>-NH—C—NH—►—Кг +  Cl-CH=N(CH3)2Cle ------- -
II
О

_®_
R i-»-N H—C—NH->—R 2

— --- I о 2C10
O—CH=N(CHsb ^ HU

Ri-*-NH—C ==N ►-Кг
|-*\ © 

0 A CH=N(CH 3 ) 2

Cl9

Ri-KNH—C—N—  R2

II I
О CH

®N(CH3)2C1S

Reaction path with O-acylation (I)
3

R 1— NH—C—NH->-R2 
II 
О

+ Cl—CH=N(CH3)2Cle
0
II

R,->—N—C—NH-*—K2 
CH

©I' •N(CH3)2C r

Reaction path with IV-acylation (II)
3 '

O n th e  basis o f th e  tw o  re a c tio n  p a th s  i t  can  be  concluded  th a t  th e  
re la t iv e  b as ic ity  of th e  n itro g e n  a to m s is o f  im p o rtan ce , since th is  w ill d e te r 
m in e  th e  d irection  o f th e  s ta b iliz a tio n  o f  th e  im m o n iu m  sa lt in te rm e d ia te ,
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i.e. th e  d irec tion  o f  th e  0  —+ N  acy l m ig ra tio n  in  th e  case o f  O -acy la tion , 
o r  th e  site  and  re su lt  o f d irect n u c leo p h ilic  a t ta c k  in  th e  iV -acylation  reac 
tio n  p a th .

T h e  above tw o  reaction  p a th s  y ie ld in g  th e  d iffe ren t isom ers 3 an d  3’, 
sho u ld , o f course, be reg ard ed  as lim itin g  cases, w hich have  re a lity  o n ly  if  th e re  
is a s ign ifican t d ifference  betw een th e  p K a v a lu es . W hen  these  a re  in  th e  sam e 
o rd e r o f  m ag n itu d e , ce rta in ly  an  isom eric  m ix tu re  is o b ta in ed , irre sp ec tiv e  of 
th e  m echanism  o f  fo rm atio n .

T he u rea -am id e  chloride re a c tio n s  w ere effected  w ith  th re e  g roups o f 
a sy m m etric  d e riv a tiv e s :
( a )  iV-phenyl-iV’-m e th y lu rea , iV -phenyl-iV ’-b u ty lu re a , iV -phenyl-iV ’-cyclohe- 
x y lu re a , -/V»4-nitrophenyl-lV’-cy c lo h ex y lu rea ;
( b)  iV-phenyl-iV’-4 -ch lo ropheny lu rea , A'-phenyl-7V’-3 ,4 -d ich lo ropheny lu rea , 
7V -phenyl-4-tolylurea, iV -phenyl-4-an isy lurea, iV-4-tolyl-./V,-3 ,4 -d ich lo ropheny l- 
u re a , iV-phenyl-iV’-d -n itro p h e n y lu re a ;
(c )  7V-2-pyridyl-iV,-pheny lu rca , iV -2-pyridyl-iV ,-4,-ch lo ro p h en y lu rea , N -2- 
pyridyl-JV ’-b u ty lu re a .

T h e  reag en ts  w ere  allowed to  re a c t  in  eq u im olar ra tio  in  a n h y d ro u s  chlo
ro fo rm  a t  25 °C. A fte r  cau tious e v a p o ra tio n  o f  th e  so lven t v iscous substances 
w ere o b ta in ed  in  th e  case of u reas in  g ro u p s ( a )  and  ( b)  these  w ere p u rified  b y  
w ash in g  w ith  e th e r , b u t  none o f th e m  cou ld  be crysta llized . T h e  accom plish 
m e n t o f  th e  re a c tio n  w as checked b y  th e  d e te rm in a tio n  o f th e  ch lo ride  ion 
c o n te n t o f th e  p ro d u c t, and b y  i ts  I R  sp e c tru m  recorded  in  ch lo ro fo rm . Two 
in ten se  b an d s, ch a rac te ris tic  o f  th e  carb am o y lam id in iu m  s tru c tu re , could 
a lw ays be found  a t  1710— 1740 c m -1  a n d  1670— 1690 cm “ 1 in  th e  sp ec tra . 
T hese  d a ta  an d  P M R  spectroscopy  d id  n o t  y e t  reveal w h e th e r th e  p ro d u c ts  h ad  
s tru c tu re  3 or 3 ’, a n d  w hether th e y  w ere u n ifo rm  o r a m ix tu re  o f  isom ers. T here
fo re  a  chem ical m e th o d  o f id en tif ic a tio n  w as needed . E arlie r i t  w as fo u n d  th a t  
com pounds o f ty p e  3 gave u n am b ig u o u s ly  iso cy an a te  an d  iV -aryl-iV’iV’-di- 
m e th y lfo rm am id in iu m  chloride on  th e rm a l decom position . T his re a c tio n  seem ed 
to  be su itab le  fo r th e  solu tion  o f  th e  p ro b lem , since fo rm am id in iu m  chlorides 
a re  v e ry  stab le  a n d  th e ir  id e n tif ic a tio n  m ak es possible d raw in g  conclusions 
reg a rd in g  s tru c tu re  3 o r 3’.

A  , e  _
3 ------- *- K i-*-N =C =0 +  R 2 --N H —CH—N(CH3 )jC10

4

3’ — — >- K 2 - ^ N = C = 0  +  R i-*-NH — C H = N  (CH,)2C1°

4 '
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Table I

Thermal decomposition o f  carbam oylam idinum  chlorides

3
R^HCONHR p K . R-—NH—CH=+N(CHs)2C1 M.p.,

°c
C1-, %

R* R ^H , r2n h 2 I* n* 1 Formed ealed. Found

Ü CH3 C6H 5 10.64 4.58 C6H 5 CH3 c eH 5 2 2 8 -2 3 0 19.20 19.15

b C4 H 9 C6H 5 10.61 4.58 C,H5 C4 H 9 c 6H 5 2 2 7 -2 3 0 19.20 19.22

c 4-CH 3 - C 6H 4 3,4-Cl2—C6 H 3 5.10 3.25 3,4-Cl—C6 H 3 4-CH3— C6 H 4 3,4-Cl2 —C6 H 3 2 4 2 -2 4 6 14.00 14.10

d CeH 5 4 -N 0 2 - C GH 4 4.58 2.04 4 -N 0 2 —CeH 4 C6 H 5 4-NOo—C6 H 4 2 6 5 -2 6 8 15.50 15.50

e суЗ-и CeH 5 1 0 . 6 8 4.58 C6H 5 C6 H 14 C6 H 5 2 3 0 -2 3 1 19.20 19.10

f CeH 5 4-C l- CGH 4 4.58 3.9 4-C1 - C6 H 4 C6H 5 C6 H 5 1 9 6 -2 0 4 19.20
18.90

4-C1 CeH 4 16.20

g C6H 5 3,4-Cl2  C6 H 3 4.58 3.25 3,4-Cl3 —C6H 3 CeH 5 3,4-Cl2 - C 6 H 3

+
2 1 4 -2 1 9 19.20

16.2
C6 H 5 14.0

ь C,HU 4 -N 0 2 —C6 H 4 1 0 . 6 8 2.04 4 -N 0 2 —C6 H 4 C6 H U 4 -N 0 2 —C6 H 4 2 6 2 -2 6 5 15.60 15.50

i 4-CH3— C6 H 4 c 6 H 5 5.10 4.58 C6H 5 4-CH 3 - C 6 H 4 4-CH 3 —C6 H 4 2 1 0  - 2 2 0 17.90
+ 18.1

C6H 5 19.20

j 4-CH30  —C6 H4 C6H 5 5.31 4.58 C6 H 5 4-CH30  — C6 H 4 4 • CH30 - C 6 H 4 2 0 0  2 0 2 16.50
+ 17.0

CeH 5 19.20

к 2-CH, C6 H4 C6 H 5 4.39 4.58 m ixture CeH 5 2 0 4 -2 0 8 19.2 19.2

* I and II represent the products expected on the basis o f the two different m echanism s
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T h erm al decom position  o f  th e  c a rb am o y lam id in iu m  chlorides w as ef
fec ted  in  te tra c h lo ro e th a n e  a t  re flu x  te m p e ra tu re  (140 °C). The course o f  th e  
reac tio n  w as fo llow ed b y  th e  I R  sp ec tru m  o f th e  so lu tio n  observing th e  in te n se  
ab so rp tio n  o f th e  iso cy an a te  form ed a t  2260— 2270 cm -1 . I t  was fo u n d  t h a t  
th e  N ,N ’-d ia ry l d e riv a tiv e s  com plete ly  d ecom posed  on re flux ing  fo r  2 0 — 30 
m in , w hile th e  iV-aryl-iV’-alky l com pounds re q u ire d  a re flu x  tim e  o f  sev e ra l 
hours to  ach ieve  com plete  decom position . A f te r  th e  accom plishm ent o f  th e  
reac tio n , th e  so lv en t w as ev ap o ra ted  in  v a c u u m  an d  th e  tr is u b s ti tu te d  fo rm - 
am id in ium  ch lo rides w ere c rysta llized  from  th e  re sid u e  w ith  acetone. T h e y  w ere  
id en tified  b y  d e te rm in a tio n  o f th e ir  Cl-  c o n te n t  a n d  b y  com parison (m .p ., IR )  
w ith  a u th e n tic  sam ples p rep ared  from  th e  co rresp o n d in g  am ine a n d  ch lo ro - 
m e th y len ed im eth y lam m o n iu m  chloride.

T he re su lts  a re  sum m arized  in  T ab le  I .
As read ily  seen from  th e  T ab le , in  th e  cases w here th e  d ifference in  th e  

K -  values o f th e  N x a n d  N2 a to m s exceeded  tw o  o rders of m agn itude , th e  p ro d 
u c ts  expected  on  th e  basis o f  th e  O -acy la tion  m echan ism  were fo rm ed . I n  th e  
case o f com pounds 3f, 3g, 3i, an d  3 j, th is  d ifference  was betw een 0.5 a n d  1.3; 
here  a m ix tu re  o f  am id in iu m  chlorides w as o b ta in e d , w hich is n o t in  c o n tra 
d ic tion  w ith  e ith e r  o f  th e  m echanism s a ssu m ed , a lth o u g h  th e  m ix tu re  ra tio s  
ca lcu la ted  on th e  basis  o f th e  C l-  c o n te n t r a th e r  su p p o rt ЛГ-acy la tio n  (T ab le  
I I ) . T he b e h av io u r o f  th e  o-tolyl d e riv a tiv e  is re m a rk a b le : here th e  p K a v a lu e s  
are  p rac tica lly  th e  sam e, y e t th e  p ro d u c t is n o t  a m ix tu re  b u t  a h o m o g e 
neous co m p o u n d  acy la ted  a t  th e  n itro g e n  a to m  ad jacen t to  th e  p h e n y l 
group. T his can  be  exp la ined  b y  th e  s tro n g  ste ric  h indrance  o f  th e  ortho 
m e th y l group .

Table II

Com position o f  mixtures o f  N -aryl-N ,N '-dim ethylform am idinium  chlorides

No. Cl.- %
Calculated ratio in the mixture, %

I II

3f 18.9 4-Cl— C,H4N H  CH =  N(CH 3 )2 C1- C6 H5N H  C H =N (C H 3 )2 C1-

1 0 % 90%

3g 16.2 3,4-Cl2 C,H3N H  C H =N (C H 3 )2 C1 - C6 H 5 N H -  C H =  N(CH 3 ),C1 -

58% 42%

3i 18.1 C,H 6 N H C H = N (C H 3 )C12- 4-CH 3  C,H4 C H =N (C H 3 )2a -

15% 85%

3j 17.0 C,H jNH  CH N(CH 3)2C1- 4-CH30  -  CeH4 C H = N (C H 3 )2 C1 -

18% 82%
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O n th e  basis o f th e  re su lts  o f th e rm a l decom position , th e  p re d o m in a tin g  
c h a ra c te r  o f th e  O -acy la tion  m echan ism  cou ld  be ad voca ted  —  w ith o u t 
e x c lu d in g  d irec t N -acy la tio n  —  if  i t  w ere su re  t h a t  no rea rran g em en t can  occur 
u n d e r  th e  v igorous co n d itio n s (140 °C) u sed . I n  o rder to  decide th is  p ro b lem , 
th e  id e n tif ic a tio n  o f th e  p rim a ry  p ro d u c t o f  th e  u rea  am ide ch lo ride  re a c tio n  
h a d  to  b e  a tte m p te d . E a rlie r  i t  was re p o rte d  t h a t  th e  solvolysis o f th e  c ry s ta llin e  
c a rb a m o y la m id in iu m  ch lo rides p rep a red  b y  th e  am ide chloride re a c tio n  of 
sy m m e tr ic  d ia ry lu reas  y ie lded  th e  s ta r tin g  d ia ry lu re a s  [1]. I t  w as assu m ed  th a t  
th e re  m a y  be a p o ssib ility  fo r th e  s p lit t in g  o f  th e  C = N + bond  w ith o u t th e  
c le a v a g e  o f  th e  C— N  b o n d , depend ing  on th e  s tre n g th  of th e  bonds w h ich  can 
b e  a t ta c k e d  h y d ro ly tica lly , a n d  on th e  c o n d itio n s  o f th e  hydro lysis.

Kr>-N—C—NH—*—B,2

I
CH

еД(СН3 )2С10

3

H 20

Rn—1\  H— C —N H—>—R 2

5 Ö
О
If
—N H->-R 2

CHO

6

W h en  th e  p ro d u c ts  w ere tre a te d  w ith  a lcoho l a t  am bien t or re flu x  te m 
p e ra tu re s  th e  s ta r tin g  u reas  (5) w ere re c o v e red  in  each case, b u t  w h en  th e  
h y d ro ly s is  w as effected  w ith  w a te r  u n d e r m ild  conditions, in som e cases th e  
iV -fo rm y lu rea  o f  ty p e  6 could  be p rep ared . T h e  tw o  sharp  CO b an d s in  th e  IR  
s p e c tra  (b e tw een  1730 a n d  1680 cm -1) an d  th e  C H N  analysis d a ta  d id  n o t  y e t 
a llow  decision  w hich o f  th e  N -a tom s w as c a rry in g  th e  form yl g roup; th e re fo re , 
id e n tif ic a tio n  w as ach ieved  b y  com parison  w ith  a u th e n tic  sam ples p re p a re d  
in  a n  in d e p e n d e n t w ay. T hese w ere m ade fro m  th e  ap p ro p ria te  iso c y a n a te s  
a n d  fo rm an ilid e s  by  re flu x in g  th em  in a n h y d ro u s  to luene.

RiNCO +  RaNHCHO

RiNHCHO +  RaNCO

RiNH—C—N—R2  

II I 
0  CHO

о
II

R iN -C —N H -R 2  

CHO

T h u s  in  th e  case o f  com pounds 3f, 3i a n d  3j i t  could be e stab lish ed  th a t  
th e  fo rm y l group , an d  co n seq u en tly  th e  p r im a ry  d im e th y lam in o m eth ly en e  
g ro u p , w ere  a tta c h e d  to  th e  m ore  basic n itro g e n  a to m .
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R

О

-N—C—NH->-Rj 

CH

'JV(Clh)2Cl°

H«o
Ri-*-N—C— NH

I
CHO

6  f, i . j

3'

f  R i =  CoHs, R 2  =  4-C1— C6H i

i R i =  4-CHj— C6 H 1( R 2  =  CeHs 

j  R i =  4-CHjO— CeHi, R 2 =Cr,H.i 

к R, =  2-CHj— CcH.,, R 2  =  ( V.H.-,

-R2

C om pounds 6 p rep ared  w ere n o t e n tire ly  hom ogeneous; th e y  co n ta in ed  
10— 20%  of th e  o th e r  isom er, as show n b y  th e  d a ta  in  T ab le  I I .  In  th e  m eth y l- 
a n d  m eth o x y -co n ta in in g  ureas i f  com pounds 3 an d  th e  h y d ro lysis  p ro d u c ts  
6 w ere m ix tu res  o f  isom ers, th is  w as in d ic a te d  b y  th e  PM R  sp e c tra . On th e  
basis  of th e  in te g ra te d  signal, th e  a p p ro x im a te  ra tio  o f th e  isom ers cou ld  also 
he  ca lcu la ted  (T ab le  I I I ) .

Table III

P M R  data o f  carbam oylam idinium  chlorides and their 
hydrolysis products in CDCI3 solution ( ^tms =  ^)

3 6

Ö N(CH,), CH, or CH,,0 CH, CH,0

{ 2.60; 3.50

1 2.65; 3.53 2.27; 2.38 

25%/75%

2.30; 2.40 

20%/80%

j 2.67; 3.56 3.75; 3.80

15%/8 5%

3.78; 3.83 

19%/81%

к 2.55; 3.45 2 .1 2 2.25

The sp e c tra  w ere recorded  in  CDC13 u s in g  TMS as in te rn a l s ta n d a rd ;  th e  
v alues are g iven  in  d un its .

The d is ta n t  d o u b le t of th e  N (C H 3)2 g ro u p  is in sensitive  to  th e  presence 
isom ers, b u t  th e  m e th y l an d  m e th o x y  g roups p roduce  tw o  s ing le ts , and  
th e  isom eric ra t io  ca lcu la ted  on  th is  basis  is in  accordance  w ith  th e  com 
position  o f th e  m ix tu re  ca lcu la ted  from  th e  Cl-  c o n te n t o f th e  fo rm am id in iu m  
chlorides.
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U n fo rtu n a te ly , in  th e  case  of 3a, 3b a n d  3c, gen tle  h y d ro lysis  re m a in e d  
u n su ccessfu l, and u reas  5 co u ld  be iso la ted  on h e a tin g . C om pounds 3d a n d  3h 
su ffe re d  hydro lysis im m e d ia te ly  a fte r  d isso lu tion  in  w a te r , how ever, h e re  again  
o n ly  u re a s  5 were fo rm ed .

T h is  evidence p o in ts  to  th e  7V-acylation m ech an ism , b u t  i t  is n o t  su ffic ien t 
a lo n e ; th e re fo re , fu r th e r  p ossib ilities  w ere tr ie d  to  su p p o rt th is  c o n c e p t: th e  
d eco m p o sitio n  of co m pounds o f  ty p e  3 w as ex am in ed  on th e  effect o f  tr ie th y l-  
am in e .

O', l u 
ll 'I"

Ri-*-N—C—N-*-R 3  

CH
в"eN(CH3 )2Cl0

TEA

-Т Е Л -Н С 1

O; e
I V ,

R r-*-N-rC—  N —<-R2

CH®
I

N(CH 3 ) 2

R 2 -4V C O  +  R i-* -N = C H — М(СНз) 2

In  th e  case o f com pounds 3c, 3d , 3f, 3g, 3h, 3i an d  3 j, th e  decom position  to o k  
p lace  a lre a d y  a t  room  te m p e ra tu re . T he re su ltin g  iso cy an a te  in  th e  re a c tio n  
m ix tu re  w as allowed to  re a c t  w ith  aniline an d  th u s  id en tified  in  th e  fo rm  o f 
u re a . I n  th is  w ay, i t  cou ld  be  e s tab lish ed  th a t  in  a ll cases th e  iso c y a n a te  co n 
ta in in g  th e  less nucleophilic  n itro g e n  a to m  h ad  been  form ed on d isp ro p o rtio n a 
tio n  w ith  tr ie th y la m in e , w h ich  y ie ld ed  fu r th e r  ev idence  for th e  d irec t IV-acyla- 
t io n  (T ab le  IV).

Table TV

Decomposition o f  carbam oylam idinium  chlorides w ith triethylamine

No. Ri R,
R—NH—C—NHCeH6 

0
M.p.,

°C Notes

3 ’c 4-CH 3 - C 6H4 3,4-Cl, —C6 H 3 3,4-Cl, C6H 3 2 1 4 -2 1 7
3 ’d C6H 5 4 -N 0 2 —C6 H 4 4 -N 0 2  C6 H 4 2 0 4 -2 0 7
3 ’f C6 H 5 4-C1 C6 H 4 4-C1—C6H 4 2 3 7 -2 4 0 Little

C ,H sN H C O N H C 6H 5

3’g C6 H 5 3,4-Cl2 — C6 H 3 3,4-Cl2 C6H 3 215— 218
3 ’h CeH u 4 -N 0 2  C6 H 4 4 -N 0 2 —CeH 4 2 0 3 -2 0 5
3’i 4 -CH 3  C6 H4 C6 H 5 C6 H 5 2 3 6 -2 3 8 Little

C,H5NH CO NH
4-CH 3 C6 H 4

3 ’j 4-CH 3 0 —C6 H4 C„H5 CeH 5 2 3 6 -2 3 9 Little
C6H 5NH CO NH
4CH 3 OCeH 4
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N ow  an ex p la n a tio n  w as so u g h t for th e  ap p ea ran ce  o f  su ch  decom position  
p ro d u c ts  on th e rm a l decom position  o f com pounds o f  ty p e  3 ’ w h ich  w ere c o n tra 
d ic to ry  to  th e  IV -acylation m echan ism  (II) . T he follow ing w o rk in g  hypothesis 
w as co n stru c ted : in  th e  p rim a ry  reac tio n , th e  am ide  ch lo ride  a tta c k s  a t  the  
m ore  basic N -a to m , an d  th e  re su ltin g  ca rb am o y lam id in iu m  chloride can 
u n d erg o  d issociation  on th e  effect o f h e a t in  tw o w ays. A cco rd ing  to  th e  f irs t,

!I
th e  expec ted  sp littin g  o f th e  te r t ia ry  — N — C =  0  b o n d  ta k e s  p lace  w ith  the  
fo rm a tio n  o f  th e  t r is u b s ti tu te d  am id in ium  chloride c o n ta in in g  th e  electron 
d o n a tin g  group a n d  th e  iso cy an a te  ca rry in g  an  e lec tro n -w ith d raw in g  su b s tit
u e n t;  these tw o co m pounds re a c t th e n  w ith  each o th e r  a t  th e  te m p e ra tu re  of 
th e  decom position  (140 °C), w hereupon  th e  tw o g roups m e n tio n e d  are in te r 
ch an g ed  (P a th w a y  A).

® eRi— . \ y  X II—- R í Ri-*-NH—C'H—  N(G'H3)2Cle
Г  Л A

CH --------- - +  =

JN (('lh )2 ÍT K2—NCO

Rr*-NH—CH—N(C:H3)2 

Cl6о
//----- N-*—1<2

R 2— i\H — C H =N (C H 3)2Cle

+
Ri-*-XCO

A ccording to  P a th w a y  В assum ed , th e  exchange o f  g roups is preceded b y  
an  in tram o lecu la r  re a rra n g em e n t th ro u g h  an  u re th id in o n e  ring . As a piece o f 
ev idence for th is , one ex p erim en t is m en tio n ed  here , w h ich  w as effected w ith  
3 ,4 -d ich lo ropheny l iso c y a n a te  an d  IV-4-tolyl-IV’-d im eth y lfo rm am id in iu m  chlo
rid e  a t  reflux  te m p e ra tu re  in  te tra c h lo ro e th a n e . T he exchange  o f  th e  groups in  
questio n  c e rta in ly  to o k  p lace. T his reac tio n  will be d iscussed  in  d e ta il in a fol
low ing  p ap er; h ere  a n y  suggestion  a b o u t even th e  m ech an ism  is o m itted . H ow 
ever, th e  re su lt o f  th e  ex p e rim en t su p p o rts  th e  co n cep t t h a t  th e  reactions o f  
u re a s  w ith  am ide  ch lo rides ta k e  p lace n o t b y  0 - , b u t  b y  IV -acylation  m echanism .

F in a lly , a s tra n g e  b u t  u n am b ig u o u s reac tio n  is to  be rep o rted , w hich 
ta k e s  place be tw een  u reas  belonging to  g roup  (c )  a n d  ch lo rom ethy lened i- 
m e th y l-am m o n iu m  chlo ride . T h e  reac tio n  w as ca rried  o u t  as described  above, 
a n d  in  each case a w h ite  c ry sta llin e  su b stan ce  se p a ra te d  in  a sh o r t tim e w hich, 
on  th e  basis o f  th e  Cl-  c o n te n t an d  com parison  w ith  sam ples p rep ared  in  a n 
o th e r  w ay, p ro v ed  to  be  IV-2-pyridylium -IV ,, IV’-d im eth y lfo rm am id in iu m  di-
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c h lo r id e  (8 ) .  Thus th e  re a c tio n  y ie ld ed  a p ro d u c t in d e p e n d e n t o f  th e  n a tu re  o f 
R 2, b e in g  a  good exam ple fo r  th e  case  how th e  N -2 a to m  in  th e  p y rid in e  ring  
can  d ire c t  th e  a tta c k  o f  th e  e lec tro p h ilic  reagen t.

+  c i—e 'H = x  (CH 3 ) 2

Cl°

7 a K 2  =  Cr.Hs 

b K 2  =  4-C1— C6 H4

C JR-2 =  C4 H 9

NH— CH=N(CH 3)2 Cle +  E 2 NCO

8

T h e  s ite  of th e  p rim a ry  re a c tio n  is th e  m ost basic  N  a to m , th e  n itro g en  
in  th e  p y rid in e  ring; th e  r e s u ltin g  v e ry  reactive  im m o n iu m  sa lt effects th e n  
th e  in tra m o le c u la r  acy la tio n  o f  th e  ne ighbouring  acy l n itro g en . T he p resence 
o f  th e  p ro to n a te d  p y rid ine  r in g  g ives rise to  sp o n tan eo u s sp lit t in g  o f th e  a d ja 
c en t N — CO bond even a t  room  te m p e ra tu re , th u s 8 is fo rm ed . Such  a d irec tin g  
a c tio n  o f  th e  pyrid ine  rin g  h a s  b een  described in  th e  ch lo ro su lfo n a tio n  of 
iY-phenyI-TV’-2-pyridy lureas [3].

E x p e r im e n t a l

1. U reas were prepared according to  th e  following general procedure;

T he am ine (0.1 mole) in anhydrous benzene (50 m l) was m ixed  w ith  the isocyanate  
(0 .1  m ole) in  benzene (50 ml) added dropw ise. The reaction m ixture was allowed to stand for 
1  day , th e  crystalline substance which separated  was filtered off, w ashed w ith  benzene and dried

1 . 1 iV -phenyl-iV’-methylurea m.p. 1 5 0 -1 5 1  °C; lit. m .p. 150 °C
1 . 2 iV -phenyl-iV ’-butylurea 1 2 9 -1 3 0  °C „  130 °C
1.3 iY-3,4-diehlorophenyl-IV’-4’-tolylurea

iV -phenyl-iV ’-nitrophenylurea
2 5 8 - 2 6 0  °C

1.4 2 0 5 -2 0 8  °C „  209 °C
1.5 iV-phenyl-IV’-cyclohexylurea 1 6 2 -1 6 5  °C
1 . 6 iV -phenyl-iV ’-4-chlorophenylurea 2 4 0 - 2 4 3  °C
1.7 iV -phenyl-iV ’-3,4-dichlorophenylurea

iV -cyclohexyl-iV ’-4-nitrophenyÍurea
2 1 5 -2 1 7  °C

1 . 8 1 6 3 -1 6 8  °C
1.9 iV -phenyl-iV ’-4-tolyhirea 216 °C
1 . 1 0 7V-phenyl-iy’-4-anisylurea 1 9 3 -1 9 4  °C
1 . 1 1 iV -phenyl-iV’-o-tolylurea 1 9 9 -2 0 0  °C
1 . 1 2 iV -phenyl-iV ,-2 ’-pyridylurea

IV-4-chlorophenyl-iV’-2’-pyridylurea
1 8 0 -1 8 1  °C

1.13 2 0 3 - 2 0 4  °C
1.14 iV -butyl-iV ’^ ’-pyridylurea 8 2 - 8 4  °C
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2. T h e  re a c tio n  o f  u r e a s  a n d  c h lo ro m e th y le n e d im e th y la n iin o n iu m  c h lo r id e  was effected  
in  all cases w ith  the sam e q u antities under identical conditions: the latter reagent was prepared 
from  DM F and phosgene “ in  s itu ” , as follows.

A solution of dim ethylform am ide (1.53 g; 0.021 m ole) in chloroform was added dropwise 
to a 0.5 inole/litre solution o f phosgene in chloroform (40 m l), under cooling in  ice; the urea 
(0.02 m ole) was then added and the m ixture was stirred at 25 °C for 1 h. The so lvent was 
evaporated in vacuum , the residue washed w ith anhydrous ether and dried over NaOH in 
a vacuum  desiccator.

Characteristic data o f the carbam oylainidinium  chlorides (3) are the follow ing:

3 a  Calcd. Cl-  14.69. Found C1“ 14.85% .

IR  (CHC13): l-CO 1725 c m " 1; rC =  N 1680 c m - 1.
3b  Calcd. C l- 12.52. Found Cl~ 12.90% . +

IR  (CHC13) 1725 (vCO); 1680 cm - 1 (i>C=-N).
3c Calcd. C l- 9.18. Found Cl" 9.72% . +

IR  (CHCI3 ): 1725 (vCO); 1680 cm " 1 (rC =  N).
3d  Calcd. C l- 10.18. Found C l-  10.60% +

IR  (CHC13): 1725 (rCO); 1675 cm “ 1 (i-CO = N ).
3e Calcd. C l- 11.47. Found C l-  12.10%. +

IR  (CHC13): 1720 (i-CO); 1675 cm - 1 (vC =  N).
3 f  Calcd. C l- 10.50. Found C l-  10.85% . +

IR  (CHC13): 1730 (vCO); 1680 cm “ 1 (vC =  N).

3. T h e rm a l d e c o m p o s itio n  o f  c a rb a m o y la m id in iu in  ch lo rid es

Compound 3 (0.01 m ole) was refluxed in anhydrous tetrachloroethane (20 ml) until 
th e  i'-N =  C = 0  band of isocyanat appearing at 2260 c m - 1 in the IR  spectrum  rem ained un
changed in the sam ples taken . The reaction m ixture w as then cooled, the so lven t evaporated  
in  vacuum  and the residue crystallized from acetone. The yields calculated for the mixtures 
and obtained for the hom ogeneous substances exceeded 90% . TLC of the acetone m other liquor 
ind icated  the presence of som e diarylurea contam inants and the spot o f the am iditie salt was 
observed near the start line.

D ata of the iV-aryl-iV’.JV’-dim ethylform am idinium  chlorides obtained in th is way are 
shown in Table I.

The IR  spectra were com pared with authentic spectra; the sam ples were prepared from 
the am ide chloride solution  described in Section 2 and from the appropriate arom atic amine. 

In the IR  spectra the am idinium  C = N  band appears at 1690 1710 c m - 1  in all cases.

4. H y d ro ly sis  o f  c a rb a in o y la m id in iu in  c h lo r id e s

Compound 3 (0.01 m ole) was stirred w ith w ater (30 m l) at room tem perature for 1 h. 
A white, fluffy precipitate separated, this was filtered  off, washed w ith  w ater and dried.

7V -forinyl-]V -pliciiyl-/V ’-4 -c lilo ro p lie n y lu re a  (6 f) from 3 f  M.p. 108 110 °C (abou t 10% 6’f
isom er). M.p. o f the au th en tic  sam ple; 120 °C.

C1 4 H u C1N2 0 ,  (274.5). Calcd. C 61.20; II 4.00; N  10.20. Found C 61.25; H 4.05; N 10.22%. 
IR  (KBr):* 3180 (i'NH); 1730, 1690, cm - 1 (i'CO).
PMR (CDC13): <5 7 .1 2 - 7 .5 4  m (9H ,ArH ); 8.75 s (1H;CH).

Y - f o im y l - V l to ly l  Л '-p h e n y l lire a  (6 i) from 3i

M.p. 102 —103 °C (about 20%  6 ’i isomer). M.p. o f the authentic sample: 109 — 110 °C.
C1 6 H hN2 0 2  (254.02). Calcd. C 70.86: H 5.51; N  11.02. Found C 70.21; H 5.69; N 11.12%. 
IR  (KBr): 3320 (i>NH); 1690, 1710 cm “ 1 (i>CO).
PMR (CDCI3 ): Ő 7 .0 4 - 7 .5 2  in (9H;ArH); 8 . 8  s (1H ,CH ): 2.30 s (20% ), 2.40 s (80%)

(CH3).

iV -form yl-./V -4-anisyl-iV ’- p h e iiy lu re a  (6 j) from 3j

M.p. 90 °C (about 19% 6 ’j  isom er). M.p. of the au th en tic  sample 101 — 102 °C.
C1 5 H 1 4 N2 0 3  (270). Calcd. C 6 6 .6 6 ; H 5.18; N 10.37. Found C 66.25; H 5.23; N 10.51%. 
IR  (KBr): 3260 (i’N H ); 1695, 1710 cm - 1 (>>CO).
PMR (CDCI3 ): Ö 6 .9  7.46 m (911,ArH); 8 . 8 6  s (1H ,CH ); 3.78 s (19% ), 3.83 s (81%)

(C H 3O.).
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Л - f o rm y l-  Л -pilenvl-.V '-2-t<ilylurea ( 6 k )  from  3k

M .p. 74  — 75 °C; m.p. of the a u th en tic  sample 76—78 °C.
C1 5 H 1 4 N 2 0 2  (254). Calcd. C 70 .86; H  5.51; N  11.02. F ou n d  C 70.65; H  5.65; N  10.77% . 
IR  (ICBr): 3220 (i-NH); 1730 , 1690 cm “ 1 (rCO).
P M R  (CDC13): 6 7 .0 - 7 .5 7  m  (9H ,A rH ); 8 . 6  s (1H ,C H ); 2.25 s (3H ,C H 3).

P r e p a r a t i o n  o f  th e  a u th e n tic  IV -fo rm y lu re a  sam ples

Form anilide (0.01 m ole) and  th e  aryl isocyanate (0.01 m ole) were refluxed in  anhydrous 
to lu en e  (20 m l) for 3 h. The so lv e n t  w as evaporated in  vacu u m  and the residue crystallized  
from  a lcoh ol.

B o th  possible IV-formylureas were prepared b y  th is  m ethod.

5 . D eco m p o s itio n  o f  c a r b a m o y l  a m id in iu m  c h lo r id e s  w ith  tr ie th y la m in e

Com pound 3 (0.01 m ole) in  anhydrous chloroform (20 m l) and tr iethylam ine (0.015  
m ole) w ere allowed to stand at room  tem perature for 0.5 h. Aniline (0.01 m ole) was th en  added  
and, a fter  standing for 2  h, the so lv e n t  w as evaporated in  vacu u m  and the residue crystallized  
from  a lcoh ol. The urea formed w as identified  on the basis o f  the m.p. and IR  spectrum  
(T able IY ).

R E F E R E N C E S

[1] Cs ű r ö s , Z., Soós, R., B it t e r , I .,  K á r pá ti-Ádám , É .:  A cta  Chim. Acad. Sei. H un g., 73,
239 (1972)

[2] M ttkaiyam a , T., Oza k i, S., H o s h in o , T.: Bull. Chem. Soc. Japan , 27, 578 (1954)
[3] B a d a n i , N . V., Cram lyn , R . J . W ., Sw in b o u r n e , F. J .: A ustr. J. Chem., 30, 1793 (1977)

I s tv á n  B it t e r  
É v a  K á r p á t i-Á dám  
L ász ló  T ő k e

H -1521  B u d ap est, M űegyetem

Acta Chim. Acad. Sei. Hung. 102, 1979



Acta Chimica Academiae Scientiarum Hungaricae, Tomus 102 (3), pp. 247—257 (1979)

P R E P A R A T I O N  A N D  I N V E S T I G A T I O N  O F  T H E  

P H O S P H O R O U S O R G A N I G  D E R I V A T I V E S  O F  

T R A N S I T I O N  M E T A L  C Y A N O  C O M P L E X E S ,  V I I I

'H -N M R  INVESTIG ATIO N OF T H E  IO N  ASSOCIATION  
OF H E X A C Y A N O F E R R A T E (III) A N IO N  W ITH  Q U A T E R N A R Y  

PH O SPH O N IU M  CATIONS

S . P A PP  and  P .  K V IN TO V IC S

(D epartm ent o f  General and Inorganic Chem istry, U n iversity  o f Chemical In du stry , Veszprém )

Received M ay 18, 1978 
A ccepted for publication D ecem ber 13, 1978

The derivatives o f hexacyanoferrate(III) anion formed w ith quaternary phos- 
phonium  cations have been prepared, and their 1 H -NM R spectra have been recorded 
in  CDC13  and D„-DMSO. On the basis o f the spectra the nature and m echanism  of the 
interactions betw een the anion and cation  in  solution  have been discussed.

In tro d u c tio n

In  c o n tra s t w ith  prev ious assu m p tio n s , p a ram ag n e tic  co m p o u n d s, w ith  
som e excep tions, give rise  to  accep tab le  N M R  sp ec tra  [1, 2, 3]. T hese  sp ec tra  
a n d  th e  m easu red  chem ical sh ifts p e rm it conclusions to  be d raw n  on  th e  s tru c 
tu re  o f  com plexes an d  th e  d is tr ib u tio n  o f  u n p a ire d  electrons.

F o r th e  in te rp re ta t io n  o f th e  n u c leu s-e lec tro n  in te rac tio n s  in  tra n s itio n  
m e ta l com plexes co n ta in in g  u n p a ired  e lec tro n s , severa l m echan ism s h av e  been 
p roposed . T h ey  can  be  d iv ided  in to  tw o  m a in  groups, w hich b o th  m a y  cause 
sig n a l sh ifts .

T h e  c o n ta c t (F e rm i)  in te rac tio n  is an  in te ra c tio n  betw een  th e  nucleus 
a n d  th e  e lec tro n  d e n s ity  o f  th e  u n p a ire d  e lec trons (spin d en sity ) a t  th e  s ite  
o f  th e  nucleus [4]. T he sp in  d en sity  a t  th e  re so n a tin g  nucleus, o r  m ore  genera lly  
on  th e  lig an d , m a y  change in  m an y  w ay s [5]. D epend ing  on th e  sy m m e try  o f  
th e  o rb ita l invo lv ed  in  e lectron  delo ca liza tio n , th e  basic  ty p es o f  a- a n d  я -de
loca liza tio n  m echan ism s can  be d is tin g u ish ed  [6, 7].

T he sh if t due  to  th e  p seu d o -co n tac t o r d ipole in te ra c tio n  arises from  a 
d irec t m ag n etic  d ipo le-d ipole  in te ra c tio n  be tw een  th e  spins o f  th e  u n p a ired  
e lec trons an d  th e  re so n a tin g  nuclei [5, 3]. T h e  ac tu a l form  o f  th e  re la tio n sh ip  
w h ich  describes th e  p seu d o -co n tac t sh if t is d e te rm in ed  by  th e  m ag n itu d es  o f  
th e  co rre la tio n  tim e  o f  th e  m olecular ro ta t io n  (tc), th e  elec tron  sp in  —  la ttic e  
re la x a tio n  tim e  (T le) a n d  th e  L a n d e g  f a c to r  [7, 8]. W hen  T 1( xc, th e  eq u a tio n
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can  b e  g iv e n  [7, 9] as

A  V( 
v

ß * S (S  +  1) 

45 k T
(3&ц +  4g±) (gn — gx)

3 cos2 Gj —  1

w here  ß  is th e  B ohr m agneton ,

(1)

■S is  th e  re su lta n t sp in , 
к  is  th e  B oltzm ann  c o n s ta n t,
T  is  ab so lu te  te m p e ra tu re ,
g|l a n d  g ± are th e  co m p o n en ts  o f  t h e g  te n so r  p a ra lle l w ith  o r p e rp e n d ic 

u la r  to  th e  m ain ax is o f  th e  m olecule,
R { is th e  d istance b e tw een  th e  p a ra m a g n e tic  cen tra l nucleus an d  th e  

i t h  p ro to n , and
О i is  th e  angle betw een th e  m a in  axis o f th e  m olecule an d  th e  v e c to r  R t. 

A  s im p lif ied  form  of th e  e q u a tio n  is

—  = F ( g u, g l ) [ G . F . ]  (2)
v

w here th e  “ geom etric  fac to r” , G. F ., is

[G. F .]  =  (3 co s2 0 ,  -  1) « Г 3 (3)

T h e  sh if ts  due to  th e  ab o v e  tw o  m echan ism s can  be sep a ra ted  b y  v a rio u s  
m e th o d s  [7, 3 ], b u t  th e ir  ap p lic a tio n  gives s a tis fa c to ry  resu lts  in  re la tiv e ly  
few cases.

A lth o u g h  i t  has been k n o w n  fo r a  tim e  th a t  sh ifts  can  be observed  in  th e  
N M R  s p e c tr a  o f  d iam agnetic  c a tio n s  i f  th e ir  so lu tio n  con ta in s p a ra m a g n e tic  
an ion  [10, 11, 12], th is  m ethod  w as u tilized  o n ly  re c e n tly  for th e  in v e s tig a tio n  
of io n  a sso c ia tio n s . These in v e s tig a tio n s  h ad  to  ex p la in  w hy only  one s igna l 
(or s ig n a l g ro u p ) can be assigned to  th e  e q u iv a len t p ro to n  groups, i.e. th e  p ro 
to n s in  d ia -  a n d  p aram ag n etic  en v iro n m en ts  do n o t  sep a ra te  [13, 14], a n d  i t  
was also  n e c e ssa ry  to  answ er th e  p ro b lem  w h e th e r th e  ion p a irs  are su b je c te d  
to  b o th  ty p e s  o f  in te rac tio n , o r to  th e  p se u d o -co n tac t in te ra c tio n  on ly  [13, 5]. 
T he r e s u lts  h a v e  show n th a t  a w e a k  co v a len t in te ra c tio n  also occurs b e tw een  
th e  c a tio n  a n d  anion of th e  io n  p a ir. T he tw o  co m p o n en ts  o f th e  sh if t a re , 
h o w ev er, v e ry  com plicated  to  d e te rm in e  for th e  case o f  ion  p a irs  [15, 16, 17].

T h e  m easu red  shifts can b e  u sed  to  draw  conclusions on th e  g eo m etry  o f  
th e  io n  a s so c ia te  [14, 18, 19, 20, 15, 21], an d  to  d e te rm in e  association  c o n s ta n ts
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[18, 22, 23, 24]. I t  is to  be n o te d  t h a t  th e  calculation  o f th e  l a t t e r  is very  
com p lica ted , an d  in  m an y  cases, w h en  th e  association  o f ions w i th  u nequa l 
charges are  in v es tig a ted , th e  re su lts  a re  u n sa tis fa c to ry  [18, 23, 24 ].

R esu lts

T h e  p re p a ra tio n  and  analy sis  o f  th e  com plexes were d e sc r ib e d  in  one of 
o u r  p rev ious p ap ers  [25]. T he p re se n t p a p e r  deals w ith  th e  1H — N M R  in v estig a 
tio n  o f  th e  follow ing com pounds:

[(C4H 9)3P C H 3]3[Fe(C N )e] ^  MJ[Fe(CN)e]

[C4H 9)4P ]3[Fe(CN)e] -  M |[Fe(C N )e]

[(C4H 9)3PC H 2C H C H 2]3[Fe(C N )e] -  M i[Fe(CN)e]

[(C4H 9)3PC H 2CeH 5]3[Fe(C N )e] =  M*[Fe(CN)e]

[(CeH 5)3PC H 2CeH 5]3[Fe(C N )e] -  M |[Fe(C N )e]

[(CeH 5)4P ]3[Fe(CN )e] =  M3[Fe(CN)„]

T he sp e c tra  o f th e  com plexes w ere  m easured  a t 32 °C in  tw o  solvents 
(CDC13 and  D e-DM SO), a t  v a rio u s c o n c e n tra tio n s , on a V arian -T  60 in s tru m e n t. 
T h e  co n cen tra tio n  range w as d e te rm in e d  b y  th e  evaluab ility  o f  th e  sp ec tru m , 
i.e. b y  th e  so lu b ility  o f th e  com plex . T h e  above solvents h a v e  su b s ta n tia lly  
d iffe ren t don ic ities, enabling  th e  a sso c ia tio n  conditions in  th e  so lu tio n  to  be 
in v e s tig a te d  over a w ide range.

T he chem ical sh ifts o f th e  re so n an ce  signals were re la te d  to  th e  spec trum  
o f th e  sam e ca tio n  in  th e  sam e so lv e n t in  d iam agnetic  e n v iro n m e n t. (In  the 
p resence o f  d iam ag n etic  an io n , i.e. h a lid e s  or [Co(CN)e]3 - , th e  resonance 
frequencies o f  th e  ca tio n  p ro to n s  w ere  fo u n d  to  be co n cen tra tio n  in d e p e n d e n t.)  
T h e  signals o f  th e  v a rious p ro to n  g ro u p s w ere  assigned on th e  b as is  o f  in tensities 
a n d  li te ra tu re  d a ta . T he m u ltip le t lin e  system s were reso lved  b y  spectrum  
an a lysis  u sin g  coupling  co n stan ts .

I t  is know n  th a t  u n p a ire d  e lec tro n s  cause line b ro a d e n in g . W ith  the 
com plexes s tu d ie d , th e  e x te n t o f  b ro a d e n in g  was re la tive ly  sm a ll, in  accord 
w ith  th e  ex p e rim en ta l resu lts  o f  o th e r  a u th o rs  [26, 27] o b ta in e d  o n  th e  com 
plexes co n ta in in g  iro n (I I I )  c e n tra l a to m s  o f  low spin nu m b er. S in ce  fo r all line 
g roups th e  sh if t w as ca lcu la ted  fro m  th e  m o st p rom inen t, c h a ra c te r is t ic  line, 
th e  d ev ia tio n  o f sh ift d ifferences w as ^ 4  H z.

F o r th e  v a rio u s so lven ts a n d  p ro to n  typ es th e  sh if t d iffe ren ces (zl^) 
m easu red  in  th e  so lu tions o f  th e  com plexes w ith  d iffe ren t c o n cen tra tio n s  
(R ao u lt)  a re  g iven  in  T ab le  I .
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Table I

Concentration dependence o f  shift differences (Ari) in  [R 3 P R ’] 3 [Fe(CN)e] complexes

Cation Solvent Concentration 
CR • 10*

Avf (Hz)

c d c i 3

Cx c 2- c 3 c 4 c „

M, 0 .6 5 44 14 12 42
6 .5 70 28 27 62

1 1 1 1 1 1 3 .0 84 42 39 74
( C4 C3 —С,— C1)3P + — C0

I l i i  1
D 6-DM S0 0 .8 2

8 .5
10
26

4
16

2
16

10
20

16 .5 42 30 30 32

Ci c 2- c 3 C4

CDCI3

At 0 .6 5 4 4 16 12
6 .4 55 24 20

1 1 1 1 12 .7 72 41 38
( _ C 4_ C 3- C 2- C l - ) 4P +

1 1 1 1
D 6-DMSO 0 .8 2

8. 1
10
22

10
20

7
17

16 .2 36 30 29

C, c 2- c 3 c 4 c „ H A

Mo CDCI3

0 .65 42 14 9 86 12
H A H b 6 .5 62 28 24 102 24

1 1 / 13 .0 78 42 38 118 38
B a 3P + — C0 —C = C

I \
H C D6-DMSO 0 .8 2

8. 2
9

20
8

16
6

15
16
26

6
15

1 6 .4 32 23 23 40 23
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M4

M5

г 1>

p

CDC13

3 D6-DMSO

De-DMSO

De-DMSO

T a b le  I  ( c o n t in u e d )

C» C2 —C3 c 4 C„ c ,

0.65 50 12 12 74 10
6.5 64 20 20 88 18

13.0 84 38 38 106 35

0.81 8 4 4 15 6
8.2 16 10 10 22 12

16.4 26 20 20 34 20

phenyl phenyl benzyl benzyl c „
p-m 0 m-p 0

0.4 4 4 1 4 14
0.8 7 7 2 10 16
4.0 12 12 6 14 20

p-m 0

0.79 2 4
7.8 14 i6

15.7 24 26
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D iscussion

In  in te rp re tin g  th e  chem ical sh ifts, i t  a p p e a re d  w o rth  s tu d y in g  th e  
ch an g es in  th e  sh ifts o f  c e r ta in  ch a rac te ris tic  p ro to n  g ro u p s  up o n  th e  effect o f  d if
fe re n t ca tions. T hus, th e  conclusions were d raw n  from  th e  resonance frequencies 
o f  th e  p ro to n s  fo r w h ich  th e  sh if t is large, o r th e  co rrespond ing  line can  be 
re a d ily  id en tified  in  th e  sp ec tru m . F o r th is  p u rp o se , th e  m ost a p p ro p ria te  
p ro to n s  w ere th o se  a t ta c h e d  to  th e  Cx or C4 a to m s o f  b u ty l  chains, and  to  th e  
fo u r th  su b s ti tu te n t  C0 o f  th e  phosphorous a to m . T h e  chem ical sh ift differences 
o f  th e se  p ro to n s, m easu red  in  th e  tw o so lven ts a t  v a rio u s  co n cen tra tio n s, a re  
sh o w n  in  Figs 1, 2 a n d  3.

A s th e  d iagram s in d ic a te , th e  shifts s tro n g ly  v a r y  w ith  th e  c o n cen tra tio n  
o f  th e  com plexes, a n d  th e y  a re  positive in  all cases. T h is is in  ag reem ent w ith  
th e  re su lts  of o th e r a u th o rs  on  th e  sam e anion [18, 2 8 ,4 ] . T h e  occurrence o f sh if t 
in  i ts e lf  a lread y  p roves th e  ex istence  of ion p a irs , a n d  to  a f irs t ap p ro x im a tio n  
i t  c an  b e  assum ed th a t  th e  sh if t is due com plete ly  to  p seu d o -co n tac t in te ra c tio n .

A ccord ing  to  e q u a tio n  (1), th e  p ositive  sh if t im plies th a t  g ± for
th e  [Fe(C N )e]3~ an io n . T h e  an iso tro p y  of th e  g  fa c to r , w hich  is u n ex p ec ted  on 
th e  basis  of th e  sy m m e try  o f  th e  anion, can  be  in te rp re te d  only b y  th e  a rg u 
m e n ts  g iven b y  W a l k e r  [29].

F ig. 1. Chemical shifts for th e  C0  protons
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0.01 0.05 01 015
C„

Fig. 2. Chemical sh ifts for the CL protons

Fig. 3. Chemical sh ifts for the C4 protons
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F u r th e rm o re , i t  can  be seen t h a t  th e  sh ifts a re  th e  la rg est fo r th e  C0 a n d  
C4 p ro to n s  ( i .e .  for th e  p ro to n s  closest to  p h o sp h o ro u s , w hich  h av e  th e  m o st 
acidic c h a ra c te r ) .  T he sh ifts o f  p ro to n s  C2— C3 are  a b o u t th e  h a lf  o f th e  ab o v e , 
an d  t h a t  o f  C4 is ap p ro x im a te ly  th e  sam e.

I t  a lso  su rp ris in g  th a t  th e  sh if ts  o f all p ro to n  g ro u p s are h igher in  CDC13 
th a n  in  D 6-D M SO . This is m o st p ro b a b ly  due to  th e  d iffe re n t so lv a ta tio n  ab ilities  
o f th e  tw o  so lv en ts . In  CD€13 o f low  d ielectric  c o n s ta n t  (and  low  d o n ic ity ) th e  
fo rm a tio n  o f  io n  pairs is m u ch  easier th a n  in  D 6-D M SO  of re la tiv e ly  h ig h  
d ie lec tric  c o n s ta n t  (and  d o n ic ity ).

I t  is  k n o w n  th a t  if  on ly  a p seu d o -co n tac t in te ra c tio n  occurs in  an  ion  
p a ir, th e  seq u en ce  of sh ifts e.g. o n  th e  p ro to n s o f  th e  b u ty l  chain  o f q u a te rn a ry  
a m m o n iu m  c a tio n  is Av(Cx) > A v{C2) >  zlv(C3) > Z lr (C 4) [13]. As in  o u r case 
th e  s e q u e n c e  o f  sh ifts is d iffe ren t, a n o th e r ty p e  o f  in te ra c tio n  can be assu m ed .

T h e  chem ica l sh ift ra tio s  fo r  th e  four ca tio n s  (con ta in ing  b u ty l g roups) 
s tu d ie d  h e re  w ere ca lcu la ted  a n d  no rm alized  to  th e  sh if t o f th e  C4 p ro to n s  
(T able  I I ) .  T hese  ra tio s  also g ive th e  e x p e rim e n ta l ra tio s  o f th e  geom etric  
fa c to rs  [G .F .]  for th e  ion  p a irs .

C o m p ariso n  of th e  above d a ta  o f te tra b u ty lp h o sp h o n iu m  cation  w ith  th e  
l i te r a tu r e  d a ta  o b ta in ed  fo r te tra b u ty la m m o n iu m  c a tio n  [13], ta k in g  in to  ac 
c o u n t t h a t  th e  C— P  bo n d  le n g th  is g rea te r th a n  th e  C— N  bond  len g th , ind i-

ТаЫе П

The experim ental [G.F.] ratios

Cation

i
sII<jT ,, M C . )  

* M g i )

r  4v(C0) 
* Av(C.)

CDCl, D.-DMSO CDCl, D.-DMSO CDCl, D„-DMSO

0.32 0.40 0.27 0.29 0.96 1.00

M l 0.40 0.62 0.39 0.62 0.89 0.77

0.50 0.71 0.46 0.71 0.86 0.75

0.36 0.80 0.27 0.70

M 2 0.44 0.83 0.36 0.77 — —

0.57 0.89 0.53 0.81

0.33 0.78 0.21 0.67 2.05 1.78

M 3 0.45 0.80 0.39 0.70 1.65 1.30

0.54 0.83 0.49 0.73 1.51 1.25

0.24 0.50 0.24 0.50 1.48 1.88

M* 0.31 0.63 0.31 0.63 1.37 1.39

0.45 0.77 0.45 0.77 1.26 1.31
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ca ted  su b s ta n tia l differences betw een  th e  d a ta  o b ta in e d  in  tw o w ays, a n d  no 
reasonab le  io n -p a ir d is tan ce  could be found  t h a t  w ould  sa tisfy  th e  e x p e rim e n ta l 
re su lts . T his im plies t h a t  th e  m easu red  sh ifts  c a n n o t he in te rp re te d  on th e  basis 
o f  p seu d o co n tac t in te ra c tio n  alone.

C onsequen tly , i t  can  be s ta te d  th a t  th e  o b se rv ed  chem ical sh ifts a re  cau sed  
b y  th e  n e t re su lt o f  tw o  ty p es  o f in te ra c tio n .

On th e  basis  o f  F ig s  1, 2 an d  3, ce rta in  conclusions can  also be d ra w n  on 
th e  geo m etry  o f  th e  ion  pa irs . T he sequence o f sh ifts  fo r th e  C0 p ro to n s  is th e  
sam e (M3 >  M4 >  M1) in  th e  tw o so lven ts, a n d  i t  does n o t change w h en  th e  
d ifferences are  ta k e n  b e tw een  th e  sh ifts m easu red  in  th e  tw o so lven ts. T h ere

Fig. 4. Two possible “ rigid” ion-pair models

m ay  he tw o ty p e s  o f  th e  re la tiv e  o rien ta tio n s  o f  th e  fo rm ally  o c tah ed ra l an ion  
an d  th e  ca tio n  o f  C3v sy m m etry , n o t ta k in g  in to  acco u n t th a t  th e  ca tio n  m a y  
be  a tta c h e d  to  a p e a k , edge or face (F ig . 4).

I f  geo m etry  “ A ”  is co rrec t th e n , ow ing to  th e  p seu d o -co n tac t in te ra c tio n , 
th e  sh ifts  o f th e  o th e r  p ro to n s o f th e  g roup  s ta r t in g  w ith  CQ should  be  even  
g rea te r  th a n  th a t  o f th e  C0 p ro to n s them selves. S ince th is  is n o t th e  s itu a tio n  
even fo r th e  ally l or ben zy l group , i t  is p ro b ab le  th a t  th e  ion  p a ir g eo m e try  
“ B ”  is closer to  th e  re a lity . T he p ic tu re  is n o t m od ified  app rec iab ly  i f  c e r ta in  
c o n ta c t effect causing  oppo site  sh ift is ta k e n  in to  acco u n t, since e.g. in  th e  case 
o f  a  de localization  th e  sp in  d en sity  decreases v e ry  rap id ly  from  th e  c e n tra l 
a to m  along  th e  a lk y l chain  [16]. T herefore, i t  can  be assum ed  th a t  th e re  is no 
sp in  d en sity  on C4, an d  th u s  th e  sh ift o f th e  p ro to n s  a tta c h e d  is caused b y  th e  
p seu d o -co n tac t in te ra c tio n  alone.

T he e x te n t o f sh if t is su b s ta n tia lly  in flu en ced  b y  changes in th e  s tru c tu re s  
o f  ion p a irs  or agg rega tes fo rm ed  in  so lu tion  [23, 24]. In  d ilu te  so lu tions th e  
fo rm atio n  o f m a in ly  1 : 1 ion pairs and  la rg e r ag g reg a tes  can also be assum ed . 
I t  is also ev id en t th a t  in  aggregates th e  e x te n t an d  q u a lity  o f in te ra c tio n  is 
n o t  th e  sam e as in  ion  pa irs . In v es tig a tio n s  [23] h a v e  show n th a t  w hen  th e  
m ag n itu d es o f  chem ical sh ifts  o f th e  in d iv id u a l p ro to n  g roups v a ry  w ith  co n 
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c e n tra t io n  b u t  th e ir  ra tio s  rem a in  th e  sam e , th is  proves th a t  th e  ion  p a ir  ge
o m e try  is essen tia lly  c o n cen tra tio n  in v a r ia n t .

I n  c o n tra s t ,  i t  can  be seen from  th e  d a ta  o f T able I I  th a t  in  o u r case th e  
ra tio s  o f  sh if t change w ith  c o n c e n tra tio n , w h ich  also im plies th a t  th e  e x te n t 
a n d  n a tu r e  o f  in te rac tio n s  has ch an g ed . T h is  exp la in s w hy no  m e th o d  cou ld  be 
fo u n d  fo r  th e  sep a ra tio n  o f  th e  sh ifts  due  to  th e  tw o  ty p es o f  in te ra c tio n , and  
w h y  a t te m p ts  to  ca lcu la te  a sso c ia tio n  c o n s ta n t  h av e  also failed .

T h e  m echan ism  o f th e  e lec tron  d e lo ca liza tio n  causing  th e  c o n ta c t in te r 
a c tio n  is v e ry  d ifficu lt to  fin d . In  th is  re sp e c t th e re  are th e o re tic a lly  tw o  pos
s ib ilitie s  fo r  th e  system s in v e s tig a te d . I t  c a n n o t be ru led  o u t th a t  th e  u n p a ire d  
e le c tro n  o n  th e  d o rb ita l on th e  c e n tra l a to m  increases w ith  th e  e m p ty  4s or 
w ith  a n  a p p ro p ria te ly  o rien ted  3d o rb ita l o f  phosphorous. T his ch an g e  can  be 
d e te c te d  b y  M össbauer spectro scop ic  m easu rem en ts  on frozen so lu tio n s. (Such 
in v e s tig a tio n s  are  in  progress w ith  sam p les  en riched  in  57Fe.) T h e  m echan ism  
o f d e lo ca liza tio n  can be d e tec ted  in  a d iffe re n t w ay  if  i t  a ffects th e  b o n d in g  
p ro p e r tie s  o f  th e  CN lig an d , an d  th u s  o b se rv ab le  changes ta k e  p lace  in  th e  
Pcn v ib ra t io n a l  frequencies. I f  th e  n o n -b o n d in g  d o rb ita ls  o f iro n ( I I I )  ta k e  p a r t  
in  th e  in te ra c tio n , an y  change in  th e  m e ta l-c y a n id e  b ack -co o rd in a tio n  invo lves 
a  c h a n g e  in  th e  i’cN frequency . If , on th e  o th e r  h an d , an  in te rm e d ia te  in te r 
a c tio n  ta k e s  p lace betw een  th e  C N “  lig a n d  an d  th e  ca tion , th e  C N -  g ro u p  will 
o c c u p y  a  b rid g e  position , w h ich  also affec ts  th e  Vcn v ib ra tio n a l f req u en cy  (to  
a n  e v e n  h ig h e r ex ten t).

I n  th e  in fra red  sp ec tra  o f  th e  CDC13 a n d  D 6-DMSO so lu tions w ith  v a rio u s  
c o n c e n tra tio n s  th e  b an d s o f te rm in a l CN g roups ap p ear a t  2110 c m -1 . O th e r 
t>CN b a n d s  also ap p ea r in  th e  sp e c tra  a t  w av en u m b ers  h igher b y  50— 100 cm “ 1, 
in d ic a tin g  th e  presence of b rid g in g  C N “  io n s. C onsequen tly , th e  d e lo ca liza tio n  
p ro ceed s  v e ry  p ro b ab ly  th ro u g h  an  in te ra c tio n  betw een  th e  c y an id e  ligands 
a n d  th e  c a tio n  p ro to n s in  th e  sy stem s in v e s tig a te d . I t  is know n  from  li te ra tu re  
d a ta  [15] t h a t  an  in te ra c tio n  o f  th is  ty p e  m a y  p roduce  a sp in  d e n s ity  su ffic ien t 
to  ca u se  th e  c o n ta c t in te ra c tio n s  o b se rv ed  here .
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In the ion associations of [Fe(CN)5P(C„Hs)3] 2—anion w ith  quaternary phospho- 
nium  cations, the ex ten t and nature o f the interactions betw een the anion and cation, 
and betw een the protons o f the P(C6H5)3 ligand and the central atom  have been studied .

As k n o w n , th e  e x te n t o f p seu d o -co n tac t in te ra c tio n  in p a ra m a g n e tic  ion 
pairs is v e ry  m uch  in fluenced  b y  th e  sy m m e try  o f  th e  an ion . To d e te rm in e  how  
th e  e x te n t o f  in te ra c tio n  changes w ith  re sp e c t to  th e  o c tah ed ra l h ex acy an o - 
fe r ra te ( I I I )  an io n  in  th e  su b s titu te d  d e riv a tiv e s  o f th is  an ion , v a rio u s  q u a te r 
n a ry  p h o sp h o n iu m  com pounds of [Fe(C N )5P(CeH 5)3] 2_ ion  w ere s tu d ie d  here 
by  1H -N M R  m eth o d s. As in  these  co m pounds th e  an ion  itse lf  is a sy m m etric , 
a la rg e r sh ift o f  resonance  frequencies cou ld  be  ex p ec ted  to  occur.

T h e  m easu rem en ts  w ere carried  o u t  a t  32 °C in  CDC13 an d  D 6-DM SO 
so lu tions o f  d iffe ren t co n cen tra tio n s, on a V a rian  T60 in s tru m e n t. T h e  sp ec tra  
w ere e v a lu a te d  b y  th e  m e th o d  described  in  o u r p rev io u s p ap er [1]. T h e  sh ifts 
o f th e  resonance  signals o f  P(CeH 5)3 lig an d  w ere re la te d  to  th e  resonance  signals 
o f th e  non -com plexed  ligand  m easured  in  th e  sam e so lven t. F o r th e  m easu re 
m en ts  th e  fo llow ing com plexes w ere p re p a re d  [2, 3]:

Introduction

Results

[(C4H 8)3P C H 3]2[Fe(CN )5P P h 3]

[(C4H 9)4P ]2[Fe(C N )5P P h 3]

M i[Fe(C N )sP P h 3] 

-  M |[Fe(C N )5P P h 3]
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Table I

Chemical shifts o f  protons in  the ion associates o f  [R 3P R ’]2[Fe(CN)5P(CeH3)3] complexes

Cation Solvent Concentration 
CK. 10*

(Hz)
cation anion

c , Qj—C3 c. c„ m О

M, CDC13 1.4 32 8 8 26 10 136
1 1 1 1 1 7.2 40 16 18 32 22 1421 1 1 1 1 

( - c 4- c 3- c 2- c 1- ) 3p + - c 0-
1 1 1 1 !

13.5 48 30 31 42 36 154

1.8 14 6 6 10 4 140
De-DMSO 9.1 22 12 14 15 14 148

18.3 30 24 24 26 24 160

C, ^2“  C3 c 4 m 0

M2
CDC13 1.0 22 l i 15 10 148

13.0 58 39 43 40 176
1 1 1 1 19.9 70 53 56 48 180

(— C4— C3— Cj— С4— )4P +
1 1 1 1 1.3 14 8 10 2 132

D 6-DMSO 13.2 24 17 18 8 140
25.9 40 34 36 30 168

С г Q - c , c 4 C0 m 0

M, CDC13 1.3 30 7 6 78 12 144
6.6 38 18 17 97 25 156

1 1 / 13.1 44 28 21 106 36 164
Ru3P +— C„— C =  C

1 \ 1.5 14 4 3 64 4 136
D 6-DMSO 7.6 28 16 13 86 14 148

15.2 41 28 24 102 22 156
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Table I (continued)

M4

I— .('2 — Сз— Cj—

M3

P
3

P

M "

p p*

c , Q - C 3 c , C0 С / . m 0

0.7 20 4 4 38 4 4 138
CDC13 3.3 33 10 14 50 14 14 154

9.8 46 24 28 64 28 28 167
19.5 60 38 43 82 42 42 182

0.8 12 2 3 14 4 4 132

D e-DMSO 4.1 18 8 10 18 12 10 144
12.4 30 20 23 30 22 20 156
24.8 44 34 36 44 35 34 172

CDCI3

phenyl benzyl-phenyl Co m О P

0.7 2 2 42 4 150 380
10.0 20 14 66 30 160 400
20.1 24 22 76 40 170 408

0.9 22 14 40 4 148 324
D,-DMSO 12.7 34 26 62 22 158 332

25.5 44 40 72 30 166 338

p - m 0 m 0 P
CDCL

0.6 i6 20 2 144 350
9.7 50 60 30 186 352

19.5 58 66 40 200 354

0.8 6 8 2 134 305
D.-DMSO 12.3 18 20 10 152 312

24.7 26 28 22 164 316
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[(C4H 9)3PC H 2C H C H 2]2[Fe(CN )5P P h 3] s  M32[Fe(CN)5P P h 3] 

[(C4H 9)3PC H 2CeH 5]2[Fe(C N )5P P h 3] « M |[F e(C N )sP P h 3]

[(C0H 5)3PC H 2C6H 5]2 [Fe(C N )sP P h 3] ^  M l [Fe(CN)5P P h 3]

[(C6H 5)4P ]2 [Fe(C N )5P P h 3] =  M§ [Fe(CN)sP P h 3]

T h e  chem ical sh ifts  o f  th e  v a rio u s  p ro to n s  o f  ca tions are  given in  T ab le  I.
I n  th e  spectra  o f th e  io n  p a irs  fo rm ed  w ith  ca tio n s M1 to  M4, th e  signals 

o f  th e  p a ra -p ro to n s  of P(C 6H 5)3 lig an d  could n o t be id en tified . I t  is v e ry  p ro b ab le  
t h a t  th is  signal appears in  th e  reg ion  o f  a lip h a tic  p ro to n s ; th is  is also su p p o rte d  
b y  l i te r a tu r e  d a ta  [4]. In  an sw erin g  th is  q u estio n  m easu rem en ts  on  phospho- 
n iu m  c a tio n s  conta in ing  no a lip h a tic  chain  could  also be app lied  to  a d v a n ta g e .

D iscussion

T h e  experim en ta l re su lts  w ere in te rp re te d  on th e  basis o f th e  sh ifts  in  
th e  s ig n a ls  o f the  CQ, C4 an d  C4 p ro to n s  o f d e riv a tiv e s  form ed w ith  c a tio n s  M1 
to  M 4 (F ig . 1, 2 and 3).

C om paring  th e  m e a su re d  sh ifts  w ith  th e  co rrespond ing  d a ta  o f h ex acy an o - 
f e r r a te ( I I I )  anion [1] we h a v e  fo u n d  th a t  th e  m ag n itu d es o f  sh ifts  a re  n ea rly  
th e  sa m e . T h is ap p a ren t c o n tra d ic tio n  can be  reso lved  i f  th e  e lec tron ic  s tru c tu re  
o f  th e  [Fe(C N )5P(CeH s)3] 2~ a n io n  is in v e s tig a te d  from  th e  aspects  o f  th e  m ech a
n ism s cau sin g  the  sh ifts , w ith  p a r t ic u la r  re g a rd  to  th e  fa c t th a t  th e  m a g n itu d e  
o f  p se u d o -c o n ta c t in te ra c tio n  d ep en d s , in  ad d itio n  to  th e  sy m m e try  of th e  
a n io n , o n  o th e r facto rs, to o . T o  a f i r s t  ap p ro x im a tio n  i t  can  be s ta te d , o f  course, 
t h a t  t h e  ion-pair geom etries in  th e  ion  associa tes o f th e  tw o an ions a re  m ost 
c e r ta in ly  d ifferen t, b u t  th is  do es n o t  exp la in  th e  a lm o st id en tica l sh if ts . I n  th is  
re s p e c t  th e  unpaired  e lec tro n  o f  th e  cen tra l m e ta l a to m  p lays a m u ch  m ore 
im p o r ta n t  role.

I n  th e  [Fe(CN)6]3_ a n io n  th e  b ack -co o rd in a tio n  effect o f  th e  d elec trons 
o f  th e  m e ta l  is th e  sam e to w a rd  all cy an id e  g roups. W hen, h o w ever, a  CN~ 
g ro u p  is  su b s titu te d  b y  a lig a n d  o f  s tro n g e r rr-accep to r ch a rac te r , th e  e lec tron  
d is t r ib u t io n  changes. I f  th e re  is a s tro n g  de loca lization  in  th e  d ire c tio n  o f th e  
n ew  lig a n d , a re la tive ly  low  u n p a ire d  sp in  d e n s ity  rem ains on th e  c e n tra l  a tom . 
C o n se q u e n tly , th e  p se u d o -c o n ta c t in te ra c tio n  w ill be sm aller th a n  in  th e  com 
p lex es  in  w hich the  u n p a ire d  e lec tro n  is localized  on th e  m e ta l a to m  [5].

T h e  sh ifts of [Fe(CN )5P (C eH s)3] 2— d e riv a tiv e s , reg ard in g  th e  ca tio n s , are 
s im ila r  in  m any  respects to  th o s e  o f  h e x a c y a n o fe rra te (III)  d e riv a tiv e s . Also in  
th is  c a se , th e  C0 and C4 p ro to n s  h a v e  th e  la rg e s t chem ical sh ifts , b u t  th e  d if
fe ren ce  A v (CQ) — ZÍj^CjJ is h ig h e r  h e re . T he m easu red  sh ifts a re  a lw ay s la rg e r 
in  CDC13 th a n  in  De-D M SO , ow ing  m o st p ro b a b ly  to  th e  d iffe ren t so lv a ta tio n  
a b ilitie s  o f  th e  tw o so lven ts.
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Fig. 2. Chemical shifts o f  Cj protons

4 Acta Chim. Acad. Sei. Hung. 102, 1979

'-'В

Fig. 1. Chemical shifts o f C„ protons



2 6 4 PA PP, KVINTOVICS: T R A N SIT IO N  METAL CYANO CO M PLEXES, IX

Fig. 3. Chem ical shifts of C4 protons

R eg ard in g  th e  in d iv id u a l lines, th ere  are fu r th e r  d ifferences be tw een  th e  
d e r iv a tiv e s  o f the  tw o an ions. A lth o u g h  th e  sequence o f  th e  sh ifts  o f C0 p ro to n s 
is th e  sam e , th e  sh ift o f  th e  C 0 p ro to n  o f th e  M3 d e riv a tiv e  is ex trem ely  h igh, 
a n d  th e  sequences o f th e  sh if ts  o f  C4 and  C4 p ro to n s  a re  opposite  fo r th e  tw o 
an io n s . I n  th e  com plex o f c a tio n  M 5 th e  C0 p ro to n s h av e  th e  la rg es t sh if t, and  
th e  tw o  ty p e s  of pheny l p ro to n s  show  n early  th e  sam e sh if t, in d ica tin g  th a t  th e  
la t t e r  a re  equ ivalen t w ith  r e s p e c t to  th e  geom etry  o f  th e  associate . Conse
q u e n tly ,  th e  ion-pair g eo m e try  is th e  sam e as w ith  th e  o th e r  ca tions. T h is also 
a p p lie s  to  cation  M6.

T a k in g  in to  acco u n t th e  sh if ts  of C2, C3 an d  C4 p ro to n s , too , i t  can  be 
d e r iv e d  from  th e  ca lcu la ted  g eo m etric  factors t h a t  th e  resonance  frequencies 
a re  d e te rm in e d  by  th e  com bined  e ffec t o f th e  p se u d o c o n ta c t an d  c o n ta c t in te r 
a c tio n s  w hich  cause p o sitiv e  (in  th e  d irection  o f h ig h e r fie lds) an d  neg a tiv e  
sh if ts , re spec tive ly .

T h e  m echanism  o f c o n ta c t  in te ra c tio n  can be assum ed  to  be  th e  sam e as 
w ith  h e x a c y a n o fe rra te (III)  d e r iv a tiv e s  [1]; th e  a ssu m p tio n  has been  p ro v ed  
a g a in  b y  in fra red  in v e s tig a tio n s  in  so lu tion  phase. T he a rg u m en ts  concern ing  
io n -p a ir  geom etry  and  th e  c o n c e n tra tio n  dependence o f  sh ifts  a re  also th e  sam e 
as in  th e  previous p a p e r [1]. T h e  o n ly  difference is t h a t  th e  re la tiv e  positions
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o f ca tion  and a n io n  can  now be d e te rm in ed  w ith  confidence , since th e  fo rm er 
m u s t approach th e  an io n  from th e  side opposite  to  th e  P(C0H 5)3 ligand  (F ig. 4).

The e x p e rim e n ta l d a ta  show  a s tro n g  in te ra c tio n  b e tw een  th e  P(C0H 5)3 
lig an d  and th e  i ro n ( I I I )  cen tra l a to m . A ccord ing  to  T ab le  I  th e  sh ifts are 
p o sitiv e  for all p ro to n s , i.e. th e  signals o f ortho, meta an d  para  p ro to n s are 
un ifo rm ly  sh ifted  to w a rd s  higher fie ld s . T he sequence o f sh if ts  can  be in te rp re t
ed on  the  basis o f  in v estig a tio n s on m odel com pounds c o n ta in in g  P(CeH 5)3 
lig an d  [6, 7, 8] as follow s. I f  a p seu d o -co n tac t in te ra c tio n  is assum ed  to  ex ist, 
th e  sequence o f  th e  ligand  p ro to n s , on th e  basis o f  th e  th e o re tic a l geom etric

Fig. 4. Suggested structure for the [(C4H9)4P ]+  [Fe(CN)jP(C6H5)3] -  ion pair

fa c to rs , will be ortho ] > meta >  p a ra .  As th e  observed  sequence (para  >  
]> ortho meta)  is d iffe ren t, th e  p h en o m en o n  c a n n o t be a t t r ib u te d  to  pseudo
c o n ta c t in te rac tio n  alone .

On the  o th e r  h a n d , if  only a c o n ta c t in te ra c tio n  is p re se n t, th e  sequence 
o f  sh ifts  depends on  th e  sy m m etry  o f  th e  o rb ita ls  in v o lved  in  delocalization . 
F o r  a ty p e  d e lo ca liza tio n  th e  sequence is ortho meta p ara ,  i.e. th e  e x te n t 
o f  sh if t decreases w ith  increasing d is tan ce  from  th e  c e n tra l a to m , w hich is 
ag a in  d ifferent fro m  th e  observed sequence. F in a lly , for n  de localization  th e  
sequence  is para  )> ortho ]> meta, h u t  th e  chem ical sh ift o f  meta  p ro tons is 
n e g a tiv e , i.e. th e  re so n an ce  signal ap p ears  a t  low er fie ld  th a n  in  d iam agnetic  
env ironm en t.

T he observed sequence  of signals agrees w ith  th e  one caused  b y  n  delocal
iz a tio n , th e  o b serv ed  sh ifts of meta  p ro to n s a re , how ever, p ositive  for all

4* Acta Chim. Acad. Sei. Hung. 102, 1979
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i r o n ( I I I )  com plexes stu d ied . I t  c an  th ere fo re  he assum ed  th a t  th e  sh ifts  are  
in f lu e n c e d  b y  n  delocalization , w ith  a s im ultaneous p se u d o -c o n ta c t in te ra c tio n , 
th e  e x te n t  o f  w hich is su ffic ie n t (sm all p ro to n  —  c e n tra l a to m  d istances) to  
o v e rc o m p e n sa te  th e  n eg a tiv e  c o n ta c t  sh ifts o f meta p ro to n s . On th e  basis of 
th e se  q u a li ta t iv e  considera tions th e  tend en c ies  o f  th e  e x p e rim e n ta l d a ta  can  be 
in te r p r e te d  satisfacto rily .

T h e  resu lts  of th e  in v e s tig a tio n s  carried  o u t so fa r  in d ic a te  t h a t  in  these  
s y s te m s , in  add ition  to  th e  d ip o le  in te ra c tio n  betw een  th e  c e n tra l a to m  an d  th e  
p ro to n s  o f  th e  cation , th e re  is a  w eak  covalen t in te ra c tio n  be tw een  th e m , i.e. 
th e  u n p a ire d  electron is d e localized  to  a certa in  e x te n t. T h is m ay  be one o f th e  
e x p la n a tio n s  o f th e  fac t g e n e ra lly  observed  in  p re p a ra tiv e  ch e m is try  th a t  
c h e m ic a lly  u n stab le  com plex  an io n s  (i.e. sensitive to  o x id a tio n  or h y d ro ly s is ), 
w h ic h  do  n o t  exist in  th e  fo rm  o f  a lk a li m e ta l com p o u n d s, can  be p rep a red  
w ith  b u lk y  organic ca tions.

T h e  q u a n tita tiv e  in te rp re ta t io n  of exp erim en ta l d a ta ,  on th e  basis of 
c a lc u la tio n s  on ion-pair g e o m e try , is in  progress.
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Linear microdensitometer of classical optical arrangement has been designed 
for wide range measurements. The linearity, reproducibility and range of the optical 
density measurements and data acquisition has been investigated.

The improved detection system, the direct supply of optical density data and the 
method of the adjustment of the optics ensure accurate and reproducible measurements. 
The logics for the search of preselected lines and optical density extreme on them make 
the analysis quicker and more reliable.

In tro d u c tio n

T h e  deve lopm en t o f  th e  m eth o d s o f th e  em ission sp ec tro sco p y  has m ade 
th e  im p ro v em en t of th e  ra d ia tio n  de tec tio n  ind ispensab le . T h e  m o d ern  ex c ita 
tio n  an d  dispersion tec h n iq u e s  c an n o t be fu lly  ex p lo ited  because  o f  th e  lim ited  
p o te n tia ls  o f  th e  d e tec tio n .

T h e  p h o to g rap h ic  m e th o d , w hich has a g rea t in fo rm a tio n  reco rd in g  capac
ity , could  n o t becom e th e  u lt im a te  one o f th e  d e tec tio n , b ecau se  its  accuracy  
an d  reso lu tio n  were n o t  a tta in e d  by  th o se  o f th e  op tica l d e n s ity  (absorbance) 
m easu rem en t. This can  be  exp la ined  b y  th a t  th a t  th e  basic  design  o f  th e  m a
jo r ity  o f  th e  m icro d en sito m eters  fo r sp ec tro g rap h y  is som e f if ty -y e a r  old and 
th ere fo re  th e y  can n o t cope  w ith  th e  increased  dem ands.

I t  h as  been fo und , t h a t  th e  ch a ra c te ris tic  cu rve  o f  c e r ta in  sp e c tra l p lates 
w as lin ea r  to  th e  h igh ex p o su res  up  to  S  = 4  [1].

H ow ever, th is w ide ra n g e  can n o t be used  because o f  th e  p o o r perfo rm ance  
o f  th e  m icro d en sito m ete rs  o v er S  =  2 [2]. T he s tu d y  o f  th e  p ro b lem s o f op tica l 
d en sity  m easu rem en t, s tich  as ran g e , lin e a r ity  and  re p ro d u c ib ility  an d  the  
re q u ire m e n t o f  fa s t e v a lu a tio n  o f  sp ec tra  in  la rge  n u m b ers  led  to  design ing  of 
a prec ise , au to m a tic  d e n s ito m e te r  o f  classical a rran g em en t.

* Previous paper: Zim m e h , K., H e l t a i , Gy.: Acta Chim. Acad. Sei. Hung., 10 0 , 319
(1979).

Papers of this series are simultaneously published in Magyar Kémiai Folyóirat in 
Hungarian.
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Some problem s o f  th e  optical density  m easu rem en t

T h e  q u a n tita tiv e  in fo rm a tio n  recorded on sp e c tra l p la te s  an d  film s is 
in  th e  fo rm  of op tical d e n s ity . T h e  useful range o f  th e  p h o to g rap h ic  response 
to  th e  exposure  is S = 0 — 4 [1]. T he geom etrical re so lu tio n  a tta in a b le  w ith  
s p e c tra l  p la te s  is a few m ic ro m e te rs  even a t p e rfec t ex p o su re  an d  deve lopm en t 
te c h n iq u e . The perfo rm ance o f  th e  m icro d en sito m eter m u s t m eet o r possib ly  
s u rp a s s  th e se  data .

T h e  classical m ic ro d e n s ito m e te r , w hich is b a sed  on th e  op tica l sy stem  and  
a r ra n g e m e n t of the  m icroscope can  cope w ith  th ese  d em an d s  on th e  range  and  
re s o lu tio n , if  its p a ra m e te rs  a re  properly  chosen. O p tica l d en sity  can  be 
m e a s u re d  up  to  S  =  4, i f  th e  s e n s it iv ity  of th e  lig h t d e tec tio n  an d  th e  in te n s ity  
o f  th e  illu m in a tio n  of th e  o b je c t a re  sufficient an d  th e  s t r a y  lig h t, w hich  d e te r
m in e s  th e  upper lim it o f th e  ra n g e  o f the  m easu rem en t, is reduced  to  0 .01%  of 
th e  t o t a l  flux . The tw o fo rm er fa c to rs  determ ine th e  m in im al size o f th e  m easu r
in g  s l i t ,  w h ich  for some p ra c tic a l  reasons ( e.g.: l in e a r ity  o f  th e  op tica l tra n sfe r , 
g ra in in e ss  of the  em ulsion etc.)  m u s t be as narro w  as 5 m icrom eters in  effective 
w id th  (p ro jec ted  on th e  f ilm ).

T h e  portion  of th e  s t r a y  l ig h t in  the  tra n s m itte d  flu x  depends n o t only 
u p o n  th e  q u a lity  of th e  o p tic a l  sy s tem , b u t upon  th e  s tru c tu re  o f th e  spec tru m  
as w ell. T h e  finer i t  is, th e  h a r d e r  is its  co n tra s t w ith  th e  b ack g ro u n d , th e  m ore 
is th e  p o rtio n  o f th e  s tr a y  l ig h t . Tw o com m ercial m icro d en sito m ete rs  an d  th e  
m ic ro d en s ito m e te r  described  h e re  were te s ted  fo r s t r a y  lig h t. T he im proved  
o p t ic a l  sy stem  and th e  in tro d u c tio n  o f co m p lem en ta ry  f ilte rs  re su lted  in  a 
r e d u c t io n  of the s tra y  lig h t w ith  tw o orders o f  m a g n itu d e  [2].

A  v e ry  im p o rta n t p re re q u is ite  of the  q u a n t i ta t iv e  m ic ro d en sito m etry  is 
th e  l in e a r i ty , th a t  is th e  re sp o n se  o f  th e  in s tru m e n t be  s tr ic tly  p ro p o rtio n a l to  
th e  ab so rb an ce  of th e  o b je c t. T h e  n o n -lin earity  o f  th e  in s tru m e n t can  be caused  
b y  th e  e rro r  in th e  e lec tron ic  re sp o n se  [3] or b y  th a t  in  th e  o p tica l se ttin g . T he 
l in e a r i ty  o f th e  op tica l t r a n s f e r  is influenced b y  th e  p a r t ia l  incoherence of th e  
l ig h t  so u rce , which is u n a v o id a b le , if  incandescen t la m p  is used. In  sp ite  of th a t  
l in e a r i ty  can be ensured , i f  th e  m easuring  slit in  th e  im age p lane  tra n sm its  a 
h o m o g en eo u s flux  over i ts  w h o le  size [4, 5].

T h is  implies th a t  in  o rd e r  to  ensure th e  lin e a r  o p tica l tra n sfe r  th e  s lit 
sh o u ld  be chosen th e  n a r ro w e s t so th a t  th e  v a r ia tio n s  in  th e  s tru c tu re  of th e  
s p e c tru m  lines be th en  re la t iv e ly  large com pared  to  th e  size of th e  s lit an d  so 
th e  p a r t ia l  incoherence o f th e  l ig h t source has no im p a c t on th e  op tica l tran sfe r. 
T h e  m in im u m  a tta in a b le  m e a su rin g  slit w id th , w h ich  is eq u iv a len t to  th e  im 
p u ls e  response w id th  o f th e  o p tic a l  system  is d e te rm in e d  b y  th e  im aging  op tics
[5 ]:

NA
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w here A is th e  w av e-len g th  of th e  illu m in a tio n  an d  NA is the  n u m e ric a l a p e r tu re  
o f th e  ob jec tiv e . In  th e  case of th e  g en era lly  u sed  10 X -m ag n ifica tio n  ob jec tiv e  
th e  m in im al s lit w id th  is ab o u t 2 m icrons. T h is  v a lue  is m uch sm a lle r  th a n  th e  
d e ta il changes w ith in  a line an d  co m p arab le  w ith  th e  reso lu tion  o f  th e  em ul
sions. T h e  o b se rv a tio n  on d ifferen t sp e c tru m  lines have suggested  a n  o p tim u m  
effec tive  s lit w id th  o f  5 m icrons.

R ep ro d u c ib ility  is a basic d em an d  on q u a n tita tiv e  d e n s ito m e try . A p a rt 
from  th e  in s ta b ility  o f  th e  illum in a tio n  [2], w h ich  can be e lim in a ted , th e  defocus 
is th e  g re a te s t p ro b lem . I t  has been  show n  [4], th a t  re p ro d u c ib ility  can  be 
m a in ta in e d  w ith in  th e  focal to le rance . T h is  is re la tiv e ly  sm all:

6 (focal to le ran ce ) = ----- ----- -
2 • NA

I t  is a b o u t 1 m ic ro m ete r in  th e  case o f a 10 X im ag ing  ob jective a n d  con sid er
ab ly  sm alle r th a n  th e  th ick n ess  o f a sp e c tra l em ulsion . Therefore th e  re p ro d u c 
ib ility  depends up o n  th e  precision o f  th e  v isu a l focusing.

T o s tu d y  th e  dependence  o f re p ro d u c ib ility  upon focusing sp ec tro g ram s 
w ith  w ell ch a rac te rized  th in  single lines o r  w ith  continuous s p e c tru m  w ere 
m easu red  w ith  th is  m icro d en sito m eter. I t  h as  been observed t h a t  th e  v isual 
focus to le ran ce  is g en era lly  qu ite  g re a t, a b o u t ± 2 0  f i m  over th e  w ho le  m ag n ifi
ca tio n  ran g e  (10 X — 50 X ).

F igs l a  an d  lb  show  th e  m easu red  o p tic a l d ensity  of a sing le  lin e  in  de
p en d en ce  on th e  defocus o f  th e  im ag ing  o b je c tiv e . The error d u e  to  th e  v isual

Fig. 1. The effect o f the defocus of the objective on th e  optical density m easurem ent o f spectral 
lines o f a)  25 fin i, b)  50 /m i w idth . O bjective: 10 X , measuring slit: 5 fim  w ide
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se tt in g  o f  th e  ob jec tive  increases w ith  th e  o p tica l d e n s ity . This is m ore m a rk e d  
in  th e  case  o f th in n e r  lines. T h e  curves show  m a x im u m , w hich belongs to  th e  
o p tim u m  focus. I f  o b jec ts  o f  un ifo rm  abso rb an ce  a re  m easured , th e  focus a t  
th e  m in im u m  value  is th e  r ig h t  one (Fig. 2). T h e  p ro b le m  of th e  defocus o f  th e  
su b s ta g e  condenser is as im p o r ta n t  as th a t  o f  th e  o b jec tiv e . A t its  b e s t s e tt in g  
th e  m e a su re d  op tica l d e n s ity  is m ax im um  on single lin es  (Fig. 3), an d  m in im u m  
on  b a c k g ro u n d  or co n tin u o u s  spectrum . T he u n c e r ta in tie s  and  erro rs in t r o 
du ced  b y  v isu a l focusing a re  cau sed  b y  sligh t m isa lig n m e n t of th e  op tica l sy s te m .

Fig. 2. T he effect of the objective defocus on the optical d en sity  measurement of continuous 
spectrum . O bjective: 10 X ,  m easuring slit: 5 /an  wide

Fig. 3. T he dependence of the optical density m easurem ent upon  the defocus of the substage  
condenser. O bjective and condenser: 10 X ,  measuring slit: 5 fim  wide, width of the spectrum

line: 25 цт
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H ow ever, i t  is possib le to  a d ju s t th e  op tics precisely , if  th e  o b jec tiv e  is n o t 
v isu a lly  focused b u t  its  w ork ing  d is tan ce  is se t accord ing  to  th e  m ax im u m  ab 
sorbance  value  m easu red  on a single line. T he substage  co n d en ser can  be sim ilarly  
se t op tim um .

Description of the microdensitometer

T ak in g  in to  co n sid e ra tio n  th e  u p -to -d a te  re q u ire m e n ts  on  precise and 
h igh  reso lu tion  m easu rem en ts  a re liab le , adv an ced  m ic ro d en s ito m e te r  has been 
b u ilt  (F ig. 4). T h e  o p tica l system  is based  on th a t  o f th e  w id e ly  sp read  Zeiss 
J e n a  S ch n e llp h o to m ete r, w hich has been  im proved  an d  th e  im ag ing /m easu ring  
op tics have been  p a r t ly  redesigned  (F ig . 5).

Fig. 4. The m icrodensitom eter w ith the m easuring, control and recording electronics

Fig. 5. The optical arrangem ent of the m icrodensitom eter; 1 halogene lam p, 2 lam p condenser, 
3 field  diaphragm, 4 heat filter, 5 green filter  preslit, 6 aperture diaphragm , 7 substage con
denser, 8 object (p late , film ), 9 objective, 10 m easuring slit, 11 collecting lens system , 12 red

filter, 13 ligh t measuring device
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The optical arrangement o f  the in s trum ent

T h e  op tica l system  o f th e  single-beam  m ic ro d en s ito m e te r  is based  on 
th e  K o e h le r- ty p e  illu m in a tio n  a n d  m icroscope p ro je c tio n  sy stem . T he lig h t 
in te n s i ty  tra n sm itte d  b y  th e  o b je c t (8) is m easu red  b y  a silicon p h o to 
d iode  (13).

I n  th is  design th e  illu m in a tio n  system  was d e v o te d  so m uch  im p o rtan ce  
as th e  im a g e  p ro jection  p a r t .  I n  o rd e r to  get su ffic ien t l ig h t in te n s ity  even a t  
h ig h -re so lu tio n  m easu rem en ts , a  single filam en t 100 w a t t  halogen  lam p  (1) 
is u se d , w h ich  is o p era ted  on  a DC pow er supply  w ith  0 .0 1 %  s tab iliza tio n . A 
p o o r q u a l i ty  lam p condenser c a n  in tro d u ce  flare . To av o id  th is  d e tr im e n ta l 
e ffec t a com pound  condenser (2) w as placed in  f ro n t o f  th e  lam p . In  o rder to  
en su re  th e  K oeh ler-type  il lu m in a tio n  o f the  o b jec t iris  d iap h rag m s w ere f i t te d  
b o th  j u s t  in  fro n t o f th e  lam p  co n d en se r (3) and  in  th e  re a r  focal p lane  (6) o f 
th e  su b s ta g e  condenser (7). T h e  fo rm e r controls th e  size o f  th e  im age of th e  
lig h t so u rc e  and  th a t  o f th e  o b je c t  field . The o b jec t fie ld  is specified  b y  th e  
N A  o f  th e  ob jective (9). T h e  g re a te r  th e  m ag n ifica tion , th e  sm aller is th e  size 
o f th e  illu m in a te d  field . I t  is v e ry  im p o rta n t th a t  th e  im ag e  o f th e  lam p  con
d en se r sh o u ld  fill the  a p e r tu re  o f  th e  substage condenser to  o b ta in  th e  m ax im um  
p h o to m e tr ic  efficiency. I f  th e  d ia p h ra g m  is no t n a rro w ed  to  th e  req u ired  e x te n t 
i t  g ives rise  to  th e  s tra y  l ig h t fro m  th e  areas d ire c tly  n o t  used  in  th e  im age 
p lan e .

T h e  iris d iaphragm  s i tu a te d  in  th e  rear focal p lan e  o f th e  substage  con
d e n se r is th e  efficient a p e r tu re  o f  b o th  th e  condenser a n d  o b jec tive .

I n  o rd e r to  e lim inate  th e  h e a t  hazard  a t  th e  o b je c t a h e a t f ilte r  (4) was 
p laced  in  f ro n t of th e  f irs t  iris  d iap h rag m . A green f i l te r  p re s lit o f m ax im um  
tra n s m it ta n c e  a t  Я =  550 n m  (5) w as f itte d  to  im p ro v e  th e  d e fin itio n  o f th e  
o b je c tiv e  an d  as a p a r t  o f  th e  co m p lem en ta ry  f ilte r  sy s tem .

T h e  im age of th e  o b je c t is p ro jec ted  on a w h ite  screen  in  th e  p rim ary  
p la n e , in  th e  centre o f w h ich  is th e  square m easu ring  s lit (10). T his can  be 
c o n tin u o u s ly  varied  b e tw een  1— 10 m m  in heigh t a n d  b e tw een  0.1— 2.0 m m  
in  w id th .  T h e  m agn ifica tion  o f  th e  sam ple in th e  p r im a ry  im age p lane is b e 
tw e e n  10 X — 15 X d ep en d in g  o n  th e  ob jective in  use. So th e  effective size of 
th e  m e a su rin g  slit can he a d ju s te d  betw een  2— 200 p m .  J u s t  b eh in d  th e  m easu r
ing  s l i t  a com pound lens sy s te m  (11) was placed to  focus all th e  tra n sm itte d  
f lu x  o n  th e  surface of th e  silicone P IN  diode.

A  re d  f ilte r  (12) is s i tu a te d  in  f ro n t of th e  d e te c to r  to  ensu re  its  m ax im um  
sp e c tra l  sen s itiv ity  and  to  re d u c e  th e  s tra y  ligh t in  co m b in a tio n  w ith  th e  green 
f i l te r  p re s lit .

A ll th e  in te rn a l su rfaces h a s  been pain ted  m a tt-b la c k  or covered w ith  
b la c k  p a p e r .
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Measurement o f  optical density

T he tra n s m itta n c e  o f  th e  o b jec t is m easu red  b y  a silicon P IN  p h o to d io d e . 
T he lin ea rity  o f th e  response  of th is  device h as  been checked o v e r 4 decades 
of th e  in c id en t lig h t, th e  dev ia tio n  has n o t exceeded  0 .5% . This is su p e rio r  to  
th a t  o f a p h o to m u ltip lie r  tu b e , w hich show ed  accep tab le  lin e a rity  o n ly  over 
tw o orders o f m a g n itu d e . M oreover th e  h igh  speed  m easurem ents w ith  p h o to 
m u ltip lie r a re  u n re liab le  because of d rif t, m em ory-effec t and  fa tig u e  o f  the  
device. T he p rob lem  o f th e  low er o u tp u t a t  th e  sam e inciden t f lu x  in  th e  case 
o f th e  p h o to d io d e  has been overcom e b y  u s in g  an  opera tiona l a m p lif ie r  o f  very  
good s ta b ility . In  th is  w ay  as sm all as 100 p m 2 effective m easu ring  s lit  can  be 
used  a t th e  illu m in a tio n  w ith  a 100 w a tt  ha logen  lam p.

T he in te n s ity  o f  th e  c u rren t o f th e  p h o to d io d e  is p ro p o rtio n a l to  the  
tra n sm itta n c e  o f  th e  ob jec t. A lo g arith m ic  am p lifie r is used to  d ev e lo p  th e  
o p tica l d en sity  v a lu es  from  th e  in p u t signals. T h is c ircu it m akes u se  o f  the  
re la tio n sh ip  b e tw een  th e  b ase -em itte r v o lta g e  an d  th e  collector c u r re n t  o f  the  
tra n s is to r . I t  o p e ra te s  over 4 decades o f th e  in p u t  signals w ith  a log c o n fo rm ity  
o f  0 .5% . T he o u tp u t  is d isp layed  in th e  fo rm  o f tru e  op tica l d en sity  on  a 3 1/2 
d ig it panel m eter.

T he accu racy  o f  th e  op tica l d en sity  m easu rem en t has p ro v e d  ap p ro x .
0 .2%  in th e  range  o f  S  =  0— 1, an d  0 .3%  u p  to  S  — 3.

The re p ro d u c ib ility  is 1%  over 2 h o u rs  o f  opera tion .

Autom atic  evaluation o f  spectra

In  o rd e r to  s im p lify  th e  m easu rem en ts  an d  im prove th e  re lia b ili ty  o f  the  
acqu isition  o f  sp e c tru m  d a ta  th e  scann ing  a n d  th e  reso lu tion  of th e  im age of 
th e  sp ec tru m  are  rea lized  in  d iscre te  step s , w hose len g th  is equal to  th e  w id th  
of th e  slit. F o r th e  search  o f th e  location  o f  th e  preselected  lines a n d  o f  th e  
m ax im um  v a lu e  o f  th e ir  o p tica l d en sity  s to r in g  an d  com paring  c irc u its  have 
been developed.

T he o b jec t s tag e  is d riven  b y  a s te p p e r  m o to r th ro u g h  a b ack lash free  
leadscrew . T h e  p itc h  o f  th e  leadscrew  a n d  th e  transm ission  b e tw een  i t  and  
th e  m o to r w ere so chosen th a t  th e  d is tan ce  m ade b y  th e  stage  a t  a single 
step  is 5 m icrons. So th e  sp ec tru m  lines can  be qu ite  finely  reso lv ed , gener
ally  in to  8— 10 p o in ts , w hich is th e  p re re q u is ite  for th e  re liab le  ex trem e  
search ing .

T he s tag e  is m oved  w ith  a speed c o n tin u o u s ly  v ariab le  b e tw een  0 .05—
1.00 m m  • sec-1 , th e  n u m b e r o f th e  steps ta k e n  is added  and d isp lay ed .

R e la ted  to  a chosen  line th e  location  o f  16 d ifferen t lines can  be  s to red  
in  th e  m em ory  in  th e  fo rm  o f s tep  n u m b ers  a n d  a t  following scan n in g s  these  
lines can be a u to m a tic a lly  searched  in  th e  o rd e r o f th e  step  n u m b e rs . I t  is
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im p e ra tiv e  t h a t  th e  reference lin e  an d  th e  e x p o su re  conditions ( e.g. d ispersion) 
re m a in  u n c h a n g e d .

T h e  ex tre m e  search ing  logic m akes one o f  th e  m ost tir in g  a n d  tim e - 
c o n su m in g  jo b  in  sp ec tru m  e v a lu a tio n  obsolete . T h e  princip le  of its  o p e ra tio n  
is sh o w n  o n  F ig . 6. T he e lec tron ics h av e  a o n e  s te p  m em ory , th e  c o n te n t  o f

•^b+f++++fH+b++-H--H-

F ig . 6 . Schem e of the searching o f  the optical d en sity  m axim um  on a spectral line

w hich  is  co n tin u o u sly  co m p ared  to  th e  in s ta n ta n e o u s  m easu rem en t v a lu e . 
I f  th e  l a t t e r  exceeds th e  s to red  one, th e  m em o ry  is erased  and  th e  new , h ig h e r 
sig n a l g e ts  s to red . The process goes on u n til  th e  m ax im um  is reach ed . T h is 
v a lu e  w i th  th e  respective co o rd in a te  given in  s te p  n u m b ers  is th e n  re a d y  to  be 
d isp la y e d  a n d  recorded. T he sea rch  for b a c k g ro u n d  m inim a is sim ilar, b u t  in  
th is  c ase  decreasing  signals are  processed.

C o m p le te  acqu isition  o f th e  chosen 16 lin es  w ith  th e  d e te rm in a tio n  of 
th e ir  o p t ic a l  d en sity  m ax im u m  an d  th e  b a c k g ro u n d  la s ts  ab o u t 5 m in u tes .

Data handling

T h e  o p tic a l d ensity  d a ta  a re  d ig ita lly  d isp lay ed . The coo rd inates o f  th e  
m e a s u re m e n t po in ts  re la te d  to  th e  stage  m o v e m e n t are  also supplied .

A  p u n c h  ta p e  reco rder a n d  a p r in te r  w ere  f i t te d  to  th e  in s tru m e n t for 
fu r th e r  d a ta  processing.

*
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M ethods for th e  d e te rm in a tio n  of th e  p a ra m e te rs  o f  b lack en in g  curve are  d is
cussed. F o r th e  g rap h ica l d e te rm in a tio n  of th e  у -v a lu e  as well as d e n s ity  va lues and 
SLL essen tia lly  th e  Ch u r c h il l  p re lim in a ry  curve m eth o d  w as used . A c o m p u te r p rog
ram m e h as  been  e la b o ra te d  for th e  d e te rm in a tio n  of c o n s tan ts  у an d  к of th e  /- tra n s 
fo rm atio n . T he p ro g ram m e  is based  on th e  i te ra tio n  c a lcu la tio n  considered  to  be th e  
m o st re liab le  p rincip le  b y  T örök  an d  Z im m e r . T he va lues o f th e  f i lte r  c o n s ta n t u su a lly  
agree w ith  th e  average  o f th e  v a lu e  A l ,  w ith  a n  accu racy  of 0.001 w hen  ap p lied  th e  
у  and  к values ca lcu la ted  b y  th e  p rogram m e. T his accu racy  is p e rfec tly  sa tis fac to ry  for 
p rac tica l dem ands.

In tro d u c tio n

A p reco n d itio n  o f  sp ec tro g rap h ic  analysis is to  know  th e  so-called in te n 
sity -sca le  b lack en in g  cu rve  [1] expressing  th e  re la tio n  betw een  lo g arith m  in te n 
s ity  (lg I  =  Y )  o f  th e  lig h t illu m in a tin g  th e  p h o to g rap h ic  em ulsion an d  th e  
d e n s ity  S.  F o r th e  d e te rm in a tio n  o f th is  in ten s ity -sca le  b lack en in g  curve it  is, 
o f  course, n ecessary  to  h av e  th e  in te n s ity  scale w ell-defined  a t  su itab le  w ave
len g th s . F o r th is  p u rp o se  such  a lig h t source ra d ia tin g  w ith  s ta b le  in te n s ity  is 
need ed  w hich  produces line sp ec tru m  a t  th e  w av e-len g th s  o f all analysis lines. 
T h e  s ta b ili ty  o f th e  lig h t sources used  fo r a n a ly tic a l chem ical purposes u sua lly  
is n o t able to  fu lfil th is  req u irem en t.

T herefo re  in  th e  sp ec tro g rap h ic  p rac tice  th e  m e th o d s  used are  such  th a t  
ra d ia tio n s  o f d iffe ren t in ten s itie s  e m itte d  by  th e  sam e lig h t source are p h o to 
g rap h ed  n o t successively , b u t  s im u ltan eo u sly . T he e rro r d e riv ing  from  f lu c tu a 
tio n  o f  th e  in te n s ity  o f  th e  ra d ia tio n  source d u rin g  th e  ex posu re  can  be e lim in a t
ed if  th e  lig h t p ro jec ted  w ith  un ifo rm  in te n s ity  on th e  s lit o f th e  sp ec tro g rap h  is

* P rev io u s pap er: K ozma , L .: A c ta  Chim. Acad. Sei. H u n g ., 102, 267 (1979)
P ap ers  o f th is  series are  sim u ltan eo u s ly  published  in M agyar K ém ia i F o ly ó ira t in  H un 

g a rian  language.
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p ro d u c e d  in  d ifferent in te n s i ty  s tep s  along th e  lo n g itu d in a l ax is o f  th e  s lit 
[2— 5 ]. T o  decrease th e  ra d ia t io n  in te n s ity  m u lti-s tep  ro ta t in g  secto rs (m ain ly  
in  A m erica )  are  generally  u sed , an d  m u lti-s tep  lig h t ab so rb in g  f ilte rs  as well 
(m a in ly  in  E urope). In  th e  la t t e r  case, lig h t a b so rp tio n  o f th e  single f i l te r  step  
sh o u ld  b e  ca lib ra ted  in  th e  fu n c tio n  o f  w ave-leng th . A t a g iven  w av e-len g th  
th e  n e c e s sa ry  in ten s ity  scale is p ro v id e d  by  a series o f  n u m b ers  exp ressing  th e  
l ig h t tra n sm iss io n  o f th e  sing le  step s . T hese n u m b ers  are p ro p o rtio n a l values 
w ith  th e  ab so lu te  in te n s ity  fa llin g  to  a given sp o t of th e  p h o to g rap h ic  em ulsion. 
F o r  a n a ly tic a l  ca lib ra tion  i t  is su ff ic ien t to  h av e  a series o f n u m b ers  expressing  
th e  r e la t iv e  in ten s ity  v a lu es , p ro v id e d  th a t  th e  co n d itions o f  an a lysis  an d  cali
b ra t io n  a re  sim ilar in  o th e r  re sp ec ts .

H o w ev er, th e  m e th o d  b a se d  on  m u lti-s tep  in te n s ity  decrease involves 
te c h n ic a l difficulties. O n th e  o n e  h a n d , in te n s ity  scale p ro d u ced  in  th is  w ay 
c o n ta in s  re la tiv e ly  few —  a t  m o s t 2— 10 —  p o in ts , on th e  o th e r  h a n d , th e  g rea t 
s lit h e ig h t  necessary  to  th is  m e th o d  can  h a rd ly  be illu m in a te d  u n ifo rm ly . In  
o rd e r  to  so lve th is  p ro b lem  processes based  on tw o -s tep  in te n s ity  red u c tio n  
h a v e  b e e n  e labo ra ted  fo r th e  d e te rm in a tio n  o f b lack en in g  cu rv e  [2]. F o r  th is , 
a series o f  spectrogram s sh o u ld  be  p ro d u ced  b y  a p p ly in g  a tw o -step  in te n s ity -  
d ec re a s in g  device and  v a ry in g  th e  a m o u n t o f  ra d ia tio n  fa lling  on th e  p h o to 
em u ls io n .

T h eo re tica lly  th e  p ro p e r  so lu tio n  is to  v a ry  th e  lig h t in te n s ity  keeping  
th e  ex p o su re  tim e a t  a c o n s ta n t  v a lu e . I t  is p ro v ed , how ever, th a t  even  th e  
c h an g e  o f  exposure tim e  is a llow ed  [6]. T he basis o f  th e  fu r th e r  ca lcu la tio n  is, 
n a m e ly , th e  logarithm  in te n s i ty  d ifference o f th e  lig h t tra n s m itte d  th ro u g h  
tw o  s te p s :

lg  К  -  lg h  =  ^ Y m

i.e. th e  f i l te r  co n stan t, th e  v a lu e  o f w hich  is n o t d ep en d en t on th e  exposu re  tim e.
N o  in te n s ity  scale is o b ta in e d  b y  using  tw o -step  in te n s ity  red u c tio n , b u t  

o n ly  a series of den sity  d ifferences belonging  to  g iven  in te n s ity  ra tio s . W ith  
th e  h e lp  o f  these d a ta  p a irs  th e  b lack en in g  curve  can  be p lo tte d  an d  co n stan ts  
o f  b la c k e n in g  tra n sfo rm a tio n s  d e te rm in ed .

Graphical determ ination of blackening curve

T h e  sim plest m e th o d s  o f  th e  g rap h ica l d e te rm in a tio n  o f b lacken ing  
c u rv e  a re  based  upon th e  a p p lic a tio n  o f  th e  so-called p re lim in a ry  cu rve  [7— 12]. 
F ro m  am o n g  these m e th o d s  e ssen tia lly  th e  Ch u r c h il l ’s p re lim in a ry  curve 
w as u se d  w hich co n ta in s  e v e ry  n ecessary  in fo rm a tio n  on th e  sh ap e  o f th e  
b la c k e n in g  curve [7, 13]. T h is  can  be  o b ta in ed  on th e  w ay  th a t  th e  densities 
S b m e a su re d  on th e  a t te n u a te d  s te p  are p lo tte d  a g a in s t th e  co rrespond ing
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densities S a m easu red  on th e  u n a tte n u a te d  s te p  o f 100%  tra n sp a re n c y  o f  th e  
s tep -filte r (F ig . 1). T he eq u a tio n  describ ing  th is  cu rv e  can  he given as follow s 
S b =  S a — A S m , w here  A S m rep resen ts  th e  d e n s ity  difference be lo n g in g  to  
z lY m lo g arith m  in te n s i ty  d ifference. I t  is e a sy  to  see th a t  th e  v a lu e  o f  A S m 
depends on th e  d e n s ity , a t  th e  b e n t sec tions o f  th e  b lacken ing  curve  d iffe ren t 
A S m values be lo n g  to  a g iven  A Y m d ifference. H ow ever, if  b o th  densities fa ll 
o n to  th e  s tra ig h t  sec tion  o f th e  b lacken ing  c u rv e , th e  va lu e  o f A S m is c o n s ta n t. 
So th is  sec tion  is lin ea r , its  slope equals 1, an d  th e  in te rc e p t of th is  s tra ig h t

Fig. 1. Churchill’s prelim inary curve

line gives ju s t  th e  av e rag e  o f  A S m va lues m easu red  on  th e  s tra ig h t p a r t .  T h is  
section  is ach ieved  on th e  p re lim in ary  cu rve  w hen  th e  d en sity  v alue  b e long ing  
to  th e  low er in te n s i ty  also reaches th e  lin e a r  sec tio n  o f  th e  b lacken ing  cu rv e . 
T ill th is  lim it th e ,z lS m va lu es  an d  co n seq u en tly  th e  slope o f  th e  p re lim in a ry  
cu rv e  increase. So S L is th e  o rd in a te ’s v a lu e  b e long ing  to  th e  p o in t w here  th e  
s tra ig h t an d  low er b e n t  p a r t  o f  th e  cu rve  jo in . I f  th e  d en sity  m easured  on  th e  
u n a tte n u a te d  s te p  exceeds th e  u p p er S LL p o in t o f  th e  lin ea r sec tion , A S nt 
s ta r ts  to  decrease, an d  th e  g rap h  dev ia tes from  th e  s tra ig h t line. T he abscissa  
belonging to  th is  p o in t has ju s t  th e  sam e v a lu e  as S LL. A ccordingly , w ith  th e  
help  o f th e  p re lim in a ry  cu rv e , th e  m ost im p o r ta n t  p a ra m e te rs  o f th e  b lack en in g  
cu rve  can be d ire c tly  d e te rm in ed  an d  b y  th e  sim ple  p lo ttin g  m ethods offered  
b y  th e  above a u th o rs  even  th e  b lacken ing  cu rv e  i ts e lf  can  be d raw n. T h e  co n 

s ta n ts  of /- tra n sfo rm a tio n  [14] у  = ----- — an d  к — can  sim ilarly  d e te rm in e d
A Y m у

on th e  basis o f  F ig . 1. H ow ever, th e  accu racy  o f  th e se  values is genera lly  n o t 
sa tis fac to ry  fo r p ra c tic a l purposes. H ow ever, th e  у  v a lu e  can  be fa irly  w ell 
e s tim a ted , th e  a c c u ra cy  o f  th e  end p o in t read in g s  (S L an d  S LL) is n o t su ffic ien t 
a n d  stro n g ly  d ep en d s on  th e  s ta n d a rd  d e v ia tio n . T h e  ca lcu la tion  o f  t ra n s fo r 
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m a tio n  c o n s ta n ts  is req u ired  even w h en  th e  g raph ica l m e th o d  is ap p lied . 
H o w ev e r, also  in  th is  case i t  is n ecessa ry  to  p lo t a t  least th e  p re lim in a ry  cu rv e  
in  o rd e r  to  be  able to  d e te rm in e  th e  u p p e r  S LL lim it o f d en sity  v a lu es  to  be 
co n sid e red  a t  ca lcu lation .

D eterm ination of constants of /-transform ation by calculation

C o n s ta n ts  of /- tran sfo rm a tio n  can  be  d e te rm in ed  w ith  re la tiv e ly  sim ple 
m e th o d s  w h en  n o t m an y  d a ta  a re  av a ilab le  [14]. A lthough , th e  acc u ra cy  an d  
p rec is io n  o f  th e  m ethods are  s tro n g ly  d ep en d in g  on the  n u m b er o f  d a ta  used , 
th e  re lia b le  an d  rap id  processing  o f  h igh  n u m b e r o f d a ta  can be  so lved  on ly  
b y  th e  h e lp  o f com puter.

A  c o m p u te r  p rog ram m e based  on th e  above, p re lim in ary  cu rv e  m e th o d  
is su g g e s te d  b y  M a t h e r n y  [15, 16]. T h is p ro g ram m e w as w idely  ap p lied  b y  
u s  a n d  g en era lly  reliab le re su lts  w ere o b ta in e d . In  certa in  cases, h ow ever, th e  
d iffe ren ces betw een  th e  ca lcu la ted  an d  t ru e  values s ig n ifican tly  exceed  th e  
s ta n d a r d  d ev ia tio n  p e rm itte d . T his a p p e a rs  i f  th e  basic assu m p tio n s o f  th e  
p ro g ra m m e  are  n o t fu lfilled  because  o f  th e  ex p erim en ta l co n d itio n s: i f  th e  
d is t r ib u tio n  o f  th e  po in ts  to  d raw ing  th e  p re lim in a ry  curve is n o t  su ffic ien tly  
u n ifo rm  o r  i f  th e  s ta n d a rd  d ev ia tio n  is re la tiv e ly  h igh [17].

T h e re fo re , for th e  d e te rm in a tio n  o f  th e  co n stan ts  o f /- tra n s fo rm a tio n  a 
new  c o m p u te r  program m e b ased  on  th e  ite ra tio n  m ethod  fo u n d  to  be  m ost 
re lia b le  b y  T ö r ö k  and  Z im m e r  [18] w as e lab o ra ted .

Computer programme for the determ ination of constants 
of /-transform ation by iteration method

T o  th e  com pu ter p ro g ram m e S a ,, S b , p a irs  (S a S b) of d e n s ity  va lu es
o b ta in e d  w ith  th e  ap p lica tio n  o f tw o -step  f i l te r  w ere used. I t  is e x p e d ie n t th a t  
th e  n u m b e r  o f  d en sity  p a irs  reach  a t  le a s t 30, an d  th e y  are  sp read  p o ssib ly  
u n ifo rm ly  on th e  s tra ig h t an d  u n d erex p o sed  sections o f th e  b lack en in g  cu rve .

T h e  f i r s t  s tep  o f th e  c a lcu la tio n  is to  o rd e r th e  d a ta  pa irs  acco rd in g  to  
th e  d ec rea s in g  value o f  S a i f  th ese  are  eq u a l, accord ing  to  values S b. A fte rw ard s  
d iffe ren ces a re  form ed as follow s:

A S ,  =  S aJ -  S bft

To d e te rm in e  th e  low er lim it o f  th e  lin e a r  sec tion  of b lacken ing  cu rve  th e  A S j  
l im it  v a lu e  m u s t be found  follow ing w hich  th e  fu r th e r  A S ,  v a lues m o n o to n o u sly  
d ec rease . T h is  ta sk  is to  be  so lved  as follow s:
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W ith  th e  help  o f  th e  f ir s t  5 v a lu es , th e  A S j  average va lu es  a n d  th e  cor
resp o n d in g  Sjg  s ta n d a rd  d ev ia tio n  a re  c a lc u la te d

(1) A S j  =
i

j a s l  

= i j
(J = 5)

(2) 1 Í  ( Ä S j — A S j)2 
J 1 i-1

(.7 = 5)

T h en  i t  is exam ined  w h e th e r  th e  in e q u a lity  (3) ex ists or n o t:

(3) A S j + l < Ä S j - t  -S ts ,

w h ere  f is a c o n s ta n t co rrespond ing  to  th e  chosen  s ta tis tic a l s a fe ty . T h is  can 
a rb itra r i ly  be chosen  in  th e  p ro g ram m e; acco rd in g  to  our experiences t =  1.55 
is a q u ite  su itab le  v a lu e  ( ~  80%  s ta tis t ic a l  sa fe ty ).

In  th e  case o f  a p p ro p ria te ly  chosen S a, S b d a ta  pairs in e q u a lity  (3) does 
n o t  ex is t, if  th e  A S j  av erag e  is fo rm ed  o f th e  f i r s t  5 ZlS,- values. F o r  th is  reason  
th e  A S j  value on th e  basis  o f fo rm ula  (1) a n d  its  s tan d ard  d e v ia tio n  on the  
basis  o f  form ula (2) are  ca lcu la ted , ta k in g  one  m ore value ( j  =  5 +  1) in to  
co n sid era tio n . T h is p rocess is co n tin u ed  b y  g radually  rising  th e  j  va lues 
( j  =  5 -f- 2, j  =  5 -J- 3, . . .) till in e q u a lity  (3) is reached. I f  i t  o ccu rs , one  has 
to  in v e s tig a te  w h e th e r  th e  va lu e  in  q u e s tio n  is an  acc id en ta lly  o u ts ta n d in g  
one , o r  n o t, th e re fo re  th e  fo rth co m in g  A S j +2 v a lu e  should be c o m p a re d  to  th e  
m ean  va lue :

(3.a) A S j +2<^ A S j — t • sjgj

(b u t in  th is  case, i t  is suggested  to  ta k e  t =  2.0).
In  th e  case, i f  in e q u a lity  (3.a) does n o t  ex is t, calcu lation  r e tu rn s  to  the  

f i r s t  s tep  tak in g  a d d itio n a l A S t va lu e , as described  above. W h en  in e q u a lity  
(3 .a) is reached , s im u ltan eo u sly  th e  p o in t is o b ta in ed  w here th e  lin e a r  section  
o f  th e  b lacken ing  cu rv e  ap p ro x im a te ly  com es to  an and : S b j  =  S L. I f  some 
d a ta  p a irs , or a t  le a s t one m em ber o f  th e m , a re  corresponding a lre a d y  to  the  
u p p e r  b e n t section , i.e. S a j S LL, th e  A S j  m e a n  value will be w rong . T herefo re  
A S j  va lu es  s ig n ifican tly  d iffering  from  th e  ca lcu la ted  A S j  va lu e  sh o u ld  be  left 
o u t  from  th e  ca lcu la tio n s. In  th e  n e x t  s te p  A S t values used fo r th e  ca lcu la tio n  
o f  m ean  value a re  ex am in ed , an d  in  th e  course  o f th e  fu r th e r  ca lcu la tions 
th o se  values for w h ich  in eq u a lity

(4) \ASj  — A S j \  ^>t  • s js ,
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is v a lid , a re  neg lected . T h e  v a lu e  o f c o n s tan t t is ta k e n  1.55. V alues o m itte d  
th is  w a y , are  sep a ra te ly  p re se n te d , and  th e  ab o v e  p rocess (cycle 2) is re p e a te d  
w ith o u t  th e m , as a re s u lt  o f  w hich ASj,  a n d  values, resp ec tiv e ly , are
o b ta in e d . B y m eans o f  A S j ,  o f  th e  initial  у -v a lu e  c a n  be calcu lated :

(5) Yi =
A S j '

J Y m

w h ere  A  Y m is th e  lo g a rith m ic  f i l te r  co n stan t o f  th e  app lied  tw o-step  f i l te r  in  
th e  e x a m in e d  w av e-len g th  ra n g e .

A t th e  sam e tim e  th e  in i t ia l  к -value can  also b e  calcu la ted  w ith  th e  help  
o f  th e  S bj,  value be lo n g in g  to  th e  A Sj,  lim it v a lu e :

Y i

U sin g  th e  initial  c o n s ta n ts  o b ta in e d  th is w ay

(? )
Sg,t

Y i
and sb,i

^b, i

Y i

c a n  b e  ca lcu la ted  from  a ll S a t —  S b values. T h e n  la a n d  lb ,■ values, re sp e c tiv e 
ly , a re  o b ta in ed  from  th e  e q u a tio n  (7.c) o f 1 -tran sfo rm atio n  from  sa ,■ a n d  sb ,■ 
v a lu e s  fo r w hich in e q u a lity

(7 .a ) sa , i < k l and  sb,i <

is v a lid . I n  o th e r cases, a cco rd in g  to  th e  d e fin itio n  o f  /-tran sfo rm atio n

(7 .b) sa, i la, i

(7.c) l =  S

T h e n

(7-d) Ali =

v a lu e s a re  ca lcu la ted  a n d  th e  m ean

(8) A l  =
1 M

m S

is g o t fro m  all those A l t v a lu e s , for a t  least one co m p o n e n t of which in e q u a li ty  
(7 .a) is v a lid . In  e q u a tio n  (8) M  is th e  n u m b e r o f  A l t values.
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M ean value  A l  c a lcu la ted  on th e  basis o f  eq u a tio n  (8) is co m p ared  w ith  
th e  v a lu e  A Y m o f  th e  f i l te r  c o n s ta n t.
I f

(9) \ Ä l - A Y m \ < P

th e  chosen Л-value is su ita b le  w ith  th e  accu racy  req u ired . T h e  v a lu e  P  can  be 
chosen a rb itra r ily ; fo r p ra c tic a l purposes P  =  0.01 o r P  =  0.005.

In  th e  case, w hen  in e q u a lity  (9) is n o t fu lfilled , th e  Л-v a lu e  is varied  as
follow s:
I f

(9.a) A K  Y m ^new — ^former +  0.005

(9-b) A l > Y m ^new =  ^former 0.005

W h en  accuracy  d e fin ed  b y  fo rm u la  (9) is reach ed , i te ra tio n  is s to p p e d  and  th e  
pre lim inary  k2 v a lu e  is o b ta in e d . A fte r th is  th e  S b j „ an d  ASj„  v a lu es  are  cal
c u la te d  correspond ing  to  Л2:

(10) S„J» =  Ух ■ k2

F ollow ing  th is , th e  p rev io u s p a r t  o f  ca lcu la tio n  (cycle 3) is re p e a te d , i.e. the  
new  in it ia l  y- an d  Л-va lue  is c a lcu la ted

( i i .« )
A S *  

^ 2 A Yx m

( l l .b ) к  -  SbJ"
У2

I te ra t io n  of Л-value  is re p e a te d  as described  above w ith  th e  v a lu es  o f th e  
second initial  tra n s fo rm a tio n  c o n s ta n ts  ap p ly in g  fo rm ulas (7)— (9.b) an d  fina lly  
Ä4-value  is got.

I f  th e  va lu e  o f  y 4 an d  y2 does n o t d iffer m ore th a n  th e  e rro r  p e rm itted  
[4, 14], i.e.

(12) I — Pl I <  0.02

th e n  y2- and  Л4̂ а1и ев  can  be reg a rd ed  f in a l .  I f  th is  co n d itio n  is n o t  fu lfilled, 
th e  calcu la tions g iven  b y  fo rm u las  (10) an d  (11) are  rep e a te d  u s in g  th e  values 
o f  y2 an d  Л4. W ith  th e  y 3 an d  k 5 pre lim inary  va lues o b ta in ed  th is  w ay  th e  i te ra 
tio n  is perfo rm ed  ag a in  w hich  resu lts  in  th e  f in a l y 3- an d  Äe-values.
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T h is  step  was n e c e ssa ry , because  a sign ifican t d ifference b e tw een  y x and  
y2 v a lu e s  refers to  w rong  in i t ia l  y-  an d  fc-values. T h e  cause o f th is  lies in  th e  
n o t  su ffic ie n tly  accu ra te  d e te rm in a tio n  o f A S j  l im it v a lu e  an d  A S j  m ean  value , 
re sp e c tiv e ly . This occurs, w h e n  th e  s ta n d a rd  d e v ia tio n  o f  th e  m easu rem en ts 
is  to o  h ig h , or the  d is tr ib u tio n  o f  S a ,■ —  S b t d a ta  p a irs  is u n ev en  on th e  lin ear 
a n d  under-ex p o sed  p a r t  o f  th e  b lacken ing  curve.

T h re e  insoluble cases m a y  arise, in  w hich th e  c a lcu la tio n  a u to m a tica lly  
cea se s . T hese  are th e  fo llow ings:

1. In  the  course o f  & -value i te ra tio n  accord ing  to  fo rm u las  (9 .a) an d  (9.b), 
re s p e c tiv e ly , it  m ay  occu r t h a t  к  co n stan tly  changes b e tw een  tw o va lu es  w ith 
o u t  re a c h in g  the req u ired  i te r a t io n  accuracy. In  th is  case th e  ca lcu la tio n  can 
b e  r e p e a te d  w ith low er i te r a t io n  accuracy .

2 . T h e  Sb j. an d  A S j ,  v a lu e s  got w ith  th e  help  o f  p re lim in a ry  y x- and  
fe2-v a lu e s  correspond to  less th a n  5 ASj  values o f  th e  series. T his tim e  th e  
preco n d i t io n  of th e  c a lc u la tio n  is n o t  fulfilled acco rd in g  to  w hich  a t  least th e  
f i r s t  5 A S j  values shou ld  fa ll to  th e  linear section  o f  th e  b lack en in g  curve.

3. D uring  ite ra tio n  th e  fc-value co n tinuously  decreases and  ta k e s  a 
n o n -d e f in ed  negative v a lu e . I n  th is  case, how ever, th e  ca lcu la tio n  can  be re p e a t
ed  w i th  a lower ite ra tio n  a c c u ra c y  requ irem en t.

T h e  following schem e g ives a su rv ey  on th e  c a lc u la tin g  process in  a sim pli
f ie d  fro m .

I n  th e  course o f th e  p ra c tic a l  te s t o f th e  ab o v e  p ro g ram  f irs t  o f all th e  
a c c u ra c y  reachable has b e e n  ex am in ed . This ex a m in a tio n  show s sim u ltan eo u sly  
w h a t  p rec ision  can re liab ly  b e  re q u e s te d  during  th e  ap p lica tio n  o f th e  m ethod .

T o  characterize  th e  p rec is io n  o f tra n sfo rm a tio n  th e  p ro g ram  gives th e  
fo llo w in g  d a ta  a t th e  sing le  s te p s  o f ite ra tio n :

a )  T he average a n d  s ta n d a r d  deviation  o f A l  v a lu es  ca lcu la ted  from  all
d a ta  p a ir s  o f  density :

1 N
(1 3 .a) = —  y A l j

N  i é

Г 1 N -
(13 .b ) =

bJ  T h e  average a n d  s ta n d a r d  dev ia tion  o f  z j^ -v a lu es  ca lcu la ted  from  
d a ta  p a ir s  (la j, lb j) low er t h a n  th e  fc-value:

(1 4 .a)

(1 4 .b)

_  1 M
A ll<Lk =  -— - У  A L  M  <  IV 

M  j é  1

1 M _

SAl‘~ '  =  [ w = r T j § i A l l < k ~ A l j ) i

_i
2
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c)  T h e  difference o f th e  f i l te r  c o n s tan t a n d  m ean  value A ll<k o b ta in e d  
fro m  th e  tran sfo rm ed  d e n s ity  v a lu es , as well as th e  s ta n d a rd  d ev ia tion  o f  Alj  
v a lu e s  c h a ra c te ris tic  for th e  d e v ia tio n  from  th e  f i l te r  co n stan t:

(15)

(16)

P  =

^  ̂ h - c k ,^ Y m

\ A Y m — Al>7<fc I

M

2 ( A Y m - A l j ) ‘
j =  1

у
2

A c c u ra c y  o f  tran sfo rm a tio n  is ch a rac te rized  p r im a r ily  b y  th e  la s t tw o d a ta .  
O n F ig u re s  2 .a, b , c, d som e p ra c tic a l exam ples a re  d em o n stra ted . The v a r ia tio n  
o f  sAll^ k, s All^ k, sAll̂ k AYm an d  t h a t  o f  P -v a lu e  in  fu n c tio n  of th e  p a ra m e te r  
к  is p re s e n te d  in th e  figu res. T he m ost im p o r ta n t  experim en ta l co n d itio n s 
(sp e c tra l  p la te , sp ec tro g rap h , w ave-leng th ) a re  show n in th e  legends to  th e  
f ig u re s .

O n  th e  basis of th e  f ig u res  th e  follow ings can  be  s ta te d :
a )  T h e  P -va lue  has an  ex trem e ly  sh a rp  m in im u m  in  function  o f p a ra m 

e te r  k .  I t  can  be seen th a t  th e  s tep  value к  =  ^ 0 .0 0 5  applied  in  th e  course  
o f  i t e r a t io n ,  ensures th e  a p p ro a c h  o f  th is  m in im u m  w ith  0.001 accu racy  in  all 
cases. T o  d em an d  a b e tte r  a g reem en t be tw een  f i l te r  fac to r and  v a lu e  A l l<k 
w o u ld  b e  po in tless b o th  th e o re tic a lly  and p ra c tic a lly . N am ely , th e  f i l te r  co n 
s ta n t  is a  p h o to m etrica lly  d e te rm in ed  v a lu e , a n d  th e  error of ab so rb an ce  
m e a s u re m e n t is ^ 0.001 w ith  th e  u su a l in s tru m e n ts  in  favourab le  case.

b)  T h e  s ta n d a rd  d e v ia tio n  Arm passes th ro u g h  a m inim um  in  fu n c 
tio n  o f  fc-value and th e  Zc-value belonging to  th e  m in im u m  is equal to  th e  к 
b e lo n g in g  to  th e  m inim um  o f P  va lu e . H ere

SAl^ k

c)  S ta n d a rd  d ev ia tion  sAli^ k s im ilarly  gives a m in im um  a t  th e  ab o v e  
fc-value. T h e  degree o f its  ch an g e  is, how ever, n o t  s ig n if ican t, even if  к is ch an g ed  
so, as t h e  v a lu e  of P  reaches 0 .010. T he v a ria tio n  o f  sAl can also be n eg lec ted  
in  th e  a b o v e  lim it o f fc-values, an d  does n o t  e x h ib it  unam biguous te n d e n c y . 
T h ese  o b se rv a tio n s  well s u p p o r t th e  ru le o b ta in e d  b y  th e  app lica tion  o f  l- 
t r a n s fo rm a tio n  w ith o u t c o m p u te r ; accord ing  to  w h ich  for p rac tica l p u rp o ses  
a lw ay s  su ffic ien tly  a c cu ra te  th e  fc-value a t  w h ich  P  =  | A Y m —  A ll< k \ =  
=  0 .005  h a s  been reached  [4, 14]. H ow ever, c o m p u te r  calculations offer p o s
s ib il i ty  fo r  ga in ing  b e tte r  a cc u ra cy , too . N a tu ra lly , i t  is im p o rta n t only  in  t h a t  
case w h e n  fo r  theo re tica l p u rp o ses  th e  A-value i ts e lf  is in ten d ed  to  be d e te r 
m in ed  a s  p rec ise ly  as possib le.

T h e  above described g ra p h ic a l and  co m p u te rized  processes h av e  b een  
w id e ly  a p p lie d  in  the  course o f  o u r  fu r th e r  in v e s tig a tio n s . L ine and co n tin u o u s
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Fig. 2. Variation o f different s-values and P -v a lu e  characteristic for the accu racy  of /-trans
form ation in function  of fc-value in the course o f  iteration , in different cases, a )  Spectral plate: 
A gfa-G evaert 23 D 56. Recording: continuous spectrum  of D-lamp w ith spectrograph type 
Q 24. W ave-length: 340 nm . b) Spectral plate: Agfa-G evaert 23 D 56. R ecording: Fe-spectrum  
(d.c. arc excitation ) w ith spectrograph type Q 24. W ave-length: 340 nm . c)  Spectral plate: 
Agfa-G evaert 23 D 50. Recording: Fe-spectrum  (d .c. arc excitation) w ith spectrograph type 
Q 24. W ave-length: 300 nm . d )  Spectral plate: O RW O  W U 3. Recording: F e-spectrum  (d.c. 

arc excitation ) w ith PGS-2 grating spectrograph. W ave-length: 300 nm
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s p e c tra  h av e  been in v e s t ig a te d , and b o th  p r ism  a n d  g ra ting  sp ec tro g rap h s  
w ere  u sed . F or step p ed  a t te n u a t io n  of ligh t in te n s i ty  befo re  th e  slit o f  sp e c tro 
g ra p h  e ith e r  two steps o f  th re e -s te p  filte r b u ilt  in to  th e  ap p a ra tu s , or th e  se lec
tiv e  у -com pensating  tw o -s te p  filte r co n stru c ted  b y  N agy have been a p p lie d  
[19]. V a ry in g  ligh t a m o u n t w ere  produced b y  c h a n g in g  in ten sity  or ex p o su re  
t im e  depend ing  on th e  o th e r  conditions o f  e x p e r im e n t. In  the  case o f  lin e  
s p e c tra  de te rm in a tio n s w ere  m ostly  perform ed w ith  iro n  spectrum . A t sing le  
w a v e -le n g th  ap p ro p ria te  n u m b e r  of d a ta  p a irs  w e re  c rea ted  w ith  close lines 
fa llin g  in to  a narrow  (4— 6 n m ) range. E ffec ts  o r ig in a tin g  from  th e  ch an g e  o f  
e x p o su re  in  function  o f  th e  t im e  ( in te rm itten ce , etc.)  w ere generally re d u c e d  
b y  d .c . exc ita tio n . T he c o n c re te  experim en tal c o n d itio n s  are briefly  d esc rib ed  
a t  th e  corresponding  in v e s tig a tio n s .
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A pplication o f 2,2’,4 ,4’-tetram ethoxybenzhydryl (Tbh), a new  am ide-protecting  
group is reported. P rotected  amides can be prepared by condensing the corresponding 
carboxyl com pounds w ith  T b h —N H 2, the synthes o f which is also described. The acid 
lability  of Tbh is sim ilar to that of t-butyloxycarbonyl (B oc), thus i t  can readily be 
rem oved by acidolysis in  trifluoroacetic acid at room  tem perature.

In  th e  sy n th es is  o f  asparag ine  and  g lu tam in e  p ep tid es  th e  co-amide group 
can  be involved  in  side reac tio n  [1— 3] an d  can  increase  th e  hydrophilic  
c h a ra c te r  of c e r ta in  in te rm e d ia te s , m ak ing  th e ir  iso la tio n  an d  pu rifica tio n  
d ifficu lt [4]. To o vercom e these  d ifficu lties, p ro te c tio n  o f th e  am id e  group has 
been  proposed. T h u s  th e  use o f x a n th y l-  [5], 2 ,4 -d im eth o x y - o r 2,4,6-tri- 
m ethoxybenzy l- [6] a n d  4 ,4 ’-d im eth o x y b en zh y d ry l- [7] g roups w ere described. 
M ethoxybenzy l d e riv a tiv e s  can be p rep ared  b y  co n d en sa tio n  o f  th e  co rrespond
in g  carbony l co m p o u n d  w ith  benzy lam ine , w hile x a n th y l-  an d  4 ,4 ’-d im ethoxy- 
b en zh y d ry lam id es a re  o b ta in ed  by  th e  ac id ca ta ly zed  a lk a la tio n  o f am ides 
w ith  x a n th y d ro l a n d  4 ,4 ’-d im eth o x y b en zh y d ro l, re sp ec tiv e ly . E a c h  group can 
be cleaved b y  ac ido lysis , e.g. w ith  H B r in  A cO H  o r T F A  in  th e  presence of 
ca tio n  acceptors su ch  as anisol. In  respect o f th e  ease o f rem o v a l, th e  4,4’- 
d im e th o x y b e n z h y d ry l g roup  ap p eared  to  be th e  m o st p rom ising .

E ven  in  th is  case , how ever, we observed  d ifficu lties  w hen  la rg e r peptides 
w ere deblocked. C om ple te  rem oval o f th e  4 ,4 ’-d im e th o x y b e n z h y d ry l group 
req u ires  e ither a lo n g  reac tio n  tim e  or e lev a ted  te m p e ra tu re , an d  in  b o th  cases 
side reactions can  o ccu r in  th e  acid sensitive  p o rtio n  o f  th e  p ep tid e .

O bviously a p ro te c tiv e  group w ith  g re a te r  acid  la b ility  could  be  rem oved 
u n d e r  m ilder co n d itio n s. F o r  o b ta in in g  such  a  b lo ck er th e  sim p liest w ay  seem ed 
to  be th e  in tro d u c tio n  o f  fu r th e r  m e th o x y l g roups in to  th e  4 ,4 ’-d im ethoxy- 
b en zh y d ry l m o ie ty  w h e reb y  th e  electron  d e n s ity  a t  th e  ca rb o n  a to m  betw een 
th e  benzene rings as w ell as th e  hyd rophob ic  c h a ra c te r  w ould  increase. Thus 
th e  use o f  2,2’,4 ,4 ’- te tra m e th o x y b e n z h y d ry l g roup  w as considered . This pap er 
describes th e  p re p a ra tio n  o f th e  new  re a g e n t an d  som e experiences on its 
app lica tions.*

* A bbreviations are those recommended by IU P A C -IU B  Biochem . J ., 126, 773 (1972). 
In addition, DCC stan ds for dicyclohexylcarbodiim ide, Mbh for 4,4’-dim ethoxybcnzhydryl, 
Tbh for 2,2’,4,4’-tetram ethoxybenzhydryl, TCP for 2,4,5-trichlorophenyl, T F A  for trifluoro
acetic acid and DM F for dim ethylform am ide.
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*PPA =  polyphosphoric acid

F i g .  1 .  Synthesis o f 2,2, ,4 ,4’-tetram ethoxybenzhydrylainine
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T he sy n th es is  o f th e  new  re a g e n t S ta rted  from  2,2’,4 ,4 ,- te tra m e th o x y -  
henzophenone w hich  w as f irs t p rep a red  b y  Y a n A l l a n  [8]. T he o rig in a l p ro 
cedure  w as s ig n ifican tly  im proved  b y  som e m odifica tion .

C ondensa tion  o f 2 ,4 -d im ethoxybenzo ic  acid (I) an d  reso rc ino l d im e th y l 
e th e r  (II) gave in  th e  presence o f  po lyp h o sp h o ric  acid 2 ,2’,4 ,4 ’- te tra m e th o x y -  
benzophenone (III) in an  excellen t y ie ld . As th e  co rrespond ing  b en zh y d ro l 
(Ilia) p rep a red  b y  th e  sodium  b o ro h y d rid e  red u c tio n  o f  III did  n o t  r e a c t w ith  
am ides, th e  b en zh y d ry lam in e  w as p rep a red .

T re a tm e n t o f III w ith  h y d ro x y lam in e  in  e th an o l gave th e  ox im e (IV), 
w hich  w as red u ced  b y  zinc d u s t in  am m o n iu m  h y d ro x y d e  [9] to  th e  co rresp o n d 
ing  am ine  (V).

A lth o u g h  th is  com pound  is a solid , its  m e ltin g  p o in t is v e ry  low ; th ere fo re  
its  p en tach lo ro p h en o la te  sa lt (VI) w as used  in  fu r th e r  ex p e rim en ts  (F ig . 1).

T he p ro te c te d  am ides can  be sy n th esized  e ith e r from  an  a p p ro p ria te  
a c tiv a te d  es te r an d  V, or from  th e  co rresp o n d in g  ca rboxy l co m p o u n d  an d  VI 
b y  DDC co n d en sa tio n  (Table I).

In  sp ite  o f  its  bu lk iness, th e  new  g roup  did  n o t h in d er th e  reac tio n s  of 
th e  p ro te c te d  am ino  acids an d  p ep tid e s  b locked  on th e  am ino  o r ca rboxy l 
te rm in u s  o r on b o th  (Table I I ) .

T he T b h -p ro te c te d  d e riv a tiv es  c ry s ta llize  read ily  an d , as ex p e c te d , th e ir  
so lu b ility  in  o rganic  so lvents is g re a te r  th a n  th a t  o f M b h -p ro tec ted  com pounds. 
T he T b h  g roup  is s tab le  u n d er th e  c ircu m stan ces of p ep tid e  sy n th es is  in  solu
tio n , an d  resists  c a ta ly tic  h y d ro g en a tio n . I t  can  be rem oved  m u ch  easie r th a n  
th e  co rrespond ing  M bh g roup  u n d e r s im ila r cond itions an d  i t  can  selec tive ly  
be sp lit o ff even  in  th e  presence o f  Boc g roups (Table I I I ) .

I t  is a well know n fa c t th a t  Boc an d  o th e r  p ro te c tin g  g roups w h ich  are 
sp lit o ff as ca tio n s can  a lk y la te  th e  try p to p h a n e  residue(s) in  p e p tid e s  [10].

Table I

P r e p a r a t io n  o f  T b h  d e r iv a t iv e s

Derivative Method Yield,
%

M.p. °c

Z-Gly-NH-Tbh (VII) A 95 124— 126

Z-Asn(Tbh)-ONB (VIII) A 83 1 4 5 -1 4 7

Z-Asn(Tbh)-ONB (VIII) В 75 1 4 4 -1 4 6

Z-Gln(Tbh)-OMe (IX) A 88 111— 112

Z-Gln(Tbh)-OMe (IX) В 80 111— 112

Z-Trp-Asn(Tbh)-Gly-OMe (XIX) C 65 155— 158

M ethods: activated  ester V (A); free carboxylic acid -f- VI -f- DCC (B ); Z-Trp -f- 
+  Asn(Tbh)-Gly-OM e - f  DCC (C).
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Table П

T r a n s fo r m a t io n  o f  T b h  d e r iv a t iv e s

Product Starting material Type of 
reaction*

Yield, % M.p., °C

H -G ly-N H -T bh  (X) (VII) H 95 119— 120

Z -A sn(T bh)O H  (XI) (VIII) s 76 84 85

Z-Asn(Tbh)O TCP (XIII) (XI) DCC 88 —

Z-G ln(Tbh)O H  (XII) (IX) s 95 95— 97

Z-G ln(Tbh)O PCP (XIV) (XII) DCC 90 —
Z-Asn(Tbh)-G ly-O M e (XV) (XIII) +  Gly-OMe AEC 95 1 2 6 -1 2 7

H -Asn(Tbh)-G ly-O M e (XVa) (XV) H 90 92— 94

Z -G ln(T bh)-L eu-N H 2 (XVI) (XIV) +  Leu-NH 2 AEC 72 152

Z-G ln(Tbh)-Phe-O M e (XVII) (XII) +  Phe-OMe DCC 86 1 3 4 -1 3 5

Z-G ln-Phe-O M e (XVIII) (XVII) TFA 94 —
Z-Trp-Asn-Gly-OM e (XlXa) (XIX) TFA cca. 30 —

Z-Trp(Tbh)-Asn-Gly-OM e (XlXb) (XIX) TFA cca. 30 —

Z-Trp(Tbh)-Asn-Gly-OM e (XIXc) (XIX) TFA cca. 30 —

* H  =  H ydrogenolysis; S =  saponification; DCC =  DCC coupling; AEC =  activated  
ester cou p lin g; T F A  =  acidolysis in  T FA /C H 2C12

Table III
A c i d  la b i l i ty  o f  th e  T b h  g r o u p  o f  p e p t id e  a m id e s a

Splitting mixture** Time required for 
complete removal a t 20 °C

80% TFA in chloroform

80% TFA in water

50% TFA in dichlorom ethane

25% TFA in dichlorom ethane

10% TFA in chloroform
2JV HC1 in ethanol

31V HC1 in water

2N  citric acid in aqueous DMF

3N  oxalic acid in aqueous DMF

5 m in  

15 mine 

30 mine

6 h  

24 h

stab le for 24 h 

stab le for days 

stab le for days 

stab le for weeks

a C om plete cleavage of the M bh group with the m ixture of TFA/anisole (9 ; 1) recom 
m ended [7] requires 2 —3 h at 20 °C or 5 m in at 70 °C (cca. 1 m m ole M bh-protected am ino  
acid or p ep tid e  amide in 7 ml m ixture).

ь 1 m l/0 .5  m m ole T bh-protected peptide amide. 
c L ess th an  5 m in in the case o f  Tbh-protected am ino acid amides.

As T b h  is sp li t  off in th e  form  o f  te tra m e th o x y b e n z h y d ry l ca tio n , i t  also a t ta c k s  
th e  in d o le  rin g . W hen try in g  to  c leave  T bh  from  T rp -c o n ta in in g  pep tid es , th e  
d e s ired  p ro d u c t  w ere o b ta in ed  in  a b o u t 30%  y ie ld  o n ly . T he a lk y la ted  p ro d u c ts
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ap p e a re d  in  th e  sam e y ie ld , an d  so m etim es a  n in h y d rin e -p o sitiv e  com pound  
w as also fo rm ed  in  30%  yie ld . T h is m ean s th a t  w hile sp li t t in g  o ff  th e  T bh 
g ro u p , th e  b en zy lo x y carb o n y l fu n c tio n  also w as p a r tly  cleaved .

T hus th e  genera l use o f  th e  new  p ro te c tin g  group is rec o m m e n d e d  for 
th e  syn th esis  o f  am ide  g roup  co n ta in in g  p ep tid e s  in  th e  absence o f  try p to p h a n e  
residues.

Experimental

2 ,2 ’,4 ,4 ’-Tetram ethoxybenzophenone (III)

2 ,4-D im ethoxybenzoic acid (55 g; 0.3 m ole) and 45 g (0.35 m ole) o f resoricnol dim ethyl 
ether were thoroughly m ixed w ith  210 m l o f com m ercial polyphosphoric acid , and the thick  
suspension was heated on a steam  bath for 10 m in. During the reaction a deep purple colour 
appeared and the m ixture becam e clear. The reaction  mixture was poured o n to  crushed ice 
and after standing for a few  hours the precipitated pink crystals were collected , w ashed  succes
sive ly  w ith water, 5% aqueous N a H C 0 3 solution  and water until the filtrate  becam e neutral. 
T he w et cake was dissolved in  ethanol and w ater was added just to m ake the so lu tion  cloudy. 
A lm ost colourless crystals separated. After filtering and washing w ith water, th e  w h ite  powder 
w as allowed to stand over Р 20 3 till atta in ing constant weight. Yield 91% , m .p . 135 — 136 °C 
(lit. [8] 38% , m .p. 1 3 4 - 1 3 6  °C).

C17I1180 5 (302.3). Calcd. C 67.53; H 6.00. Found C 67.48; H 6.05% .

2 ,2’,4 ,4 ’-Tetram ethoxybenzophenone oxim e (IV)

A solution of 30.2 g (0.1 m ole) o f III, 19 g (0.264 mole) o f hydroxyam m onium  chloride 
and 21.4 ml (0.264 m ole) of pyridine in  150 m l ethanol was refluxed for 3 h. A fter  evaporating  
the so lvent the syrupy residue was dissolved in 200 m l CHC13 and 200 m l w ater. The organic 
layer was washed w ith 2%  aqueous citric acid so lution , water, 5% N a H C 0 3 so lu tion  and again 
w ith  water, and dried over anhydrous sodium  su lfate. CHC13 was rem oved in vacu u m  and the 
residue triturated w ith  ether. On standing overn ight in a refrigerator, the oil crysta llized . After 
filtering and washing w ith ether the w hite crystals were dried to yield 27.3 g (86% ) o f the prod
u ct, m .p. 144 — 145 °C.

C17H J90 5N  (317.4). Calcd. C 64.34; H 6.03; N  4.41. Found C 64.45; H  6 .14; N  4.48% .

2 ,2 ’,4 ,4’-Tetram ethoxybenzhydrylam ine (V ) and its pentachlorophenolate sa lt (V I)

Compound IV (21 g; 66.2 m m oles), 20 g (0.306 g-atom ) of activated  z in c dust, 2.4 g 
(31 m m oles) o f am m onium  acetate and 350 m l o f concentrated am m onium  hyd roxid e were 
placed into a round-bottom ed flask  and 75 m l o f ethanol was added. The m ixture w as refluxed  
in  a w ell-ventilated  hood for 4 h. During th is tim e the suspension becam e an em ulsion  of the 
desired am ine. A fter rem oval o f the ethanol, the suspension o f zinc, zinc ox id e  and solid 
Tbh — N H 2 was filtered, and the filter cake w as extracted  twice w ith ether. The etherea l solution  
was dried and the so lvent evaporated. The ye llow  oily residue (V) was d isso lved  in  200 ml 
anhydrous ether and 19 g (71.5 m m oles) o f pentachlorophenol was added. A w h ite , amorphous 
precipitate separated. A fter filtering and w ashing w ith  ether the salt (VI) w as dried over paraf
fin  turnings to y ield  28.3 g (75% ) of the product, m .p. 88 —90 °C.

C23H24N 0 6C16 (569.7). Calcd. C 48.47; H 4.24; N  2.46. Found C 48.49; H  4.23; N  2.46%.

Z -G ly-N H -Tbh (V II)

Z-Gly-OTCP (0.74 g; 1.9 m m oles) and 1.08 g (1.9 m m oles) o f V w ere dissolved in 
2 m l o f DMF and allow ed to react a t room  tem perature for 2 h. After rem oval o f  the solvent 
the o ily  residue was taken up in  20 m l ether and 20 ml water was added. The protected  amide 
separated, and after filtering and washing w ith  ether it  was recrystallized from  e th y l acetate -  
ether to obtain 0.92 g (98% ) o f VII, m .p. 124 — 126 °C.

CjjH soOjN j (494.6). Calcd. C 65.58; H  6.11; N  5.66. Found C 65.66; H  6.07; N  5.81%.
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Z - A s n  (T bh)-O N B  ( V I I I )

Z-Asp (OTCP)-ÖNB (1 .2 8  g; 2.2 mmoles) and 1.25 g (2 .2  m m oles) of V were dissolved  
in 3 m l o f DMF and allowed to  rea c t as above. The protected  crude ester was crystallized from  
eth a n o l -  water. Yield 1.25 g  (8 3 % ), m .p. 145 °C.

C36H 370 i,N 3 (687.7). Calcd. C 62.88; H 5.42; N  6.11. F ound  C 62.94; H 5.63; N  6.21% .

Z -G ln (T b h )-O M e  ( I X )

Z-Glu (OPCP)-OMe (1 .28  g; 2.36 mmoles) and 1.35 g (2 .4  m m oles) o f V were allow ed  
to  react as described above. T he product was obtained as w h ite  crystals from CHC13 -  n- 
hexan e in  a yield of 1.2 g (88% ), m .p . 111 — 112 °C.

C3iH 360 9N2 (580.6). Calcd. C 64.12; H 6.25; N  4.84. F ound  C 64.26; H  6.44; N  4.83% .
The protected am ides V III and  IX could be prepared b y  the DCC condensation of the  

free ß- or y-COOH containing d er iva tives and VI; the y ie ld s are som ewhat lower than those  
o f  th e  activated  ester couplings. T he reactons were carried o u t as follows: 10 mmoles of free 
acid and  10 mmoles of VI were d isso lved  in 10 ml of CHC13; th e  solution  was chilled in ice to  
5 °C w ith  stirring, and 10 m m oles o f  DCC was added. The m ixtu re  was allowed to react a t 5°C 
for 1 h , and then 1 more at 20 °C. D C U  was filtered off, the so lv en t evaporated and the residue 
cry sta llized  from CHC13 — h ex a n e . T he yields were 75 and 85%  respectively; m .p.’s and ana
ly tic a l data  were the same as a b o v e .

G ly-N H -T bh  (X )

Compound VII (1.3 g; 2 .65 m m oles) was dissolved in  10 m l of DM F, Pd-on-charcoal 
w as added , and the solution w as hydrogenated at atm ospheric pressure. After 2 h the ca ta lyst  
w as filtered  off, the solution ev a p orated  in vacuum and th e  residue was triturated w ith ether. 
The product was crystallized from  m ethanol -  ether. Y ie ld  0.9 g (95% ), m .p. 119 — 120 °C.

C19H 240 5N2 (360.4). Calcd. C 63.32; H 6.71; N  7.76. F ou n d  C 63.27; H 6.98; N 7.84% .

Z -A s n (T b h )-O H  ( X I )

Compound VIII (1.25 g; 1.8 m m ole) was dissolved in  10 m l of m ethanol and 1 m l o f  
4 M  N aO H  was added. The so lu tio n  becam e clear in a few  m in u tes. A fter 3 h the solution w as 
evaporated  to dryness, the residue w as triturated w ith ether, th e n  w ith  5% aqueous citric acid  
ro lu tion , filtered, and w ashed w ith  w ater to obtain a w h ite  am orphous powder. This was re
crysta llized  from m ethanol -  eth er  to  yield 0.75 g (76% ) ot X I , m .p. 84 — 85 °C.

C29H 320 9N2 (552.6). Calcd. N  4 .97 . Found N 5.07% .

Z -G ln (T b h )-O H  ( X I I )

Compound IX  (0.69 g) w as trea ted  as above to y ie ld  0 .64  g (95% ) of X II  m.p. 95 —97 °C. 
C30H 34O9N2 (566.6). Calcd. C 63.59; H 6.05; N 4.94. F ou n d  C 63.35; H  6.11; N  5.01% .

Z - A sn (T b h )-O T C P  ( X I I I )

Compound X I (5.52 g; 10 m m oles) was dissolved in  20 m l o f DM F, 2.2 g (11 m m oles) 
o f  2,4,5-trichlorophenol was add ed , and  the solution was cooled  to  5 °C. DCC (2.3 g; 11 m m oles) 
w as added  w ith stirring in severa l portions and the reaction m ixtu re  was stirred for 1 h at room  
tem p erature. DCU was filtered  o ff  an d  the solution concentrated  to  a sm all volum e. Ether w as 
added  and the filtered am orphous activ a ted  ester was w ashed w ith  ether and dried; yield 6.44 g  
(88%).

C35H 330 9N2C13 (732.0). Calcd. Cl: 14.45; N 3.83. F ou n d  Cl 14.47; N  3.87%.
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Z-Glu(Tbh)-OPCP (X IV )

DCC (2 g; 9.7 m m oles) was added, in several portions to a cooled solution of 5 g (8.82 
m m oles) o f XII and 2.66 g (10 m m oles) o f pentachlorophenol in 20 m l o f CHC13; the m ixture 
was treated then as above to  obtain 5.4 g (75% ) of XIV.

C3eH 330 9N2Cl6 (814.9). C 53.05; H 4.08; N  3.44. Found C 53.33; H  4.04; N  3.38% .

Z-Asn(Tbh)-Gly-OM e (X V )

Compound XIII (14 g; 19 m m oles) was added to a solution  o f 2.51 g (20 m m oles) o f  
m eth yl glycinate hydrochloride and 2.8 ml (20 m m oles) o f N E t3 in  20 m l of DM F and the solu
tion  was allowed to stand  3 h at room  tem perature. A fter evaporating the so lvent ether was 
added, and the separated crystals were collected, w ashed w ith  ether and recrystallized from  
CHC13 -  ether to y ield  11.8 g (95% ) of XV, m .p. 127 °C.

C32H 37O10N 3 (623.7). Calcd. N  6.73. Found N  6.69% .

Asn(Ibh)-G ly-O M e (X V a)

XV (3.6 g; 5.6 m m oles) in 20 m l of DM F was hydrogenated in  the presence of Pd-on- 
charcoal. After 2 h the ca ta ly st was filtered off, the so lution  was evaporated , and the residue 
crystallized from m ethanol — ether. Yield 2.54 g (90% ), m .p. 9 2 —94 °C.

C26H 330 8N 3 (503.5). Calcd. N  8.35. Found N 8.29% .

Z-G ln(Tbh)-Leu-NH , (X V I)

To a solution o f 0.78 g (6.2 m m oles) o f lfeucine am ide in  10 m l of DM F, 4.76 g (5.95  
m (m oles) of XIV was added and the reaction m ixture w as worked up as usual. Yield 3.03 g  
72% ), m.p. 152 °C.

С з Д Д Я ,  (678.8). Calcd. N  6.19. Found N  6.22% .

Z-Gln(Tbh)-Phe-OM e (X V II)

Phe-OMe. HC1 (0.5 g; 2.3 m m oles) in  10 m l o f DM F was treated  w ith  0.32 m l (2.3 
m m oles) o f N E t3 and 1.14 g (2 m m oles) o f XII was added. The solution  was cooled to 5 °C, 
0.6 g (2.3 m m oles) o f DCC was added, and the m ixture w as allow ed to stand for 1 h at 5 °C and 
1 h more at 20 °C. DCU w as filtered off and the so lvent evaporated. The residue was taken up 
in  20 m l of CHC13 and w ashed successively w ith 5% aqueous citric acid solution, water, 5%  
aqueous N aH C 03 solution  and water; the organic layer w as then dried and concentrated to  a 
sm all volum e. Ether was added and the substance which precip itated  was filtered off, washed  
w ith  ether and dried to  obtain  1.25 g (86% ) of the product, m .p. 134 — 135 °C.

C40H45O10N 3 (727.8). Calcd. C 66.02; H 6.23; N  5.77. Found C 66.05; H  6.44; N  5.66% .

Illustrative deprotection

Compound XVII (0.72 g; 1 m m ole) was dissolved in  0.5 m l o f CHC13 and 1.5 ml of T FA  
was added. After 15 m in the solvents were evaporated in  vacuum  at 20 °C and the residue w as 
rubbed with ether, filtered  and washed. Z-G ln-Phe-NH 2 (XVIII) thus obtained could be crystal
lized from m ethanol — ether. Y ield 0.44 g (94% ), m .p. 155 — 166 °C.

C23H270 6N 3 (441.5). Calcd. C 62.57; H  6.61; N  9.51. Found C 62.44; H 6.21; N  9.48% .

Z-Trp-Asn(Tbh)-Gly-OM e (X IX )

Asti (Tbh)-Gly-OM c (XVa) (4.88 g; 10 m m oles) and 3.4 g (10 m m oles) o f Z-Trp-OH were 
dissolved in 20 ml o f DM F and 5 g (10 m m oles) of DCC • 3 H O PCP com plex was added at 0 °C. 
After stirring for 4 h, DCU was filtered off, the so lvent evaporated and the residue triturated  
w ith  ether to y ield  4.95 g (65% ) o f XIX.

C43H47Ou N5 (809.9). Calcd. N 8.64. Found N  8.55% .
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D e p ro te c tio n  o f  Z -T rp -A sn (T b h )-G ly -O M e  (X IX )

100 m g each of XIX was d issolved  in  1 m l o f the following so lvent system s:
T F A -w ater-ind o le  ( 8 : 1 : 1 )
80%  T FA  in m ethylene chloride
T F A -w ater-m ercaptoethan ol (70 : 15 : 15)
A fter  30 min the reactions show ed identical patterns on TLC (eth yl a ceta te -p y r id in e-  

a cetic  a c id -w a ter  72 : 1.5 : 0.45 : 0 .82 ), i.e. the  sam e three spots appeared w ith  R t  values of 
0.14  — 0 .26 ,
0.29 — 0.31  and
0 .4 9 —0 .61  respectively.

T he lower spot (R j 0.14 — 0.26) gave a positive reaction w ith  ninhydrine ind icating that 
the p ep tid e  had lost its benzyloxycarbonyl function  during deprotection. E lem entary analysis 
o f th e  iso la ted  m aterial (20 mg; a b ou t 30% ) ind icated  a structure of Trp(Tbh)-Asn-GlyOM e.

C36H 410 9N 5 (675.6). Calcd. C 62.21; H  6.12; N  10.36. Found C 62.28; H  6.21; N  10.31% .
T he second spot (Rr 0 .29—0.31) w as found to be the desired, partially  deprotected peptide  

Z-Trp-Asn-G ly-O M e; yield 20 m g (30% ).
C2eH 290 7Ns (523.5). Calcd. C 59.64; H  5.58; N  13.37. Found C 59.72; H  5.62; N  13.33% .
T he third product (25 mg; 25% ) represented by the fastest m oving spot (R j  0.49 — 0 .6 l)  

had th e  sam e elem entary analysis as the starting m aterial Z-Trp-Asn(Tbh)-Gly-OM e, the R j  
va lue  o f  th e  latter was, however, higher (0 .7 7 —0.83). O bviously, the leaving Tbb cation  alkyl
ated  th e  tryptophane ring thus th e  m olecular w eight and elem entary analysis data remained  
u n ch an ged , bu t the m obility decreased due to  the free amide function.

C43H 47Ou N 6 (809.9). Calcd. C 63.77; H  5.85; N  8.65. Found C 63.70; H  5.88; N  8.64% .
D eprotection  of XIX w ith  m ercaptoethanesu lfon ic acid (3.5M  in acetic acid) afforded 

th e  desired  and the transalkylated products, i.e. Z-Trp-Asn-Gly-OMe and Z-Trp(Tbh)-Asn- 
G ly-O M e, in  the same proportion.^
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The conform ation and configuration of som e JV-substituted b isp id-9-ones and 
bispidin-9-ols were investigated  through analysis o f the results obtained from  dipole 
m om ent and PM R m easurem ents.

The chair-boat form  was found to be the predom inant conform ation of both  the 
9-keto and 9-hydroxy derivatives. The application of lanthanide shift reagents provided  
a useful m ethod to assign the relative configuration of the C(9) atom  in the case of 
asym m etrically iV-substituted bispidin-9-ols.

Introduction

T he co n fo rm atio n  o f com pounds h av in g  b icy c le -[3 .3 .l jn o n a n e  carbo- 
cyclic ring  s tru c tu re  has been re la tiv e ly  w ell estab lished , and  th e ir  ch a ir-ch a ir 
fo rm  w as found  ex p e rim en ta lly  [2] an d  th eo re tica lly  [3] to  be th e  m o st stab le  
one . C onform ations o f  th e  3 ,7 -d iaza  analogues have  been , in  c o n tra s t ,  less 
s tu d ie d , and  th e  re su lts  o b ta in e d  p rev io u sly  b y  d ifferen t a u th o rs  [1, 4 — 6] are 
n o t  fu lly  co n sis ten t. T he m ain  ta sk s  are to  fin d  o u t th e  p ro b ab le  co n fo rm atio n  
o f  th e  s ix -m em bered  rings and  th e  s teric  o rie n ta tio n  o f th e  iV -su b stitu en ts  in  
th e  9-keto  com pounds, m oreover to  rev ea l th e  C (9)-configuration  o f th e  a sy m 
m e trica lly  iV -su b stitu ted  9 -h y d ro x y  d e riv a tiv e s .

In  th is  p a p e r  we describe th e  re su lts  o b ta in ed  from  dipole m o m en t m eas
u rem en ts  an d  p ro to n  m ag n etic  resonance  s tud ies on th e  3 ,7 -d iin e th y l- and  
3 -m eth y l-7 -e thy l-3 ,7 -d iazab icyc lo [3 .3 .1 ]nonan-9 -ones (I, II) [4] a n d  th e ir  
9 -h y d ro x y  d e riv a tiv e s  (III , IV, V) [7]. F o r  th e  sake of b re v ity , th e  b icyclic 
sk e le to n  of th e se  com pounds w ill be n am ed  b isp id ine , follow ing M a n n ic h ’s 
n o m en c la tu re  [8].

Results

T he m easu red  d ipole m o m en ts  w hose m ag n itu d es depend  on th e  re la tiv e  
s te r ic  position  o f  th e  d ip o la r chem ical bo n d s, are  show n in T ab le  I.

• Part I, see Ref. [1]
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R . Дг Вз R i

I CH3 СНз = 0

11 CHn CiH5 = 0

III CH3 СНз Н(ОН) ОН(Н)

IV СН з С2н6 он н
V СНз С2Н5 н он

I n  o rd e r to  d e te rm in e  th e  p robab le  co n fo rm a tio n  o f th e  am ino-ketones 
I a n d  II, th e  dipole m o m en ts  o f  th e  possible co n fo rm a tio n s  w ere also ca lcu la ted  
from  th e  m o m en ts  o f  th e  in d iv id u a l d ip o la r g roups. I n  o u r ca lcu la tions th e  
b o n d  m o m en ts  /ic=o  =  3.10 D  an d  (Rnr3 — 0.80 D o b ta in e d  p rev iously  [9, 10] 
w ere  ap p lie d . T he b o n d  angles were reg a rd ed  as te tra h e d ra l .  O nly  th o se  con
fo rm a tio n s  w ere ta k e n  in to  consid era tio n  w h ich  cou ld  be  co n stru c ted  w ith

Table I

E xperim ental results o f dipole moment measurements*

Compound ап

3,7-D im ethylbispid-9-one, I 7.26 0.10 3.38 D
3-M ethyl-7-ethylbispid-9-one, II 7.20 0.06 3.46 D

3,7-D im ethylbispidin-9-ol, П1 3.52 0.00 2.35 D

3-M ethyl-7-ethylbispidin-9/9-ol, TV 3.32 0.09 2.34 D

3-M ethyl-7-ethylbispidin-9a-ol, V 3.22 0.06 2.32 D

* Measured in benzene solution  at 25.0 C
** ал is defined as the slope o f the straight line fun ction  o f dielectric constant increm ents 

of benzene solutions versus th e  concentration expressed in  w eight fraction of the so lute, w2 
(A s  =  ae • w 2)

+ an is defined sim ilarly as as for increm ents in  quadratic refractive indices, n 2 (A n 2 =
=  a n  ■

+ + Calculated by the equation:

27 k T  M
_  4n N  ' (£l +  2 )2 dl ' (a‘

an) [1 6 ] .
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D re id in g  m odels. T h e  c h a ir  (C) and  b o a t (B) con fo rm ation  o f th e  six -m em bered  
rin g s an d  th e  axia l (a) o r equatorial (e) s te ric  positio n  o f th e  a lk y l g ro u p  a ttach ed  
to  th e  te r tia ry  n itro g en  a to m  w ere v a ried  w hen estab lish in g  th e  conform ers. 
T h e  ca lcu la ted  d ipole m o m en ts  agree w ith  th o se  ca lcu la ted  fo r  1 ,5-diphenyl- 
lV,lV,-d im eth y lb isp id -9 -o n e  [1] an d  are  sum m arized  in  T ab le  I I .

Table II

C alculated  d ipo le  m o m en ts  o f  the 
N . N ’-d im e th y lb isp id o n e  conform ers*

Conformation CC„ ccee C Bee CB„ CBae CBea BBee BBeo BBatJ

Dipole moment (D) 2.17 2.53 3.43 3.51 2.17 2.53 4.63 3.51 2.17

* Abbreviations: C =  chair, В =  boat, e =  equatoria l, a =  a x ia l

In  th e  P M R  sp e c tru m  o f I, th e  IV -m ethyl g roups show  o n ly  one sharp  
s in g le t a t  room  te m p e ra tu re . T he m e th y len e  an d  th e  b rid g e h e a d  p ro to n s  have 
a b ro a d  and  h ig h ly  com plex  m u ltip le t. S im ilarly , in  th e  s p e c tru m  o f II a 
s in g le t and  a tr ip le t  can  be found , due to  th e  N — C H 3 an d  th e  N — CH2CHS 
g ro u p s , respective ly .

In se rtio n  o f th e  h y d ro x y l group  in to  th e  C(9) p o sitio n  in flu en ces the 
ch em ica l sh ifts o f th e  iV -alkyl g roups d iffe ren tly . T he a b so rp tio n  lines of the 
co m p o u n d s in v e s tig a te d  are  assem bled  in  T ab le  I I I .

Table HI

P M R  spectra l data* o f  N ,N '-d ia lk y lb is p id in e s

Compound N—CH, N—CH tC H ,
C—CH8—N,

1
—CH—

C(9)-H

iV,iV,-Dimethylbispid-9-one, I 
JV-Methyl-lV’-ethylbispid-9-one, II

2.24 s
2.24 s 1.00 t

2.35 3.22 m 
2.30 3.20 m

!V,lV’-Dimethy]bispidin-9-ol, III 2.15 s 
2.14 s 1.85— 3.02 m 3.40 t

iV-Methyl-iV’-ethylbispidin-9/7-ol, IV 2.11 s 0.95 t 1.83 3.20 m 3.35 t
7V-Methyl-iV,-ethylbispi(lin-9a-ol, У 2.15 s 0.97 t 1.80 3.20 m 3.35 t

* Chemical shifts in ppm (<5 scale)

In  th e  s tu d y  o f  th e  co n fo rm atio n  o f III, and  th a t  o f  th e  con figu ra tions 
o f  IV and  V b y  N M R  sp ec tro scopy , th e  ap p lica tio n  of la n th a n id e  sh if t  reagents 
(L S R ) has p ro v ed  h e lp fu l. T he m ag n itu d es  o f  th e  la n th a n id e - in d u c e d  shifts
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F ig .  1. LIS values vs. the molar ratio Eu (fod)3/3,7-dimethylbispidin-9-ol (111)

F ig . 2 . L IS values of the IV-alkyl groups vs. the LIS of the C(9) — H proton in compounds
LV (solid lines) and V (dotted lines)

(L IS ) o f  th e  IV-alkyl g roups a re  d is tin c tly  d iffe ren t, p e rm itt in g  conclusions 
a b o u t th e  s tereochem istry  o f  th e  su b s tra te  u n d e r e x a m in a tio n . U pon ad d in g  
a k n o w n  a m o u n t of th e  f lu o rin e  co n ta in in g  shift re a g e n t E u (fo d )3, th e  g rea te s t 
in d u c e d  sh ield ing  was e x h ib ite d  b y  th e  OH p ro to n . L ikew ise , th e  signal o f th e  
C(9)— H  w as also s trong ly  s h if te d , b u t  som ew hat less th a n  th a t  o f th e  fo rm er. 
T h is p ro v e s  th a t  com plex fo rm a tio n  takes place b e tw e e n  th e  L S R  an d  th e  
h y d ro x y l group  of com pounds III, IV and V. The p lo t o f  th e  L IS  aga in st th e  
ra tio  L S R /su b s tra te  in  th e  ca se  o f  IV,iY’-d im eth y lb isp id in -9 -o l (III) gave a 
n e a r ly  s t r a ig h t  line for th e  d if fe re n t kinds of p ro to n s  as illu s tra te d  in F ig . 1.
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As th e  effect o f L S R  is v e ry  m a rk e d ly  influenced even by  tra c e s  o f  m ois
tu re , w hich  m igh t occur in  th e  sam ple , so lv en t, NM R tu b e , etc., in  o rd er to  
o b ta in  com parab le  L IS  d a ta  for isom ers IV  and  V, th e  in d u ced  sh ifts  were 
p lo tte d  in  a n o th e r m a n n e r th a n  u su a lly  d one ; th e  shifts o f th e  iV -alkyl groups 
w ere p lo tte d  against th e  sh if t o f th e  C(9)— H  p ro to n  (Fig. 2), h a v in g  ta k e n  into 
co n sid e ra tio n  th a t  th e  s ite  o f  co m p lex a tio n , i.e. th e  C(9)— O H  g ro u p , is in  the 
sam e en v iro n m en t in  b o th  m olecules an d , in consequence, an  id e n tic a l effect 
o f th e  E u  a to m  on th e  C(9)— H  p ro to n  can  be  expected .

D iscussion

A n a ly s is  o f  the dipole moments. The conformation o f  b ispid-9-ones

C om parison o f th e  m easu red  (T able I) an d  ca lcu la ted  (T ab le  I I )  dipole 
m o m en ts  m akes possib le  to  fin d  th e  p ro b ab le  conform ation(s) am ong  the 
d iffe ren t possible geom etries. In  th is  w ay  th e  conform ations C B ee, CBae and 
B B ea (for ab b rev ia tio n s  cf. T ab le  I I )  shou ld  be tak en  in to  co n sid e ra tio n . The 
ap p ea ran ce  o f th e  p o o rly  reso lved , h ig h ly  com plicated  “ e th y le n e  envelope” 
betw een  d 2.3— 3.2 p p m  does n o t p rec lu d e  u n am biguously  th e  p o ssib ility  of 
th e  B B ca form , nev erth e less  th e  ex istence  o f b o th  six -m em bered  rin g s  in  boat 
co n fo rm atio n , because o f  th e ir  u n fav o u rab le  steric  s tru c tu re , sh o u ld  be con
sidered  slig h tly  p ro b ab le . A lthough  th e  m ore  stab le  chair fo rm  o f  six -m em bered  
rings [11] is p re sen t in  th e  tw in -ch a ir con fo rm ation  CC, th e  d ip o le  m om ent 
d a ta  in d ica te  th a t  to  be  un likely .

As a re su lt i t  can  be concluded  th a t  iVjiV’-d im eth y lb isp id o n e  (I) has a 
c h a ir-b o a t con form ation . T he tw o k in d s o f  th e  CB confo rm atio n s a re  charac
te rized  b y  dipole m o m en ts  o f  essen tia lly  th e  sam e m ag n itu d e , h e n ce  differen
tia tio n  betw een  th e m , in  o th e r w ords th e  ex ac t d e te rm in a tio n  o f  th e  steric 
o rie n ta tio n  of th e  lone p a ir  on th e  te r t ia ry  n itro g en  a tom  b y  an  an a ly s is  of the  
d ipole m om en ts, c a n n o t be  a n tic ip a te d  a t  all. I t  is well kn o w n  t h a t  n itrogen  
inversion  read ily  ta k e s  p lace  a t  room  te m p e ra tu re  [12], a n d  th e  IV-methyl 
g roup  fav o u rs  th e  equatorial s ite  a t  eq u ilib riu m  [13, 17]. T here fo re , b y  analogy, 
i t  can  be  said  th a t  iVjlV’-d im e th y lb isp id ^ -o n e  assum es a c h a ir -b o a t conform a
tio n  w ith  equatorial iV -m ethyl su b s titu e n ts . This conclusion is in  accordance 
w ith  o u r resu lts  [1] o b ta in e d  p rev iously  fo r LS-diphenyl-iV jiV ’-d im eth y lb isp id - 
9-one. T h e  pheny l g roups h av e , th e re fo re , no serious in fluence  o n  th e  confor
m a tio n  o f th e  d iazab icyclic  rin g  system  stu d ied .

T he sim ple P M R  sp ec tru m  o f l,5-diphenyl-iV ,iV ,-d im ethy lb isp id -9 -one  
described  p rev iously  [1] w as in te rp re te d  b y  a rap id  CB BC r in g  inversion 
re su ltin g  in  a tim e-av e rag ed  AB p a tte rn  for th e  C II2 groups. I n  th e  p resen t 
case th e  spin  system  is m ore  co m p lica ted  an d  does n o t a llow  a  f irs t  order
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a n a ly s is  o f  th e  spectra. T h e  r a p id  equilibrium  b e tw e e n  th e  ch a ir and  b o a t fo rm  
seem s, how ever, very  lik e ly .

T h e  dipole m om ent o f  IY-methyl-7V’-e th y lb isp id -9 -o n e  (II) (3.46 D ) is 
n e a r ly  e q u a l to  th a t  o f JV,lV,-d im ethy lb isp id -9 -one (I). O bviously , its  con fo r
m a t io n  agrees w ith th e  CB conform ation  o f th e  d im e th y l d e riv a tiv e  (I), 
b e a r in g  in  m ind the  s im ila r s l ig h t  difference b e tw e e n  th e  dipole m om en ts o f 
iV -m eth y l- and iV -e thy lp iperid ine  (0.80 D and  0.77 D , respective ly ) [10].

Conformation a n d  configuration o f  b isp id in-9-o ls

T h e  m ethy l groups o f  iV,iY’-d im ethy lb isp id in -9 -o l (III) show m ark ed ly  
d if fe re n t  behav iour in  th e  P M R  s tu d y  carried  o u t in  th e  presence o f E u (fo d )3 
(F ig . 2). A s th e  strongest e ffe c t o f  th e  shift re a g e n t ca n  be observed in  th e  case 
o f  t h e  O H  pro ton , i t  can  b e  in fe rre d  th a t  th e  s ite  o f  th e  coord ination  is th e  
o x y g e n  a to m . This suggestion  is  supported  b y  th e  f a c t  t h a t  th e  C(9)— H  p ro to n  
d isp la y s  a g rea ter sh ift th a n  th e  pro tons o f an y  o th e r  k in d  in  th e  m olecule. 
C o n s id e rin g  the  chair-chair fo rm  o f iV,iV,-d im eth y lb isp id in -9 -o l (HI), ow ing to  
th e  n e a r ly  sim ilar d is tan ces  b e tw e e n  the E u  a to m  a n d  th e  CH3 groups, one 
w o u ld  su sp e c t th e ir n ea rly  e q u a l  shielding. In  fa c t, o n e  o f  th e  IV-methyl g roups 
sh o w s a n  app rox im ate ly  2 .5 -fo ld  g reater in d u ced  sh ie ld in g  th a n  th e  o th e r. 
T h is  o b se rv a tio n  m ight be ra tio n a liz e d  w ith  a c h a ir -b o a t conform ation  o f  HI,

in  w h ic h  th e  m ethyl g roup  o f  th e  b o a t ring  is p o s itio n e d  in  th e  p ro x im ity  o f 
th e  O H  group .

A ssum ing  th a t  th e  in te r a c t io n  o f lan th an id e  co m p lex es is p red o m in an tly  
p s e u d o c o n ta c t ,  the  m a g n itu d e  o f  th e  LIS is in v e rse ly  p ro p o rtio n a l to  th e  cube 
o f  t h e  av e rag e  d istance fro m  th e  m e ta l ion [14]. I f  th e  ang le  te rm  is reg a rd ed  
as c o n s ta n t ,  th e  LIS d ep en d s  o n  th e  d istance p a ra m e te r  only , w hich can  be 
e x p re sse d  in  a sim plified fo rm  a s  Av  = 6/r3.

I f  w e tak e  for th e  b o n d  le n g th  E u— 0  2.45 Á  [15], an d  th e  E u  a to m  is 
a s su m e d  to  lie in the  b isec to r  o f  th e  C(9)— 0 — H  a n g le  in  th e  sy m m etry  p lan e  
o f  th e  m olecu le , th e  re su ltin g  d is ta n c e s  of th e  m e th y l g ro u p s  m easured  from  th e
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E u  a to m  are a p p ro x im a te ly  5.5 and  7.1 Á  (see th e  p e rsp ec tiv e  f ig u re  o f III). 
C onsidering  such  a g eo m etry , th e  ra tio  o f  th e  L IS  o f  th e  iV -m ethy l groups 
ca lcu la ted  b y  th e  above eq u a tio n  w ould  be  a b o u t 2.2. As th e  o b se rv e d  ra tio  of 
th e  L IS  values is so m ew h at g rea te r, i t  m a y  be  assum ed th a t  th e  n itro g e n  atom  
in  th e  ring  o f th e  b o a t fo rm  m ay  also assis t in  com plexing  w ith  L S R , resu lting  
in  a  p ronounced  d ifference betw een  th e  effects on  th e  iV -m ethyl g roups. I t  
sh o u ld  be n o ted  th a t  a lth o u g h  such  an  a p p ro ach  o f  d e te rm in in g  th e  positio n  of 
th e  E u  a tom  is n o t p recise , th e  geom etry  a rising  from  i t  is su ita b le  fo r decision 
b e tw een  th e  tw o a lte rn a tiv e s .

T he ex istence o f  III in  a ch a ir-b o a t con fo rm ation  w ith  a tra n sa n n u la r
N . . .O H  hydrogen  b o n d  is su p p o rted  b y  in fra red  sp ec tro sco p y . I n  a 0.1M  
CHClg so lu tion  th e  O H  ab so rp tio n  ap p ea red  a t  3270 cm -1 , w h ich  rem ained  
u n ch an g ed  upon  ten fo ld  d ilu tio n  and  no ab so rp tio n  b a n d  o f th e  free  O H  group 
n e a r  to  3620 cm -1 w as observed . T he ap p rec iab le  decrease in  th e  w av en u m b er 
o f  th e  O H  ab so rp tio n  can  be in te rp re te d  b y  th e  fo rm atio n  o f  a s tro n g  in tra 
m o lecu la r h y d rogen  b o n d  [6].

T he re la tiv e  co n fig u ra tio n  o f epim eric  3 -m ethy l-7 -e thy lb isp id in -9 -o ls  
(IV a n d  V) can  also be deduced  from  th e  P M R  sp ec tra  ru n  w ith  E u (fo d )3. The 
p lo t in  F ig . 2 c learly  suggests th a t  th e  C(9) ep im er show ing th e  la rg e s t N — CH3 
a n d  th e  least N — C H 2C H 3 lan th an id e -in d u ced  sh ifts shou ld  h a v e  ß* configura
tio n  (IV), and  th e  o th e r , h av in g  sim ilar m easures o f L IS  v a lu e s , b ea rs  con

se q u e n tly  th e  h y d ro x y l g roup  in  <x, position  (V). T he L IS  va lu es  o f  b o th  isom ers 
a re  in  a good ag reem en t w ith  th e  ap p ro x im a te  in tram o lecu la r d is ta n c e s  o b ta in 
ed b y  inspection  o f th e  D re id ing  stereom odels.

F u r th e r  a rg u m en ts  fo r th e  id en tica l con fo rm ationa l b e h a v io u r  o f the 
d iazab icyclic  alcohols HI, IV an d  V are  p ro v id ed  b y  th e  d ipole m o m e n ts  (Table 
I). A ltho u g h  i t  w as n o t  possible to  ad d  th e  in d iv id u a l g roup  m o m e n ts  vectori- 
a lly  due to  th e  fo rm a tio n  o f  in tram o lecu la r  hydrogen  b o n d s , th e  v e ry  good 
ag reem en t o f th e  d ipole m o m en ts  m easu red  in  benzene so lu tio n  rev ea ls  th a t  
th e se  com pounds h a v e  th e  sam e co n fo rm atio n , as ou tlin ed  ab o v e .

* The assignment of the C(9) configuration as a  and ß  is based on the JV-methyl-OH 
distance, as generally used in alkaloid chemistry.
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Experim ental

Synthesis of compands

Compounds I and II were prepared by known methods [4]; the procedure was, however, 
m odified and improved in this laboratory [7].

The !V,lV’-dialkylbispidin-9-ols were obtained from I and II by reduction and in the 
case o f II subsequent separation of th e  C(9) epimeric alcohols. The melting points were 130 — 
31 °C, 98 — 99 °C and 88 — 89 °C, for III, IV and V, respectively. A detailed description of the 
syntheses will be published elsewhere [7].

Measurements

The dipole moments were determined by measurement of the dielectric constants and 
the refractive indices in dilute benzene solutions at 2 MHz and 589 nm, respectively. The eval
uation of the experimental data and the instruments used have been described in detail pre
viously [16]. The as and an values, i .e . the slopes of the straight line function of the dielectric 
constants (s) and quadratic refractive indices (n2) versus the concentration of the benzene solu
tion are summarized in Table I.

A ll nuclear magnetic resonance spectra were recorded at 80 MHz on a Tesla BS 487 A 
spectrometer. The samples were dissolved in CDC13, and hexamethyldisiloxane was used as 
internal standard.

The shift reagent tris(6,6,7 ,7 ,8 ,8 ,8-heptafluoro-2,2-dimethyl-3,5-octanedionato) europium 
Eu(fod)3 was obtained commercially (Aldrich Resolve-Al EuFO D) and stored in a desiccator. 
During the LIS measurements the concentration of III was maintained at 1.60M (14.7 w /w % ).  
The molar ratio LSR/substrate was kept in the range 0.033 — 0.133. Extrapolation to the unit 
molar ratio yielded A S2.13 ppm, 5.50 ppm, 7.75 ppm and 19.38 ppm induced shifts for the 
N — CH3, N ’ — CH3, C(9)—H and OH protons, respectively. The concentration of the epimeric 
alcohols IV and V was about 1.50АГ (cca . 15 w /w % );  after adding the LSR, the molar ratio 
LSR/substrate varied in the range of about 0.1—0.3.
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4- and 3-Pyridinecarboxaldehyde and benzyl cyanide were converted  into 
l-pyridyl-l,4-d ihydro-3(2H )-isoquinolinones 1 and 8, respectively, in  P P A  having a 
high (84.0 or 82.8% ) P 20 5 equivalence, w hile in P PA  with a 76%  P20 6 equivalence the 
4-picolinyl-l-pyridyl-3(2H )-isoquinolinones, 2 and 10, respectively, w ere obtained in 
satisfactory yields. W hen using a shorter reaction tim e, 4-pyridinecarboxaldehyde gave 
the bis-am ide 4 too, while in the reaction o f 3-pyridinecarboxaldehyde th e  4-(3'-picoli- 
nylidene) derivative could also be isolated . It has been confirmed b y  th e  isotop ic  tech
nique th a t arylidene-bis(phenylacetam ide) can decompose in P P A  to  give phenyl- 
acetam ide and araldehyde in an equilibrium  reaction.

E a rlie r  th e  p re p a ra tio n  o f l-a ry l-l,4 -d ih y d ro -3 (2 H )-iso q u in o lin o n es  th a t  
can  be  reg a rd ed  as a new  group  o f an tico n v u ls iv e  agents [1, 2] w as  rep o rted ; 
fu r th e r , th e  reac tions o f d e riv a tiv e s , n o n -su b s titu te d  in positio n  4 , w ith  arom a
tic  a ld eh y d es in  th e  presence o f  s tro n g  bases yield ing l-a ry l-4 -b en zy l-3 (2 H )- 
isoqu ino linones th ro u g h  a 4 -benzy lidene  in te rm ed ia te  w ere d esc rib ed  [3, 4].

In  th e  course o f  th e  p re p a ra tio n  o f  l,4 -d ih y d ro -3 (2 H )-iso q u in o lin o n es it 
has been  supposed  th a t  th e  reac tio n  ta k e s  place th ro u g h  a b is -a m id e  in te rm e
d ia te  [5]; th is  b is-am ide  could  n o t be  iso la ted , y e t w hen  sy n th e s iz e d  in  an 
in d e p e n d e n t w ay , i t  ra p id ly  tra n sfo rm e d  in to  th e  co rrespond ing  isoqu ino linone 
in  1 : 1 po lyphosphoric  acid  (p rep ared  from  1 g of 85%  p h o sp h o ric  acid and 
1 g o f  p h o sphorus p en to x id e  b y  h e a tin g  th e  m ix tu re  a t 100 °C fo r 8 h  [6]).

In  an  ex tension  o f th e  reac tio n  to  heterocyclic  a ld eh y d es, th e  aldehyde 
co m p o n en t used f irs t  w as 4 -p y rid in eca rb o x y ld eh y d e  (Schem e 1). W h en  R  was 
a m e th y l g roup , th e  ex p ec ted  4 ,4 -d im eth y l- l-(4 -p y rid y l)-l,4 -d ih y d ro -3 (2 H )- 
isoqu ino linone 3 w as o b ta in e d .

W h en , how ever, th e  n o n -su b s titu te d  benzyl cy an id e  w as em ployed 
(R  = H ) ,  tw o  p ro d u c ts  w ere o b ta in ed  in  th e  reaction . These w ere s e p a ra te d  and 
id en tified  as th e  ex p ec ted  l,4 -d ih y d ro -3 (2H )-isoqu ino linone  1; th e  o th e r  com
p o u n d  w as 4 -(4 -p ico liny l)-l-(4 -py ridy l)-3 (2H )-isoqu ino linone 2. T h e  UV spec-
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Scheme 2
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t ru m  of th e  la t te r  c learly  in d ica ted  th e  lac tam -lac tim  ta u to m e rism  charac teris tic  
o f  3 (2ff)-isoquinolinones.

This re su lt w as su rp ris in g , since in  th e  earlier e x p e rim e n ts  w ith  benz- 
a ldehydes an d  a ry l-ace to n itr ile s  i t  h a d  n ev e r been observed  t h a t  th e  produced  
l-a ry l- l,4 -d ih y d ro -3 (2 ii)iso q u in o lin o n e  re a c te d  in  P P A  w ith  th e  arom atic  
a ldehyde  th ro u g h  i ts  C-4 m eth y len e  g ro u p ; such a conversion  to o k  p lace only 
in  th e  presence o f  a s tro n g  base.

T he reac tio n  effec ted  a t  120 °C w as m on ito red  b y  TLC  fo r 10 h . F irs t only 
th e  1-pyridy lisoqu ino linone 1 could b e  id en tified , th e n  th e  sp o t ch a rac te ris tic  
o f  th e  4 -p ico lin y l- l-p y rid y l d e riv a tiv e  2 also ap p eared  an d  b ecam e  m ore  in tense 
w ith  tim e. T he re a c tio n  m ix tu re  w as processed  a fte r a 10-h re a c tio n  tim e , and 
2 w as iso la ted  in  51 %  y ie ld . I t  w as also rem ark ab le  t h a t  a t  th e  beg inning  of 
th e  reac tio n  an  u n k n o w n  su b stan ce  w as d e tec ted , h u t th is  r a p id ly  d isappeared , 
i.e. becam e fu r th e r  tran sfo rm ed .

In  th e  n e x t ex p erim en ts , th e  re a c tio n  w as s to p p ed  a t  a g iven  p o in t of 
tim e  an d  th e  p ro d u c ts  w ere iso la ted . I t  w as found  (Schem e 2) t h a t  th e  3(2H )- 
isoquinolinone 1 could  be  iso la ted  in  2 7 %  y ield  a fte r 15 m in , w hile  traces of 
an  unknow n  com pound  w ere iso la ted  from  th e  reaction  m ix tu re  p rocessed  after 
a reac tio n  tim e  o f 5 m in . T his p ro v ed  to  be th e  b is-am ide  4 . W h en  a lower 
te m p e ra tu re  w as ap p lied  (100 °C), th is  su b stan ce  was o b ta in e d  in  4 5 %  yield 
a fte r  30 m in reac tio n  tim e . These fac ts  in d ica te  th a t  in  th e  re a c tio n  involving 
severa l steps, th e  b is-am ide  4 is fo rm ed  f ir s t ;  th is  is ra p id ly  c o n v e rte d  in to  the  
isoquinolinone d e riv a tiv e  1, from  w hich  th e  en d -p ro d u c t 2 is fo rm e d  p robab ly  
in  a reac tio n  w ith  a n o th e r  m olecule o f 4 -p y rid in eca rb o x a ld eh y d e . T h e  assum ed 
in te rm e d ia te  5, a 4 -p ico liny lidene  d e riv a tiv e , could n o t be  iso la te d .

Now th e  in d iv id u a l reac tio n  s tep s  w ere exam ined  se p a ra te ly . F irs t the 
reac tio n  o f th e  b is-am id e  4  w as s tu d ied  an d  i t  was found  t h a t  i t  p a r t ly  u n d er
goes cyclization  u n d e r th e  above co n d itions, p a r tly  decom poses in to  aldehyde 
an d  acid  am ide. T h e  a ld eh y d e  reac ts  w ith  som e o f th e  cyclized  p ro d u c t to  give 
3 (2 Ii)-isoqu ino linone:

CH2CONH2  G 'H = 0

(45% )

1 4

+ 1

2

(18,7%)
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T h is  w a s  th e  f irs t case in  th e  sy n th es is  of l,4 -d ihydro -3 (2 H )-iso q u in o lin o n es 
t h a t  a  b is-am id e  could be is o la te d  from  th e  re a c tio n  m ix tu re . E arlie r, in  o u r 
s tu d ie s  o n  th e  reactions w ith  P P A  o f a ry lidene-b is-am ides p rep a red  from  phe- 
n y la c e ta m id e s  carry ing  s u b s t i tu e n ts  of high space re q u ire m e n t a t  th e  a-posi- 
t io n , i t  w as  found th a t  th ese  co m p o u n d s p ro b ab ly  tra n s fo rm  in to  th e  s ta r tin g  
m a te r ia ls  (acid  am ide an d  a ld e h y d e ) , instead  o f u n d e rg o in g  cyclization . In  th e  
case o f  th e  b is-am ide 4 p re p a re d  from  4 -p y rid in eca rb o x a ld eh y d e  th is  rev e rs
ib i l i ty  h a s  been decidedly p ro v e d .

I n  o rd e r to  confirm  th e  g e n e ra l va lid ity  o f th is  tw o -d irec tio n a l re a c tiv ity  
o f  b is -a m id e s  in P P A , b en zy lid en e-b is(p h en y lace tam id e) h as  also been te s te d . 
W h e n  p h en y lace tam id e  lab e lled  w ith  14C was also a d d e d  to  th e  reac tion  m ix tu re  
c o n ta in in g  b en zy lid ene-b is(pheny lace tam ide), b o th  u n lab e lled  an d  labelled  
iso q u in o lin o n es  were iso la ted  (S chem e 3). The lab e lled  isoqu ino linone can on ly  
be  fo rm e d  from  th e  labelled  p h en y lace tam id e  w ith  th e  b en za ld eh y d e  p roduced  
b y  th e  decom position  o f th e  b is -a m id e ; thus th e  re v e rs ib ility  assum ed can  be 
re g a rd e d  as proved.

N H — CO—CH2
/

CH
\

N H — CO— CH2

I n  th e  following e x p e r im e n ts  th e  reac tio n  o f  th e  isoquinolinone an d
4 -p y rid in e c a rb o x a ld e h y d e  w as ex am ined .

R2

CH2

6 : R 1— P h , R2=  4-Py

Acta Chim. Acad. Sei. Hung. 102, 1979



H A Z A I e t aL: 4-PIC O L I!4Y H -P Y R ID Y L -3(2H )-IS O Q U IN O L IN O N E 309

T h e p y rid y lisoqu ino linone  1 an d  4 -p y rid in eca rb o x a ld eh y d e  w ere  co n 
v e r te d  in to  d e riv a tiv e  2 in  4 5 %  yield  a t  120 °C in  a 6-h reaction . I t  w as to  be 
e lu c id a ted  n e x t, w h e th e r in  th e  co n d en sa tio n  reac tio n  of th e  C-4 m e th y len e  
g roup , being  ac tiv e  to  a  ce rta in  e x te n t in  1,4 -d ihy d ro -3 (2 if)-iso q u in o lin o n e , 
w ith  th e  a ldehyde  in  P P A , th e  h e te ro a ro m a tic  n a tu re  of th e  a ld eh y d e  com po
n e n t or o f  th e  C -l a ry l g roup  o f  th e  isoqu in o lin o n e  is requ ired  fo r th e  accom 
p lish m e n t of th e  reac tio n . l-P y rid y l- l,4 -d ih y d ro -3 (2 íf)- iso q u in o lin o n e  1 d id  n o t 
re a c t w ith  b en za ld eh y d e  an d  2 ,4 -d in itro b en za ld eh y d e , an d  in  th e  re a c tio n  o f  
l-p h en y l-l,4 -d ih y d ro -3 (2 if)-iso q u in o lin o n e  w ith  4 -p y rid in eca rb o x a ld eh y d e  a t  
150 °C, l-phen y l-4 -p ico lin y l-3 (2 ii)-iso q u in o liiio n e  6 could he iso la ted  o n ly  in  
11%  y ield  from  th e  s tro n g ly  ta rre d  an d  decom posed  m ix tu re . In  o rd e r  to  
enhance  th e  e lec tro n -w ith d raw in g  n a tu re  o f  th e  C -l su b s titu e n t, l- (4 -n itro -  
p h en y l)-l,4 -d ih y d ro -3 (2 Ii)-iso q u in o lin o n e  w as used  in  a reac tion  w ith  4 -py ri- 
d y lca rb o x a ld eh y d e , b u t  no p ro d u c t o f ty p e  2 w as form ed from  th is  su b s ta n c e . 
T h e  conversion y ie ld in g  th e  3(2H )-isoqu ino linone d e riv a tiv e  2 could be  effec ted  
n e ith e r  w ith  su lfu ric  ac id , n o r  w ith  B F 3 in  a ce tic  ac id ; P P A  is th u s  a  specific  
c a ta ly s t  o f  th e  reac tio n . T herefore  i t  seem ed to  b e  o f in te res t to  ex am in e  th e  
effect o f  th e  com position  o f  P P A  on th e  re a c tio n . In  these  ex p erim en ts  o rth o - 
p h osphoric  acid an d  tw o  d iffe ren t P P A  com positio n s (1 : 1.5 an d  1 : 2) w ere 
used , in  ad d itio n  to  1 : 1 P P A , these  w ere p re p a re d  in  th is  la b o ra to ry . In  
o rth o p h o sp h o ric  acid  an d  in  P P A  w ith  th e  lo w er P 20 5 equivalence (7 6 %  P 2Os), 
th e  p ro to n a tin g  c a p a b ility  o f  th e  c a ta ly s t is p red o m in a tin g , w hile in  P P A  o f 
h igher P 20 5 equ ivalence  (80.0 an d  82 .8%  P 20 5) th e  an h y d rid e  c h a ra c te r  m u s t 
be th e  decisive fac to r.

In  1 : 1.5 P P A  th e  course o f th e  re a c tio n  w as s ign ifican tly  a lte re d ; no 
b is-am ide  could he  iso la ted , h u t  1 w as o b ta in e d  in 54%  yield  a f te r  60 m in  
reac tio n  tim e . T he b is-am ide  4 was co n v e rte d  exclusively  in to  1 (4 9 % ), an d  
th e  reac tio n  1 —>• 2 also becam e slow er; 20 h  w ere  requ ired  for th is  conversion  
(47% ), w hereas in  1 : 1 P P A  a sim ilar y ie ld  w as a tta in e d  in  6 h.

T h e  use o f  1 : 2 P P A  an d  o rth o p h o sp h o ric  ac id  does n o t cause a  s ig n ifican t 
change. In  o rth o p h o sp h o ric  acid i t  is p ro b a b ly  th e  low ra te  o f cyc liza tio n  w hich  
m akes n ecessary  th e  longer reac tio n  tim e  in  th e  p rep a ra tio n  o f 2 (10 h , 26% ). 
W hen  th e  s ta r tin g  m a te r ia l w as 1, in  o rth o p h o sp h o ric  acid th e  re a c tio n  y ie lded  
again  2.

4 -P ico lin y l-l-p y rid y l-3 (2 Ii)-iso q u m o lin o n e  2 was also p rep a red  acco rd ing  
to  th e  p rocedure  described  earlier [3], b y  th e  reac tio n  of 1 w ith  4 -p y rid in e 
carb o x a ld eh y d e  in  th e  presence o f  N aH . T h e  re a c tio n  w as very  slow in  benzene ; 
th e  p ro d u c ts  w as o b ta in e d  in  44 %  yield  b y  re flu x in g  reagen ts in  to lu en e  for 
30 h . In  th is  case DM SO did  n o t p rove  to  b e  a su itab le  so lvent, th e  m ax im u m  
y ie ld  being  17%  a t  50 °C in  6 h.

S um m ariz ing  th e  reac tio n s b e tw een  b en zy l cyanide an d  4 -p y rid in e 
carb o x a ld eh y d e  in  1 : 1 a n d  1 : 1.5 P P A , in  th e  series o f consecutive reac tio n s ,
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w h ic h  c a n  be ch a rac te rized  b y  four ra te  c o n s ta n ts , th e  co rre la tion  b e tw een  
th e  co m p o sitio n  of th e  P P A  a n d  th e  ra tio  o f  th e  r a te  co n stan ts  is as fo llow s:

CH jC'N C H = 0

in  1:1 PPA: k i ^  t*3 , k i >  k 2, 1:2 ^ k-j 

in 1:1.5 PPA: fe4 »  кз, k2»  k u k2 >  lc3

A cco rd in g  to  ou r re su lts , fc4 is h igher th a n  k 3 in  b o th  k inds o f  P P A : th e  
4 -p ico lin y lid en e  d e riv a tiv e  5 could  n o t be iso la ted . In  1 : 1 P P  A, Aq к 2; in
o u r  sy n th e se s  of l,4 -d ih y d ro -3 (2 H )-iso q u in o lin o n es, th is  was th e  f i r s t  case 
w h en  th e  supposed in te rm e d ia te , th e  b is-am id e , could he iso la ted  fro m  th e  
re a c t io n  m ix tu re . This ra tio  o f  th e  reac tio n  ra te s  is ju s t  reversed in  1 : 1.5 P P A . 
A s re g a rd s  l,4 -d ihydro -3 (21 f)-isoqu ino linone a n d  th e  a rom atic  3 (2 if)-iso q u in o - 
lin o n e , b o th  com pounds cou ld  be iso la ted  in  1 : 1 P P A , w hereas in  1 : 1.5 P P A  
k 2 k 3, a n d  consequen tly  th e  con d en sa tio n  w as s ign ifican tly  slower.

I t  w as now ex am ined , w h e th e r th e  r e a c tiv i ty  fo r carbonyl a d d itio n  ob 
se rv e d  in  4 -p y rid in eca rb o x a ld eh y d e  w ith  ac id  ca ta ly sis  exists in  th e  o th e r  
p y rid in e c a rb o x a ld e h y d e s  o r n o t .  T he C-2 isom er d id  n o t yield even th e  co r
re s p o n d in g  3 (2H )-isoquinolinone, how ever, th e  experim en ts  w ith  3 -p y rid in e- 
c a rb o x a ld e h y d e  were f in a lly  successful. T h is is show n by  th e  re a c tio n s  in  
S ch em e 4.

I n  th is  case, too, th e  re a c tio n  was effected  f i r s t  in  1 : 1 P P A ; i t  w as m o n i
to r e d  b y  TLC  and th e  sam p les  th a t  seem ed su ita b le  w ere processed. H o w ev er, 
no  p u re  p ro d u c ts  was o b ta in e d ; even a fte r 30 h  th e  m ix tu re  consisted  o f  th re e  
s u b s ta n c e s  w hich could n o t  he  sep a ra ted . T here fo re , a system  was chosen  w hich  
h a d  b e e n  p repared  b y  m ix in g  ca lcu la ted  a m o u n ts  o f  85%  phosphoric  ac id  an d  
P 20 5 (1 g o f  P 20 5 for 1 m l o f ph o sp h o ric  acid) w ith o u t h ea tin g  for 8 h  (so-called  
‘fre sh  P P A ’). These a t te m p ts  w ere  successful. W h en  benzy l cyanide an d  3 -py ri- 
d in e c a rb o x a ld eh y d e  w ere a llow ed  to  re a c t in  th is  sy stem  a t 140 °C fo r 40 h , 
4 -(3 -p ico lin y l)-l-(3 -p y rid y l)-3 (2 Ii)-iso q u m o lin o n e  10 w as o b ta in ed  in  4 7 %  
y ie ld . F o r  th e  p rep a ra tio n  o f l-(3 -p y rid y l)-l,4 -d ih y d ro -3 (2 1 i)-iso q u in o lin o n e  8, 
th e  1 : 1.5 P P A  was fo u n d  to  be th e  m ost fav o u ra b le  m edium , in  w h ich  th e  
c o m p o u n d  could be p rep a red  in  59%  yield . In  fresh  P P A , th e  conversion 8 — 10 
to o k  p la c e  in  16 h a t 140 °C in  4 5 %  yield . W hen  th e  la t te r  reac tion  w as e ffec ted  
fo r 3 h  a n d  120 °C in s tead  o f  140 °C, th e  4-(3-p ico liny lidene) d e riv a tiv e  9 cou ld
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al so be iso la ted  an d  p rep a red  as a p u re  co m p o u n d  in  29%  yield. H o w ev e r, th e  
a t te m p te d  iso la tion  o f  th e  b is-am ide 7 re m a in e d  unsuccessful in  th e  case of 
th e  3 -p y rid in eca rb o x ald eh y d e . T he a ro m a tic  d e riv a tiv e  10 w as also  p re p a re d  
b y  th e  N aH  m ethod  in  a sa tis fac to ry  y ield  (4 9 % ) from  8 in-D M SO .

In  su m m ary , in  th e  reac tion  o f b en zy l cy an id e  w ith  3 -p y rid in e c a rb o x 
a ld eh y d e  in  fresh  an d  1 : 1.5 P P A , th e  series o f  consecutive rea c tio n s , c h a ra c 
te rized  b y  fou r ra te  c o n s ta n ts , gives th e  fo llow ing  correlation  b e tw e e n  th e  
ra tio  o f  ra te  co n stan ts  an d  th e  com position  o f  P P A :

C H = 0

GY.H5CH20N -f-
10

7

in fresh PPA: kt >  k i, h >  k2,  к3 ъ  к ,  

in 1:1.5 PPA: Tc\y Jc2> Jc$
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Table I

P reparation o f  the 1 - ( 4 -pyridyl)  -3 (2 H ) -isoquinolinones

Starting compounds Molar
ratio

PPA Reaction 
time« h

Temp., °C Product
(yield)

Comments

Benzyl cyanide -f- 4-pyridine- 
carboxaldehyde

1 : 2.2 1 : 1 10 120—125 2 (51.12% )

Benzyl cyanide +  4-pyridine- 
carboxaldehyde

2 : 1 1 : 1 1/4 1 2 0 - 5 1 (26.8% ) The product was isolated by ex
traction w ith CHC13 after pouring 
into water

B enzyl cyanide -f- 4-pyridine- 
carboxaldehyde

2 : 1 1 : 1 1/2 100 4 (45% )

B enzyl cyanide -)- 4-pyridine- 
carboxaldehyde

1 : 1 1 : 1.5 1 120 1 (53.6% ) The aldehyde was added to the 
reaction m ixture during 45 min, 
in  three portions

B enzyl cyanide -f- 4-pyridine- 
carboxaldehyde

1 : 1 1 : 2 1 120 1 (44.7% ) The aldehyde was added to the 
reaction m ixture during 45 min, 
in three portions

B enzyl cyanide +  4-pyridine- 
carboxaldehyde

1 : 2 ortophos- 
phoric acid

10 120 2 (25.5% )

a,a-D im ethyl-benzyl cyanide -f- 
+  4-Pyridinecarboxaldehyde

1 : 1 1 : 1 3 125 3 (51% ), 
3-HC1 (61% )

The base was converted into the 
hydrochloride without purification

4 1 : 1 3 125 1 (45% ) +
2 (18.7% )

Compound 2 separated when pouring 
the reaction m ixture into water; 
1 was extracted w ith CHC13

4 1 : 1.5 3 120 1 (49% )
1 4-Pyridinecarboxaldehyde 1 : 1 1 : 1 6 1 2 0 - 5 2 (44.8% )

1 +  4-Pyridinecarboxaldehyde 1 : 1 1 : 1.5 20 1 2 0 -1 2 5 2 (46.9% )

1 - f  4-Pyridinecarboxaldehyde 1 : 1 orthophos- 
phoric acid

5 120 2 (38.5% )

l-Phenyl-l,4-d ihydro-3(2H )- 
-isoquinolinone -f- 4-pyridine- 
carboxaldehyde

1 : 1 1 : 1 3 150 6 (H % )

Co
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In  fresh  P P A , 9 an d  10 could  also b e  p re p a re d ; in  1 : 1.5 P P A  th e  reaction  
s to p p e d  a t  8 .

A ccord ing  to  ou r in v es tig a tio n s , th e  m echanism s of th e  re a c tio n s  betw een 
l,4 -d ih y d ro -3 (2 if)-iso q u in o lin o n es an d  b en za ld eh y d e  in th e  p re sen ce  o f  a strong  
b ase , a n d  w ith  p y rid in e  ca rb o x a ld eh y d e  re a g e n t in  P P A  a re  s im ila r , b o th  in
v o lv in g  th e  4 -a ry lidene  in te rm e d ia te . I n  th e  reaction  w ith  p y rid in eca rb o x - 
a ld eh y d e , th e  n a tu re  o f  th e  a ld eh y d e  co m p o n e n t (4- or 3-isom er) a n d  th e  com 
p o sitio n  o f  P P A  s ig n ifican tly  a ffec t th e  r a te s  o f the  in d iv id u a l s tep s  in  the  
fo u r-s tep  reac tio n , an d  th is  ren d ers  possib le  th e  p rep a ra tio n  o f  th e  d ifferen t 
in d iv id u a l com pounds in  o p tim u m  y ie ld .

E x p erim en ta l

Polyphosphoric acid was prepared from  phosphorus pentoxide and 85%  phosphoric 
acid; th e  given am ounts o f the com ponents were stirred under anhydrous cond itions until dis
so lution  o f the solid, follow ed by heating at 100 °C for 8 h when necessary.

The reactions in P P A  (Tables I and II ) and  processing of the reaction  m ixtures were 
effected  as described earlier [1].

Table II

Preparation o f  the l-(3 -pyridy l)-3 (2H )-i$oqu in o lin on es

Starting compounds Molar
ratio PPA Reaction 

time, h
Temperature,

°C
Product (yield)

B enzyl cyanide +  3-pyridinecarbox- 
aldehyde 1 : 2 ‘fresh’ 40 140 10 (46.9% )

Benzyl cyanide +  3-pyridinecarbox- 
aldehyde 1 : 1 1 : 1.5 4.5 130 8 (59%)

8 -f- 3-pyridine-carboxaldehyde 1 : 1 ‘fresh’ 16 140 10 (44.6% )

8 -(- 3-pyridinecarboxaldehyde 1 : 1 ‘fresh’ 3 120 9 (28.6% )

Condensation in  the presence o f N aH  was carried out as given in R ef. [3].
Physical data o f the com pounds prepared are given in Table III.
The 14C-labelling experim ents were m ade as follows.
Benzylidene-bis(phenylacetam ide) (429.38 m g; 1.198 mmole) [7] and 14C-phenylacet- 

am ide (171.22 mg; 1.266 m m ole), prepared on the analogy o f [8], were allow ed to  react in  1 :1  
P P A  (5 m l) in the usual manner.

The activ ity  o f the phenylacetam ide was 
A tp 13 608.76 Bq/m g
A m 1 839.36 kBq/m m ole  
m ole number: 3.66 mmoles.
The activ ity  o f the product [l-phenyl-l,4-d ihydro-3(2H )-isoquinolinone] was:
A sp 754.75 Bq/m g
A m 168.50 kBq/m m ole

A ctiv ity  introduced: 2330.09 kBq.
A m o f  phenylacetam ide in  the m ixture was 636.32 kBq/m m ole. Incorporation: 26.5% .
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A
cta C

him
. A

cad. Sei. H
ung. 102, 1979

Table III

Physical data o f  the l-pyridyl-3(2H )-isoqu in olinon es and o f  the 4-picolinylidene-bis(phenylacetam ide)

M.p., °Ca
Compound No. (recrystallizmg IRC uv Formula*

solvent^)

4-Picolinylidene-bis(phenylacetam ide) 4 235—6 (DMF) vCO 1660 C22H 2i N 30 2

l-(4-Pyridyl)-l,4-dihydro-3(2H )-iso quinoline 1 1 6 7 - 9  (EtO H) J-CO 1665 265 (3150) C „H ,„N ,0
258 (3790)

4-(4-Picolinyl)-l-(4-pyridyl)-3(2H )-isoquinolinone 2 2 3 1 - 2  (DMF) v C = N  1620 434 (1166)e
359 (8270)' C2 0 H 1 5N 3O

rOH 3550 293
281

l-Phenyl-4-(4-picolinyl)-3(2H )-isoquinolinone 6 2 3 8 - 4 0  (EtOAc) v C = N  1625 ^ 2 1 ^ 1 6 ^ 0

4,4-D im ethyl-l-(4-pyridyl)-l,4-dihydro-3(2H )-isoquinolinone • 3 262 (d.) vCO 1670 C1 6H 1 7C1N20
• HCl

l-(3-Pyridyl)-l,4-dihydro-3(2H )-isoquinolinone 8 1 8 9 -9 1  (EtOH) rCO 1670 260
256

(3465)
(3371)

c 14h 12n 2o

4-(3-PicolinyIidene)-l-(3-pyridyl)-l,4-dihydro-3(2H )- 9 2 3 0 - 2  (EtOH) vCO 1670 308 (15642)
C2 0 H 1 5N 3Oisoquinolinoned j-C=C 1620

1-(3-Picolinyl)-l-(3-pyridyl)-3(2H)-isoquinoIiiione 10 2 2 9 - 3 0 v C = N  1620 430 (899)
c20h 15n 3o(70% EtOH) 350 (7192)

296 (4894)
286 (5410)

“ Uncorrected m elting points, capillary tube-m ethod  
b DM F, dim ethylform am ide; E tO II, ethanol; EtO A c, e th y l acetate
0  The IR  spectra were determ ined on a Perkin-Elm er 377 spectrom eter (K Br pellets) 
d NM R (CDC13): CH NH  5.73d (I, J CH n h  2.5 H z) 7.83d (1), ArH 7.0 — 7.75 m  ( 8 ), 8.12d  

(1), 8 .3 5 -8 .5 5  m (3), 8 .6 6 d (1, 1.5 Hz)
8 Lactam  
* Lactim
g All com pounds were analyzed for C ,H ,N  w ith  results o f at least 0.4%  accuracy
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RECENSIONES

Recent R esu lts in  C hem istry, Vol. 39 (In  H ungarian )

E d ito r  B éla  Cs Ák v Ár i

Já n o s  H o l l ó , László R e v ic z k y , László K ir c h k n o p f , Im re  K u r u c z , László 
N y e s t e , B éla S e v e l l a , László Sz ig e t i  a n d  A ttila  V e r e s : Som e Problems 

in  M odern Research on Ferm entation

Budapest, A kadém iai K iadó, 1978 
296 pages, 10 tables, 66 figures

Under the com prehensive title  “ Some problem s in modern research on ferm entation” , 
the authors report on their results achieved in  the field  o f a new, progressing interdisciplinary  
science, bioengineering operations and processes. Two papers in the hook deal w ith  the prob
lem s of industrial m icrobiology, a sector o f the above field, which has undergone dynam ic 
developm ent during the la st decade. This special a tten tion  is also due to the fa c t th a t the inter
disciplinary character o f industrial m icrobiology requires the close cooperation o f  biologists, 
chem ists, physicists, m athem aticians and physicians. The Ferm entation R esearch Team, 
organised about ten  years ago at the Agricultural Chemical Technology D epartm en t of the 
Technical U niversity, B udapest, which began its work w ith  researchers o f various basic educa
tion , has am algam ated in to  a uniform team  under the direction of Professor H o lló . Their 
work is  introduced by the tw o papers in the book:

1. Some Theoretical and Practical Problem s o f the Application P ossib ilities o f  Computer 
Technique in Ferm entation Research (134 pages, 8 tables, 39 figures; references)

2. M athem atical M odelling of Bacterium  Ferm entations (144 pages, 2 ta b les, 27 figures; 
references)

The papers deal w ith  two logically correlated part-fields o f bioengineering operations 
and processes for microorganisms; they describe autom ated , com puter-coupled ferm entation  
apparatus and its application possibilities in the controlling and autom ation o f  ferm entation  
system s, as well as their m athem atical m odelling m ethods. Discussion o f th e  authors’ own 
results is subordinated to a treatm ent of the basic problem s in these two fie ld s, and solutions 
on the laboratory scale are suggested. This serves prim arily the intensification  o f  H ungarian  
m icrobiological processes, prim arily in  the pharm aceutical industry; at the sam e tim e its im 
portance on the world scale is pointed out.

The first paper is divided into seven chapters. The introductory chapter g ives a short 
survey of the com puterized ferm entation system s w hich have been realized up to  now, in
cluding the logic steps o f coupling. The next two chapters give inform ation regarding the fer
m entation  process and the actual param eters, and the fundam ental conditions o f  m easurem ent 
are described. Chapters 4 and 5 m ake up more than  tw o-thirds of the paper; th ese  are: “The 
autom ated ferm entation apparatus” and “ Off-line optim um  direction of continuous ferm enta
tion  processes” . Here the ferm entation apparatus bu ilt by them , technical m ethods of con
trolling the physical param eters (variables) and the breeding m ethod based on  the turbido- 
sta t principle (where the concentration of the m icroorganism  cells is m easured b y  measuring  
optical density and this is used as the control signal) are described. The experim ental procedure 
studied  on laboratory scale was the conversion gluxose —*• gluconic acid — 5-ketogluconic acid, 
based on a process catalyzed by the enzym es of a sp ec ies—o f Acetobacter suboxydans  denoted  
b y  ATCC 621 in the industry. The continuous ferm entation  m odel process w as stu d ied  at 27 °C, 
30 °C and 33 °C tem peratures. In the course o f the 100-h experim ental program s, the repro
ducib ility  o f the biological state o f the m icroorganism  breed and the stab ility  o f  the value of 
th e  propagation rate were determ ined repeatedly. T he rate o f the form ation o f  gluconic acid 
w as m easured through the m easurem ent of the consum ption rate of base added for neutraliza
tion . O f the control param eters o f the process, the tem perature, pH and the concentration  
o f  cells were varied, and the specific growth rate, the specific rate of product form ation  and the 
actual gluconic acid concentration as the state  param eters were exam ined. I t  w as established  
experim entally , which param eters are to be regarded as technological lim its o f  the process 
and w hich are the starting working points o f the optim ation  experim ents. In order to  approach
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the op tim u m , an experim ental program  was constructed and realized to determine the control 
param eters ensuring the m axim um  values o f the ind ividual sta te  parameters.

T hese investigations are far from  being finished, therefore, in  Chapters 6 and 7, the  
authors sh o rtly  outline the possible m ethods for off-line op tim ation  of the non-continuous 
breeding tech nique and the algorithm s required for controlling the on-line static  optim ation  
of the continuou s operation.

T he second part of the book describes the principles o f  m athem atical m odelling of 
ferm en tation  system s, the m odel ty p es given in  the literature. The authors’ experiences are 
illu strated  again  on the glucose-converting reaction of Acetobacter suboxydans, considering two  
residual en zy m e catalysts (glucose dehydrogenase and gluconic acid dehydrogenase), in  accord
ance w ith  th e  black box approach applied by them .

T he second paper deals w ith  the modelling of non-continuous ferm entation processes 
usual in  industria l practice. The authors’ primary purpose is  the illustration of m odel form a
tion , “ one ferm entation — one m odel”  on the exam ple chosen b y  them . W hen reading the 
paper, i t  can  be felt that there has been a serious synthesizing work behind the 83 references. 
Therefore i t  is not evident, w h y th e y  lim ited the subject to  “ bacterial ferm entation” , when  
H ungarian researchers deal ex ten siv e ly  w ith the regularities o f propagation and product 
form ation  o f  y ea st and m ould species. The majority o f th is w ork has been published in period
icals o f th e  H ungarian A cadem y of Sciences (e.g. A cta Chim ica, A cta Alimentaria).

B o th  papers in  the book reflect the modern concept th a t  the level of developm ent of 
tech nolog ica l procedures in  th is special chem ical-biological interdisciplinary field o f science 
is ready for the application of system -technical treatm ent, m odelling and com puterized  
m ethods. T he authors were the first who developed and operated  a ferm enter-com puter unit 
for experim en ta l purposes in  H ungary, and in this work one m ust recognize the significant 
role of one of the authors deceased since then, A ttila Ve r e s .

P .  B lA C S

ch em B U Y d irec t In terna tiona l Chemical B u yers  Directory

ed ited  b y  F ried rich  W . D e r z , d ip l. chem .

W alte r de G ru y te r , B erlin , N ew  Y o rk , 1976

T h is  enorm ous co llection  w o rk  consists o f th e  follow ing p a r ts : 
ch em P R O D U C T in d ex  in  tw o  volum es 
c h e m S U P P L IE R S d ire c to ry  
chem  A D D  R E S S book  
ch em S Y N O N Y M d ic tio n ary

chem PROCUCTindex

T he chem PR O D U C T index lis ts in alphabetical order abou t 300 000 names (synonym s) 
of chem icals (organics and inorganics), radioactive-labelled com pounds, isotopes, dyes, p o ly 
m ers, a c tiv e  principles o f pharm aceuticals, etc., and their m olecular formulas.

In  order to make the know ledge of chemical nom enclature as far as possible unnecessary  
for the use o f  the system , each nam e in the list is referred to  th e  Chemical A bstracts Service  
R egistry  N um ber (CARNO) or, i f  such one is not availab le, to an interim Num ber (iNo). 
K now ing th e  registry number, one can find inform ation in  th e  other volum es of the series.

A s th e  nam es of chem ical com pounds rarely change, th e  usefulness o f the chem PR O 
D U C T index w ill not dim inish w ith  tim e. For keeping it  up to  date, supplem entary lis ts are 
sufficient. T he supplem ents will be em bodied in the yearly  revised editions of the chem 
SU P P L IE R Sd irectory .
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chemS U  P  P L I  E R Sdirectory

The object o f th is volum e is to give inform ation about companies w hich m ay be taken  
into consideration as suppliers of a particular chem ical.

The basis o f searching is the registry num ber (CARNO or iN o) which can be found in 
the cheinPR O D U C T index after the name or synonim  o f a given chemical. This m akes it  un
necessary alw ays and everywhere to include the often  very long chem ical nam e.

E very registry number listed in the chem SU P P L IE R Sdirectory is accom panied by 
a number of codes. These identification codes are the abbreviations for suppliers. The code 
consists o f the international identification for autom obiles for the country and an individual 
abbreviation for the respective com pany. A dditional inform ation, as the chem ical formula 
and the m olecular m ass, ionic couplings, etc., are som etim es indicated under the CARNO. 
There are included also references from one CARNO to another new CARNO as well as iNo- 
CARNO and iN o-iN o equivalents.

chem A D D  R E S  Shook

The chem A D D R E SSbook includes app roxim ately  23 000 com pany addresses from  some 
40 developed capita list and socialist countries.

It consists o f three parts:

Part 1: com pany identification code index

The identification  code is the abbreviation  for a com pany to be found in the chem 
SU P P L IE R Sdirectory or in part 2 of th is book. The inform ation under th is code contains 
com pany name w ith com plete address including post code or postal code num ber (ZIP-code), 
telephone number, te lex  number and telegram  address. The codes are arranged according to 
national identification  codes (in alphabetical order) o f the countries. W ithin a country, the 
identification  codes of the companies are listed  alphabetically.

Part 2 : com pany name index

In this part all com panies included in the chem A D D R E SSbook are listed  alphabetically. 
Due to alphabetical listing, branch offices (affiliates) of one com pany in d ifferent countries 
are listed together w ith the name of the original com pany (m other com pany). T he identification  
code is given after the name of the com pany. Once the identification code is know n, the com 
plete address can be found in part 1 of this volum e.

Part 3 : chemPOSTCODEindex-international

This part is arranged to the a lphabetically  listed  national identification  codes o f the 
countries. W ithin a country, the postal code num bers are listed in alpha-num erical order. 
Under the post code are listed the name of the c ity , the district, the com pany nam e and the 
com pany identification  code. For countries w ithou t post codes, the city nam es are listed  alpha
betically  as headings for the respective com pany. The com pany names are given in  alphabetical 
order after the c ity  names.

B y  m eans of the POSTCODEindex it  is possible to find all com panies located  in  the 
sam e or directly  neighbouring postal districts.

ch em S Y N O N Y M diction ary  will be issued later.

The publication of a postC O D E postal-international is planned, which includes a com 
parative description of the postal code system s o f the countries.

The chem B U Y direct International Chem ical B uyers Directory is one o f the m ost com 
prehensive registers o f the commercially available chem icals and of the m anufacturer, supplier 
or wholesaler com panies which m ay be taken into  consideration when ordering a particular 
chem ical. It is very useful in the case of rare chem icals, where it is im portant to find any entry 
at all. Its system  is clear and well understandable. The use of the Chemical A bstracts Service 
R egistry Num bers m akes it  easy to handle in  every  case where the chemical nam e is unknown  
or am biguous. Each volum e contains prefaces and explanations in English, Germ an and French 
which m ake it  suitable for international use.

V . T a k á c s
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M. W illiam  R a n n e y : Fertilizer A dd itives and  S o il Conditioners

Chemical Technology R eview  N o. 116. 301 pp.

N oyes D ata  Corporation, Park Ridge, N ew  Y ersey , U .S .A ., 1978

T he application  of chem icals in  agriculture has greatly  increased in the past decades 
and contributes to  obtaining high yields and products o f  good q u ality . The number of chem icals 
introduced in to  practical agriculture has m upltiplied w ith in  a short period. A better knowledge  
of these chem ical products, their properties, technology, production  and m echanism  o f their  
action is v ery  im portant in  up-to-date farming.

The author selected several groups of modern chem icals as the subject o f his book, w ith  
particular regard to a large variety  of additive or com plem entary products which im prove  
fertilizer production , application and efficiency. The book deals w ith  both liquid and granual 
products, as w ell as w ith  chem icals for soil conditioning. The la tter  are highly im portant for 
im proving soil structure and, consequently, the water and nu trien t status of the soil.

In  th e  first part o f th e  book additives and processing aids for granular products are 
described w ith  particular regard to modern fertilizer production and application. G ranulation  
aids and processes for several types o f fertilizer are described in  detail in this part, w ith  in 
dication o f  m ethods and patterns of use. In some cases specific  exam ples illustrate the m anu
facturing o f  various fertilizers and other products.

T he second part o f the book deals w ith additives and processing aids for liquid products.
In th e  third part m icronutrient com positions are described. In  the first section the author  

deals w ith  iron com plexes and chelates. In addition to  chelates, iron-containing com positions 
are also described, partly  produced from cast iron chips, m ine ta iling , etc. Very interesting and  
rem arkable is the m ethod o f producing fertilizers from  sea-w ater b y  adding bivalent iron ions 
to the w ater. The resulting iron hydroxide precipitates after havin g  adsorbed m icroelem ents 
and organic substances present in the water.

In  th is  part zinc- and m anganese-containing products are also described as m icronutrient 
com positions. In m ost cases the new  patterns are also described and the m ethods o f m anu
facturing ind icated . M any o f the described m ethods are rem arkable for practical u tilization , 
for in stan ce stabilizer for the m anganese salt o f su lphonited liq u id . The m icronutrient com po
sitions also include liquid products for different purposes in agricultural practice, such as 
growth prom oters, fertilizers, inhibitors, etc.

The fourth  part o f th e  book deals w ith  nitrification and urease inhibitors.
The fifth  part describes soil conditioners and peat-m oss com positions. The aim  o f  

application  o f these m aterials is m ainly to im prove the ph ysica l properties of the soil. There are 
com pounds o f  different chem ical com position to be used for th is purpose. The author lis ts  
a broad spectrum  o f such m aterials, including syn thetic  and sem isynthetic substances as w ell 
as treated  and untreated  by-products of industry and agriculture.

P o lyacry lic  com pounds, silicon dioxide, w aste paper, m etallurgical dust from  w aste  
gases, ch icken  manure, liqu id  products represent several o f  the materials described in  th is  
chapter. P a ten ts  and m ethods of their m anufacture are through ly  described and recom m enda
tions are m ade for their u tilization .

In  addition  to the above-m entioned products, peat-m oss com positions and m ulches 
are described in  v iew  o f their possible applications as soil conditioners.

In  th e  la st section o f this part, the author g ives a description and the m ethod o f pre
paration o f  a few  patterns o f syn thetic  soils, including foam ed polym ers, treated clay m inerals, 
etc.

In  th e  la st part o f the book the reader finds detailed  descriptions of humus and com post  
soil conditioners. This part starts w ith  patents for hum us processing and m ethods of recovering  
different hu m ic acids and hum ates. Resides the descriptions o f  m ethods, equipm ent, dev ices  
and analy tica l processes o f the raw products for obtain ing hum us lignite, brown coal and  
other substances are also discussed here.

T he book  includes a com pany index listing the m anufacturers m entioned in  the p attern s, 
an inventor in d ex  and a U .S . paten t num ber index.

T he author succeeded in  giving a good guide to  the subject: his book is useful for b o th  
m anufacturers and users o f fertilizers and soil conditioners.

I .  S z a b o l c s
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РЕЗЮ М Е

У с т о й ч и в о с т ь  комплексов гексакис-ДМСО-хром(Ш) типа внешней сферы
Ж . А К О Ш -С А БО , И . О РС А Г и  Д Ь . Б А Ж А

Комплексы гексакис-ДМСО-хром(I I I )  типа внешней сферы были исследованы 
в воде и ДМСО.

На основе измерения растворимости в водном растворе при 25 °С были определены 
константы устойчивости при величине 1- 1, которые равны:

F -  : ß 1 <  0.2

N O , : ß 1 =  5, ß t  =  19

S C N - : ß 1 =  3, ß2 =  60.

Порядок устойчивости в ДМСО следующий: NO7  <  СЮ7  <  SCN- .

Кинетика и катализ образования и аквации комплекса Сг(ДМСО)0+Д,
Д Ь . Р А Б А И , Д Ь . Б А Ж А  и М. Т. Б Э К

Была изучена кинетика реакций комплексов Сг(Н20)„ (ДМСО)§±„ с водой и ди- 
метилсульфоксидом, а также эффект нитрита и двуокиси углерода на скорость этих реак
ций. Была определена скорость аквации и механизм сольволиза в случае п  —  6 . Было най
дено, что в случае п =  2— 6  замещение воды на ДМСО и обратно катализируется нитритом 
и COj, но если п  =  0, то ни нитрит, ни С02 не проявляют каталитического эффекта на аква- 
цию. Эффект повышения скорости объясняется образованием карбонато- и нитритохром-
( I I I )  комплексов с высокой реакционной способностью в быстром предварительном 
равновесии. Константа устойчивости комплекса Сг(Н20 )5(0С02Н)2+ бала получена из 
данных скорости.

Реакция амидхлоридов с карбамидами, II
Реакция с асимметрически дизамещенными карбамидами

И. Б И Т Т Е Р , Е . К А Р П А Т И -А Д А М  и Л . T E K E

Была исследована реакция асимметрически дизамещенных карбамидов с хлористым 
хлорометилендиметиламмонием. Образующиеся хлориды карбамоиламидиния не удалось 
изолировать в кристаллической форме. Однако, путем идентификации]продуктов разложе
ния под влиянием тепла и третичных оснований, а также продуктов гидролиза, удалось 
выяснить их структуру и объяснить путь их образования. Согласно экспериментальным 
результатам, вероятно протекает непосредственное М-ацилирование.



Получение и исследование фосфорорганических производных 
цианокомплексов переходных металлов, VIII

Исследование ионных ассоциатов аниона гексацианоферрата(Ш) с 
четвертичными фосфонийными катионами методом ЯМР—Н1

Ш . П А П П  и П. К В И Н Т О В И Ч

Были получены производные аниона гексацианоферрата(Ш ) с некоторыми чет# 
вертичными фосфонийными катионами. На основе спектров ЯМ Р—Н1, снятых в двух 
растворителях CDC13 и ДМСО — D 6, был обсужден характер и механизм взаимодействий 
аниона с катионом в растворе.

Получение и исследование фосфорорганических производных 
цианокомплексов переходных металлов, IX

Исследование ионных ассоциатов аниона трифенилфосфино-пентациано- 
феррата(Ш ) с четвертичными фосфонийными катионами методом ЯМР— Н1

ш .  П А П П  и п .  К В И Н Т О В И Ч

В связи с предыдущими работами были исследованы характер и степень взаимо
действий аниона и катиона, а такж е протонов лиганда Р(С6Н 5)3 с центральным атомом в 
ионных ассоциатах аниона [Fe(CN)5P(CeH5)3]2-  с четвертичными фосфонийными катионами.

Влияние фотографического и фотометрического факторов на 
спектрографическую оценку, II

Микродензитометр для современных спектрально-аналитических 
исследований и для практических целей

Л . КОЗМ А

Описанный микродензитометр работает линейно в широком интервале оптической 
плотности ( S  =  0 . . .  4) и при оптимальных фотометрических и оптических условиях.

Система измерения света, электронное превращение пропускания в поглощение и 
дигитальное сигнализирование величин оптической плотности соответствует требованиям 
точности и воспроизводимости. Логическая система накопления данных и поисков гранич
ных значений, а также автоматический контроль приводят к  упрощению и значительному 
повышению скорости измерений.

Влияние фотографического и фотометрического факторов на 
спектрографическую оценку, III

Определение кривой почернения и параметров /-трансформации графическим 
методом и с помощью ЭВС

К . Ф Л О Р И А Н , Д Ь . Х Е Л Т А И  и К . Ц И М М Е Р

Обсуждаются методы определения параметров кривых почернения. Для графи
ческого определения величины у ,  а такж е величин плотности S L и S LL был использован, по 
существу, метод предварительной кривой Чёрчиля. Была составлена программа ЭВС для 
определения констант у  и к  /-трансформации. Программа основана на итерационном вы
числении, являющемся наиболее достоверным принципом, согласно Тёрёку и Циммеру. 
Величины констант фильтра обычно согласуются со средней величиной AI и с точностью 
0,001 при использовании величин у  и  к ,  рассчитанных программой. Эта точность совер
шенно достаточна для практических требований.



Новая амидозащищающая группа
А. Ю Х АС и  Ш . БА Ю С

Сообщается применение новой амидозащищающей группы — 2,4,2’, 4’-тетраметокси- 
бензгидрила (Tbh). Защищенные амиды могут быть приготовлены конденсацией соот
ветствующего карбоксильного соединения с Tbh NH2, синтез которого также описан. 
Кислотная стабильность Tbh подобна стабильности грет.-бутилоксикарбонила (Вое), т. е. 
Tbh может быть легко удалена с помощью ацидолиза в трифгоруксусной кислоте при ком
натной температуре.

Конформационные и конфигурационные исследования производных 
3,7-диазабицикло (3.3.1 )-нонана, II

П. Ш Е Й В Е Р  и К . Н А Д О Р

Конформация и конфигурация некоторых N-замещенных биспид-9-онов и биспидин- 
9-олов были исследованы через анализ результатов, полученных измерением дипольных 
моментов и спектров ЯМР - Н 1. Было найдено, что форма стулважна является Доминиру
ющей конформацией как для 9-кето-, так и 9-гидроксипроизводных. Применение реаген
тов с лантанидным сдвигом оказалось весьма удобным методом для ассигнации относи
тельной конфигурации атома С(9) в случае асимметрически N -замещенных биспидин-9- 
олов.

Аномальная реакция между пиридинкарбоксальдегидом и бензилцианидом
в полифосфорной кислоте

Синтез 4-пиколинил-1-пиридил-3(27/)-изохинолинона
Л . Х А ЗА И , Д Ь . Д Е А К , Г . СА БО  и  Э. К О Л Т А И

Из 4- и 3-пиридинкарбоксальдегидов и бензилцианида в полифосфорной кислоте 
(ПФК), эквивалентной содержанию Р20 5 84,0 и 82,8%, с хорошим выходом были получе
ны 1-пиридил-1,4-дигидро-3(2/4)-изохинолиноны 1 и 8, а в ПФК с содержанием Р20 5 78% — 
4-пиколинил-1-пиридил-3(2Я)-изохинолиноны 2  и 10, соответственно. При более коротких 
временах реакции, в случае 4-пиридинкарбоксальдегида удалось изолировать бис-амид 4, 
а в случае 3-пиридинкарбоксальдегида -  4-(3’-пиколинилиденовое) производное 9. С по
мощью изотопной техники удалось доказать, что арилиден-бис(фенилацетамид) в ПФК в 
равновесной реакции распадается на фенилацетамид и аральдегид.
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INFORMATION THEORY ANALYSIS OF THE 
NODAL PROPERTIES OF я-MOLECULAR ORRITALS

D . BoNCHEV, G. LlCKOMANNOV and N. TRINAJSTid1

( D e p a r tm e n t  o f  P h y s ic a l  C h e m is tr y ,  H ig h e r  S c h o o l o f  C h e m ic a l  T e c h n o lo g y , B u r g a s ,  B u lg a r ia  
a n d  l T h e  R u d je r  B o s k o v ic  I n s t i t u t e ,  Z a g r e b , C ro a tia , Y u g o s la v ia )

Received Decem ber 29, 1977

In  revised form Decem ber 11, 1978

A ccepted for publication Janu ary  22, 1979

An approach based on inform ation th eo ry  w hich reflects well the m ain features 
o f the nodal properties o f я -molecular orbitals w as developed. The frontier orbitals 
(HOMO and LUM O) are found to have the m axim um  inform ation content w h ilst the  
low est occupied and the highest unoccupied m olecular orbitals (LOMO and H UM O) 
th e  m inim um  one. E quations describing th e  inform ation on the nodal properties of 
polyenes and annulenes are derived. A possib le prediction of the nodal properties o f  
л -MO’s is discussed on th is basis.

In tro d u c tio n

C h em istry  o f  c o n ju g a te d  system s h as  a  long  an d  d isting u ish ed  h is to ry
[1] an d  s till is o f  in te re s t  fo r b o th  e x p e rim e n ta l a n d  th eo re tica l c h e m is ts  [2]. 
One o f th e  p rim e  w ays to  s tu d y  co n ju g a ted  sy s tem s  th eo re tica lly , in  o rd e r  to  
se t ru les w ith  th e  p re d ic tiv e  pow er to  g u id e  th e  effo rts  of e x p e rim e n ta lis ts , 
ap p ears  to  be a sim p le  я -m olecular o rb ita l  th e o ry  proposed y e a rs  ago  b y  
H ü c k e l  an d  fu r th e r  developed  b y  Co u l s o n  [4]. R ecen t in te re s t [5,6] in  th is  
sim ple MO th e o ry  h as  b een  s tim u la ted  b y  reco g n iz in g  th a t  m an y  p ro p e rtie s  
o f  co n ju g a ted  sy stem s m ay  be o b ta in ed  so le ly  from  th e  in fo rm a tio n  on  th e  
m o lecu lar c o n n e c tiv ity  [7].

N o d al p ro p e rtie s  o f  я -m olecular o rb ita ls  are  im p o rta n t in  d iscussions 
concern ing  sp ec tro sco p ic  tra n s itio n s  [8], f ro n tie r  o rb ita ls  (h ig h est occup ied  
a n d  low est e m p ty  m o lecu la r o rb ita ls : H O M O , LUM O) [9], se lec tion  ru le s  for 
r in g  closure or r in g  o p en in g  in  chem ical re a c tio n s  [10], non -bond ing  m o lecu la r 
o rb ita ls  (NBM O) [11], etc. H ow ever, th e re  is  a  v e ry  lim ited  sy s te m a tic  w ork  
ca rried  o u t on n o d a l p ro p e rtie s  o f я -MO’s [12] besides some special a p p lic a tio n s  
w here th e  n o d a l su rfaces y ie lded  in fo rm a tio n  on  th e  re la tiv e  o rdering  o f  m olec
u la r  o rb ita ls  [13, 14].

T h e  aim  o f th e  p re se n t w ork is to  in v e s tig a te  th e  in fo rm a tio n  fe a tu re s  
o f th e  я-М О  n o d a l p ro p ertie s .
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Inform ation th eory  is  already used in  chem istry in the stu d y  o f  m olec
ular top o lo g y  [15 — 18] and sym m etry [19], as w ell as for some problem s of 
m olecu lar orbital theory  like loge-theory o f  D a u d e l  [20], quantum  infor
m a tio n  theory  of I ng arden  [21], etc. One o f th e  approaches based on inform ation  
th eo ry  m ost often used introduces the so-ca lled  inform ation con ten t o f  the  
sy stem  under consideration. The equation o f  Shanno n  and W eaver  [22] is 
u su a lly  taken as a basis w hich defines th e  average inform ation con ten t of 
th e  sy stem , / ,  in bits:

Í  =  —  P i  ' lo g2 P i  • (1)
i=i

A  m od ifica tion  o f th is  e q u a tio n  [23] is u sed  to  define th e  to ta l  in fo r
m a tio n  c o n te n t of th e  sy s tem , I:

I  =  N  ■ I  =  IV ■ log2 N  -  2  N, • • log2 IV,- (2)
i = i

w h e re  N  is th e  to ta l  n u m b e r  o f elem ents o f  th e  sy stem , IV,, is th e  n u m b e r  of 
e le m e n ts  in  th e  i- th  g roup  o f  elem ents (a ll N  e lem ents are su p p o sed  to  be 
p a r t i t io n e d ,  according to  a c e r ta in  c rite rio n , in to  к  g roups hav ing  N x, JV2, . . ., N к 
e le m e n ts , respective ly ), p , ( =  N j / N )  in  E q . (1) is th e  p ro b ab ility  of a ra n d o m ly  
ch o sen  e lem en t to  be in  th e  i - th  group o f e lem en ts .

M ethods

T h e  sim plest a p p ro a c h  in  app ly in g  in fo rm a tio n  th eo ry  to  th e  a n a ly s is  
o f  th e  n o d a l p ro p erties  o f jr-m olecular o rb ita ls  is concerned w ith  a co m p le te  
se t o f  coeffic ien ts be lo n g in g  to  a given m o lecu la r  o rb ita l. D iv id ing  th is  se t 
in to  su b se ts  accord ing  to  th e  coefficients signs only  (plus, m inus, o r zero), 
a c e r ta in  q u a n tity  of in fo rm a tio n  m ay be a sso c ia te d  w ith  th e  m o lecu lar o rb ita l ,  
fo llo w in g  E qs (1) a n d  (2). T h is a p p ro a c h  rem in d s  th a t  o f th e  s im p lif ie d  
m o le c u la r  o rb ita ls , su g g ested  b y  H erndo n  a n d  Silber  [24], in  w h ich  th e  MO 
co e ffic ien ts  have th e  v a lu es  —)— 1, — 1 an d  0 on ly . This in fo rm atio n  m easu re  
on  n o d a l  p roperties o f m o lecu la r o rb ita ls , h o w ever, is n o t sensitive  en o u g h , 
o f te n  b e in g  th e  sam e fo r d iffe ren t MO’s. F o r  in s ta n c e , five ou t of e ig h t m o lec
u la r  o rb ita ls  describ ing th e  тг-electron  sy s te m  o f th e  cy c lo o c ta te traen e  m o le
cu le  h a v e  th e  sam e in fo rm a tio n  co n ten t.

A n o th e r  possible a p p ro a c h  is to  c o n s tru c t  th e  set of m o lecu lar s p a tia l  
re g io n s  be tw een  every  p a ir  o f  ad jacen t a to m s in  th e  m olecule u n d e r c o n s id e r
a t io n . T h ese  regions m a y  h a v e  or m ay  h a v e  n o t  a node, m an ifesting  n o d a l or 
n o n -n o d a l p roperties (see F ig . la ) .
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W hen th e  node is n o t lo c a te d  betw een  tw o a d ja c e n t a to m s, b u t  on a given 
a tom ic  nucleus (F ig . lb )  a q u e s tio n  arises how  to  in te rp re t  such  a  case and 
to  rem ain  w ith in  th e  sam e d e fin itio n . One covdd view  th e  tw o in te ra to m ic  
regions in  F ig . lb ,  belong ing  to  a th ird  k in d  o f  such  reg ion  w h ich  is n e ith e r  
nodal, nor non -n o d a l. W e p re fe r  a n o th e r in te rp re ta t io n  acco rd ing  to  w hich 
h a lf  o f th e  in te ra to m ic  regions o f  th is  k ind  is n o d a l ( th a t  w hich  b o rd e rs  th e  
node), and  th e  o th e r  h a lf  is n o n -n o d a l. T his w ill in tro d u c e  n o n -in teg e r values

F ig . 1. Partitioning of the л -molecular orbital space into nodal (I I) and non-nodal ([777777])
regions

fo r th e  in te ra to m ic  regions since  such a node a lw ays b o rd ers  tw o  regions. 
T re a tin g  th e se  tw o  reg ions a lw ays to g e th e r  one o b ta in s  as a w hole one nodal 
an d  one n o n -n o d a l region. In  su ch  a w ay th e  w hole in tra m o le c u la r  jr-m olecu lar 
o rb ita l space could  be d iv ided  in to  nodal an d  n o n -n o d a l reg ions. T h e  se t of 
jr-MO sp a tia l reg ions th u s  c o n s tru c te d  ( th e ir  n u m b e r is d en o ted  b y  m)  has n 
nod a l and  m — n n o n -n o d a l reg ions. A pply ing  E q . (2) an  in fo rm a tio n  m easu re  
on n oda l p ro p e rtie s , J NP, can  b e  specified:

7NP =  m  ■ log2 m  — n ■ log2 n  — (m  — n)  • log2 (m  — n)  (3)

This ap p ro ach  is app lied  to  я -m olecular o rb ita ls  o f  po lyenes a n d  an- 
nulenes.

Polyenes

B u tad ien e , C4H 6, is a co n v en ien t exam ple  to  d e ta il th e  m e th o d . I t  has 
four я -m olecu lar o rb ita ls  [25]. T h e ir  n oda l p ro p e rtie s  a re  d ep ic ted  in  F ig . 2.

The n u m b e r o f ca rb o n  a to m s  is d en o ted  b y  N ( =  4) and  th e  s e t  o f the 
sp a tia l regions h as  m  =  N  — 1 ( =  3) e lem ents. B y  w ritin g  th e  n u m b e r o f the  
non-nodal an d  n o d a l regions as o rdered  p a irs  o f e lem en ts  th e  fo llow ing  sets 
can  be c o n s tru c te d :

S 4( 3,0); S2(2 ,l) ;  S3( l ,2 ) ;  S4(0,3)

A pp ly ing  E q . (3) one can  ca lcu la te  th e  in fo rm a tio n  on th e  n o d a l p ro p 
erties of MO’s to  be I NP =  0 fo r S j and  S4 and  1NP =  3 • log2 3 — 2 =  2.75 b its 
for S 2 and  S 3. T herefo re , th e  p a ire d  o rb ita ls  (S 4 an d  S4; S 2 an d  S 3) h a v e  th e  sam e
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in fo rm a tio n  con ten t. In  a d d it io n , th e  low est o ccup ied  an d  h ig h es t unoccup ied  
m o le c u la r  o rb ita ls (LO M O , H U M O ) have a m in im u m  in fo rm a tio n  co n ten t. 
T h e  in fo rm a tio n  c o n te n t o f  th e  fro n tie r o rb ita ls  (H O M O , LU M O ) is h igher 
t h a n  t h a t  o f any  o th e r o rb ita l .

F i g .  2 .  Nodal and non-nodal regions ( I I and I //  / / / /I, respectively) of the four я-molecular
orbitals of butadiene

T h e  sets of jr-m o lecu la r o rb ita l sp a tia l reg ions of po lyenes h av in g  2 to  
10 c a rb o n  atom s are g iven  in  T a b le  I. One can  see t h a t  if  th e  m o lecu la r o rb ita ls  
a re  la b e lle d  b y  1,2,3, . . . , fc, respective ly , th e  n o d a l reg ions a re  к  — 1 in  
n u m b e r .  H ence, th e  in fo rm a tio n  on th e  n o d a l p ro p e rtie s  o f  th e  po lyene n-  
m o le c u la r  o rb ita ls 1 ^ P, m a y  b e  expressed as a fu n c tio n  o f th e  n u m b e r o f carbon  
a to m s  a n d  th e  MO lab e l o n ly :

I k P =  ( N  l ) - lo & (JV— 1 ) — (JV — *)-log,(JV  — *) -  (fc — l) . lo g , ( f c — 1) (4)

T ab le  I

N u m b e r  o f  th e  n o n -n o d a l  a n d  n o d a l  r e g io n s  i n  л -m o le c u la r  o r b i ta l s  o f  p o l y e n e s  u p  to  t e n  c a r b o n
a to m s

n -M O 2 3 4 5 6 7 8 9 10

Sr 1,0 2,0 3 ,0 4,0 5,0 6,0 7,0 8,0 9,0

S 2 0,1 1,1 2,1 3,1 4,1 5,1 6,1 7,1 8,1

S 3 0,2 1,2 2,2 3,2 4,2 5,2 6,2 7,2

S 4 0 ,3 1,3 2,3 3,3 4,3 5,3 6,3

S 5 0,4 1,4 2,4 3,4 4,4 5,4

S 6 0,5 1,5 2,5 3,5 4,5

S , 0 ,6 1,6 2,6 3,6

S 8 0,7 1,7 2,7

S 8 0,8 1,8

S io 0,9
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T his fu n c tio n  is expressed  in  F ig . 3 fo r  even  and  odd po ly en es h a v in g  
from  3 to  10 carb o n  a tom s.

T he follow ing conclusions can  be  re a c h e d  from  th e  re su lts  p re se n te d  
in  F ig . 3:

(1) T h e  p resence o f th ree  ty p e s  o f m o lecu la r o rb ita ls : b o n d in g , n o n 
b o n d in g , a n d  an tib o n d in g  is w ell re f le c ted  in  th e  in fo rm atio n  th e o ry  an a ly s is . 
(The b o n d in g  an d  an tib o n d in g  m o lecu la r o rb ita ls  lie on th e  le ft, a n d , respec-

F ig . 3. Information on the nodal properties of я -molecular orbitals of polyenes having from 3 
to 10 carbon atoms as a function of the MO label k. The points’of each curve express the different 
я-МО whose number equals the number of carbon atoms in the polyene under consideration. 

The ethylene molecule is presented by the line 1 — 2 on the abscissa

tiv e ly , r ig h t  side o f th e  in fo rm a tio n  c u rv e , w h ils t th e  n o n b o n d in g  o rb ita l  is 
g iven  in  a single m ax im u m  p o in t o f  th is  cu rv e .)

(2) S im ila rly , th e  sy m m etry  t h a t  e x is ts  be tw een  th e  b o n d in g  a n d  a n t i 
b o n d in g  o rb ita ls  of po lyenes ( th e  p a ir in g  th e o re m  of Coulson a n d  R u sh - 
brooke [26] is also re flec ted .

(3) T he fro n tie r  o rb ita ls  (HOM O a n d  LUM O) have th e  m a x i m u m  in 
fo rm a tio n  c o n te n t. In  th e  case w hen  th e  n u m b e r  of carbon  a to m s is o d d  th e  
in fo rm a tio n  c o n te n t o f th e  fro n tie r  N B M O  in  b its  is equal to  th is  n u m b e r.

(4) T h e  low est occupied an d  th e  h ig h e s t unoccupied  m o lecu la r o rb ita ls  
(LOM O a n d  H U M O ) h av e  th e  m i n i m u m  in fo rm a tio n  co n ten t, e q u a l to  zero .

(5) T he increase  in  th e  in fo rm a tio n  c o n te n t o f fro n tie r o rb ita ls , o ccu rrin g  
w hen  th e  n u m b e r o f  ca rb o n  a to m s in c reases  b y  one, is g rea te r  on  go ing  fro m
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ev en  to  odd th a n  fro m  o d d  to  even p o lyenes, a n d  in  p ara lle l w ith  som e m olec
u la r  p ro p e rtie s  becom es sm alle r a t a la rg e r N .

Since th e  p o ly en e  тг-e lec tron  energy  [27] E k, an d  in fo rm atio n  c o n te n t 
o f  each  jr-m olecular o rb ita l  o f a given p o ly en e  are  functions of th e  sam e 
q u a n tit ie s  (i.e., th e  t o ta l  n u m b er of ca rb o n  a to m s  an d  th e  MO labe l k)  th e y  
can  be re la te d  b y  th e  fo llow ing  expression :

I k p =  (cukit — 2) • log2 (otkic — 2) — (cukit — к — 1) •

• lo g , (a kit  — к — 1) — (Jfc — 1) ■ log2 (k — 1) (5)
w here

a  =  1/arcos (— 0 .5E h) (6)

E q u a tio n s  (5) a n d  (6) reflect (see also p ag e  324, lines 6 to  8) th e  w ell- 
k n o w n  fa c t [4, 25] t h a t  E increases w ith  th e  in c rea se  o f th e  n u m b er o f  nodes 
in  тг-m olecular o rb ita l.

A nnulenes

[IV] annu lenes re p re s e n t a fam ily  o f th e  m onocyclic  co n ju g a ted  h y d ro 
ca rb o n s , ( N  =  3, 4 , 5, . . .) [28]. B en zen e  m a y  be ta k e n  as an  ex am p le
to  i l lu s tra te  th e  a p p lic a tio n  o f our p rocedure  to  cyclic  system s.T he  n o d a l p ro p 
e rtie s  o f th e  m o lecu la r o rb ita ls  of benzene a re  d e p ic te d  in  Fig. 4.

К=4  K=5 K=6
F ig .  4 . Nodal planes of the benzene jr-MO’s

I n  annulenes th e  c a rd in a lity  n of th e  s e t  c o n s tru c te d  from  th e  n o d a l an d  
n o n -n o d a l regions (i.e ., th e  to ta l  n u m b er o f  jr-M O ’s) is equal to  th e  n u m b e r 
o f  c a rb o n  atom s N :  n  =  k max =  N .  T he fo llow ing  se ts  are form ed fo r th e  
b en zen e  тг-MO’s, in  w h ich  th e  num ber o f th e  n o d a l and  non-nodal reg io n s are  
ex p ressed  as o rdered  p a irs :

^ ( 6 ,0 ) ;  S2, S,(4,2); S4, S e(2,4); Se(0,6)
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The se ts  o f  nodal and  n o n -n o d a l regions in  annu lenes h a v in g  fro m  3 to  
10 carbon  a to m s are  p resen ted  in  T ab le  I I .

U tiliz ing  re la tio n s (1) a n d  (2) th e  follow ing eq u a tio n s  w ere  d eriv ed  
w hich  link  th e  in fo rm atio n  on th e  n o d a l p ro p e rtie s  of я -MO’s o f a n n u le n e s  w ith

Table II

N u m b e r  o f  th e  n o n - n o d a l  a n d  n o d a l  r e g io n s  i n  л -m o le c u la r  o r b i ta ls  o f  a n n u l e n e s  u p  to  t e n  c a r b o n
a to m s

71-MO С.Н, c.h , C.H, C,H, C,H, C.H, C.H, C,.H,D

S i 3,0 4,0 5,0 6,0 7,0 8,0 9,0 10,0

s* 1,2 2,2 3,2 4,2 5,2 6,2 7,2 8,2

S 3 1,2 2,2 3,2 4,2 5,2 6,2 7,2 8,2

S , 0,4 1,4 2,4 3,4 4,4 5 ,4 6,4

S 6 1,4 2,4 3,4 4,4 5,4 6,4

S . 0,6 1,6 2,6 3,6 4,6

S 7 1,6 2,6 3,6 4 ,6

S 8 0,8 1,8 2,8

S e 1,8 2,8

S 10 0,10

th e  n u m b er o f  ca rb o n  atom s a n d  th e  m o lecu lar o rb ita ls  label к :

JN p =  N  • log2 N  — ( N  — k) • log2 ( N  — k) — к ■ log2 к; к =  ev en  (7)

/ Г  =  N  • log2 N  -  ( N  -  к  +  1) • Iog2 ( j V - f c + 1 ) -

— (fc — 1) • log2 (к -  1); к  =  odd  (8)

R esu lts  fo r  annulenes u p  to  N  =  10 are  p resen ted  in  F ig . 5.
A nnulenes w ith  even n u m b e r  o f a to m s N ,  as seen from  F ig . 5 , e x h ib it 

a ll th e  fea tu re s  o f  th e  in fo rm a tio n  fu n c tio n  e stab lish ed  ea rlie r in  th is  w ork  
fo r  ji-MO’s o f po lyenes. In  a d d itio n , th e  degeneracy  o f th e  f ro n tie r  o rb ita ls  is 
a lso  re flec ted . I n  th e  case of odd  a n n u len es  (n o n -a lte rn an t m onocycles) th e  lack  
o f  sy m m etry  b e tw een  th e  b o n d in g  a n d  a n tib o n d in g  o rb ita ls  n a rro w s  th e  gen
e ra l conclusions ob ta ined  from  th e  in fo rm a tio n  fu n c tio n  m a k in g  th e m  also 
m ore  co m p lica ted :

(1) T he p resence  of tw o ty p e s  o f  m o lecu lar o rb ita ls , b o n d in g  a n d  a n t i 
b o n d in g , is ag a in  reflec ted  b y  th e  le f t , an d , resp ec tiv e ly , r ig h t s ide  o f  th e  in 
fo rm a tio n  cu rv e . The four k in d s  o f  cyclic com pounds, h av in g  c a rb o n  a to m s, 
re sp ec tiv e ly , N  =  4 n, 4n +  1, 4 n  +  2, an d  4re 3, differ, h o w ev er, in  th e  
w a y  in  w hich th e  o rb ita ls w ith  a  m ax im u m  in fo rm atio n  c o n te n t a re  re fe rred
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to  th e  tw o  typ es o f M O ’s. I n  th e  case of N  =  4 n  +  2 th e  fou r m ax im um  p o in ts  
a re  sy m m etrica lly  p a r t i t io n e d  in to  tw o b o n d in g  a n d  tw o  an tib o n d in g  M O’s. 
I n  th e  o th e r cases tw o  m a x im u m  po in ts a p p e a r  w h ich  fo r N  =  4n  -f- 1 refer 
to  th e  an tib o n d in g  M O ’s, fo r  N  — 4n  -f- 3 re fe r  to  b o n d in g  MO’s, an d  only

F i g .  5 .  In fo rm atio n  on th e  n o d a l p roperties of я -m o lecu la r o rb ita ls  o f annulenes h av in g  3 to  
10 c a rb o n  a to m s as a  fu n c tio n  o f  th e  MO label k. T he p o in ts  o f  e ach  curve express th e  d iffe ren t 
я -M O’s, whose num ber e q u a ls  th e  n u m b er of carbon  a to m s in  th e  ann u len e  u n d e r considera tion

fo r  N  =  4n  th e y  re fe r  to  th e  th ird  k ind  o f  m o lecu la r o rb ita ls  — th e  n o n 
b o n d in g  ones.

(2) T he fro n tie r  o rb ita ls  (HOMO an d  L U M O ) h av e  th e  m a x i m u m  in 
fo rm a tio n  co n ten t. E x p re s s e d  in  b its , th e  l a t t e r  is  eq u a l to  th e  n u m b er o f 
c a rb o n  atom s N  fo r N  =  4 n,  and  less th a n  i t  fo r  N  ^  4 n,  being re la tiv e ly  th e  
sm a lle s t fo r N  =  4n  +  2.

(3) LOMO an d  H U M O  have th e  m i n i m u m  in fo rm a tio n  co n ten t in  com 
p a riso n  w ith  th e  o th e r  o rb ita ls , respective ly  ( I l o m o  =  0 ;  I h u m o  =  0 ,  or Ф  0 ) .

(4) The in c rease  in  th e  in fo rm ation  c o n te n t  o f  th e  fro n tie r  o rb ita ls  
a p p e a rin g  w hen th e  n u m b e r  of carbon a to m s in c reases  b y  one, is d iffe ren t 
fo r rin g s  hav ing  4 n  +  2 , 4 n  3, 4n,  and 4 n  +  1 a to m s, decreasing reg u la rly  
in  th is  o rder.

M aking use o f  E q s  (7) and  (8) a o n e-to -o n e  correspondence b e tw een  
th e  energy  and  in fo rm a tio n  on nodal p ro p e rtie s  o f  jr-m olecular o rb ita ls  o f 
a n n u len es  is found:
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lj?p =  2aк л  ■ log2 2aк л  — (2якл  — к) • log2 (2х к л  — к) —

— к  • log2 к; к  =  even  (9)

If?p =  2aк л  • log2 2х к л  — (2 хк л  — к  1) • log2 (2aк л  — к  +  1) —

-  (к -  1) • log2 (к -  1); к  =  odd (10)
w here

a =  1/arcos (0 .5E k) (11)

In  ad d itio n , th e  expressions fo r th e  to ta l  in fo rm atio n  on th e  MO nodal 
p ro p e rtie s  of po lyenes and  annu lenes are  d e riv ed :

^to ta l  (Polyenes) =  N ( N  — 1) • log2 ( N  — 1) —

-  j ? ( N  - k )  log2 ( N  — k) +  ( k -  1) • log2 (к -  1) (12)
A=1

A-HOMO
I t o t a l  (A nnulenes) =  N 2 • logo N  — ( N  — к  +  A)  •

k —2a

• log2 ( N  -  к +  A)  +  (k -  A)  • log , (k -  A)  (13)

w here  fo r к - even , A  =  0 a n d  fo r к  =  od d , A  =  1.
O n th e  basis o f E qs (4), (7), an d  (8) i t  can  be concluded  t h a t  th e  in 

fo rm a tio n  c o n te n t o f  th e  fro n tie r  o rb ita ls  o f  polyenes increases u p o n  th e ir  
cy c liza tio n . This increase  is m ax im a l fo r  s tru c tu re s  hav ing  4n  — c a rb o n  atom s, 
a n d  m in im al for th o se  w ith  4n -j- 2 — ca rb o n s . In  th e  case o f s tru c tu re s  h av in g  
4re 1 or 4n +  3 — carbon  a to m s th e  in c rease  is o f th e  sam e o rd e r  an d  th e y  
h a v e  in te rm e d ia te  va lu es  b e tw een  4 n  an d  4n  -)- 2 rings.

B y  com paring  polyenes a n d  an n u len es  h av in g  N  - f  1, a n d  N  carbon  
a to m s, re sp ec tiv e ly , one can also  f in d  a g re a t s im ila rity  th a t  e x is ts  betw een  
th e  n o d a l p ro p ertie s  o f th e ir  m o lecu la r o rb ita ls  (Tables I an d  I I ) .  T h e  d is tr i
b u tio n  o f th e  n o d a l an d  non-noda l reg ions in  an nu lene  jt-M O’s can  be deduced 
from  th o se  of th e  co rrespond ing  p o ly en e  тг-M O ’s using  th e  fo llow ing  p ro ced u re :

1. In  th e  even -annu lenes th e  n u m b e r o f  nodal and  n o n -n o d a l regions 
in  each  тг-МО shou ld  be even, due  to  th e  m o lecu la r sy m m etry . H en ce , all the  
d is tr ib u tio n s  o f po lyene я -MO’s h a v in g  odd  n u m b er of n oda l a n d  non-noda l 
reg io n s shou ld  n o t be ta k e n  in to  acco u n t a n d  all o thers, ex c e p t LOM O and 
H U M O  d is tr ib u tio n s , should  be d u p lic a te d  in  th e  co rresp o n d in g  annu lene .

2. In  th e  odd -annu lenes, d u e  to  sy m m e try , th e  to ta l  n u m b e r  o f in te r 
a to m ic  regions is d iv id ed  alw ays in to  an  odd  n u m b e r o f no n -n o d a l a n d  an  even 
n u m b e r  of nod a l reg ions. T h en  ag a in , t h a t  d is tr ib u tio n  in  p o ly en e  тг-MO’s 
w h ich  do no t fu lfil these  co n d itio n s sh o u ld  be excluded  from  co n sid e ra tio n  
fo r an nu lenes, an d  a ll o th e r d is tr ib u tio n s , ex cep t th a t  co rresp o n d in g  LOMO, 
shou ld  be d u p lica ted .
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T h is  p rocedure  could  be  ex ten d ed  fo r p re d ic tin g  nodal p ro p e rtie s  o f 
гт-M O ’s in  d iffe ren t series o f  com pounds, w hich  h a v e  sim ilar topo logy , ta k in g  
p o ly e n e s  as reference co m p o u n d s. T he reference  p o ly en e  should  be se lec ted  
as su c h  to  rep roduce  th e  sam e to ta l  num ber o f n o d a l an d  non-nodal reg ions 
o f a m o lecu le  u n d er s tu d y . I t  is know n th a t  th e  m onocyclic , b icyclic , tr icy c lic , 
etc. co m p o u n d s  have  re sp e c tiv e ly  1, 2, 3, etc. b o n d s  (or regions b e tw een  th e  
n e ig h b o u rin g  a tom s) m ore t h a n  th e  co rrespond ing  po lyene h av in g  th e  sam e 
n u m b e r  o f  ca rbon  a to m s N .  T h e n  th e  reference p o ly en es hav in g  th e  sam e n u m 
b e r  o f  b o n d s  w ith  th e  th re e  s tru c tu re s  given be low  shou ld  have  1, 2, 3, etc. 
c a rb o n  a to m s  m ore th a n  th e  co rrespond ing  cyclic s tru c tu re , i.e. these  po lyenes 
sh o u ld  h a v e  19, 20, an d  re sp e c tiv e ly  21, in s te a d  o f  18 carbon  a tom s:

A n o th e r  in te re s tin g  re s u lt  is th a t  th e  in fo rm a tio n  on nodal p ro p e rtie s  
o f th e  f ro n tie r  o rb ita ls  in  m o st cases is co nserved  d u rin g  th e  t r a n s m u ta tio n  
o f a c e r ta in  s tru c tu re  in to  a n o th e r  one. F o r in s ta n c e , in  th e  case of po lyenes 
a n d  a n n u le n e s  a ty p ic a l t r a n s m u ta tio n  is g iven  below :

0 = 0 ----0 = 0 —о
o - -o
o --a!)

T h is  holds for a ll IV -m em bered rings ex cep t th e  m o st stab le  4re 2-ones:

EN +1-polyenes   rN-annulenes / ц \
1  HOMO(LUMO) — i HOMO(LUMO) V1

w h ere  N  =  4 n, 4 n  +  1, a n d  4 n  +  3.
E q u a l i ty  (14) is co n firm ed  from  th e  co m p ariso n  of Figs 3 an d  5. I t  is 

e a s ily  p ro v e d  from  th e  e q u a lity  be tw een  eq u a tio n  (8) g iven  for MO’s w ith  odd  
lab e l к  in  annu lenes h av in g  N  ca rb o n  a tom s, a n d  E q . (4) given fo r M O’s 
w ith  th e  sam e labe l k,  b u t  in  polyenes h av in g  N  О  1 in s tead  of N  a to m s. 
D ue to  th e  degeneracy , a f ro n tie r  MO w ith  an  o d d  lab e l к alw ays e x is ts  in  
a n n u le n e s . T he com parison  o f  th e  d a ta  from  T ab le s  I  an d  I I  shows t h a t  th e  
sam e o d d  lab e l k,  in  po lyenes h av in g  one ca rb o n  a to m  m ore th a n  th e  co rre 
sp o n d in g  ann u len e , also belongs to  a fro n tie r o rb ita l  w ith  th e  sam e n o d a l p ro p 
e r tie s . F o r  in s tan ce , fo r C5H 5 a n d  CeH e th is  is th e  la b e l к  =  3. T he sam e ho lds 
fo r th e  p a i r  C4H 4 an d  C5H 8, fo r  th e  p a ir  C7H 7 a n d  CgH 10 i t  is к  =  5, etc. O n ly  
fo r a n n u le n e s  hav in g  N  =  4 n -\- 2 carbon  a to m s (CeH e, C10H 10, etc.) th e  sam e 
odd  М О -lab e l к in  th e  co rresp o n d in g  polyene does n o t  belong to  a f ro n tie r  
o rb ita l . I n  th e  la t te r  case th e  p o ly en e’s fro n tie r  o rb ita l  h as  a label к '  =  к  -f- 1, 
a n d  E q s  (4) and  (8) are  no m ore  iden tica l.
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O th e r  reac tio n s in  th e  organic c h e m is try  o f con jugated  h y d ro c a rb o n s  
could he  exam ined  in  search in g  for m ore ex a m p le s  o f th e  co n se rv a tio n  o f  in 
fo rm a tio n  on nodal p ro p e rtie s  of fro n tie r  o rb ita ls  w hich could be  o f  u se  for 
th e  th e o ry  o f chem ical re a c tiv ity .

C onclusion

T h e  m ost in te re s tin g  re su lt of th e  in fo rm a tio n  th e o ry  analysis o f th e  nod a l 
p ro p e rtie s  o f jz-m olecular o rb ita ls  is th a t  th e  f ro n tie r  o rb ita ls  (H O M O , LU M O ) 
have th e  m a x i m u m  in fo rm a tio n  c o n te n t d u e  to  th e  equal or a lm o s t eq u a l 
n u m b er o f  th e ir  n o d a l a n d  non-nodal re g io n s . I t  is well know n [9, 10, 29] 
th a t  th e  fro n tie r  o rb ita ls  a re  of th e  g rea t im p o r ta n c e  in  th e  stud ies o f  chem ica l 
re a c tiv ity  an d  are of use  in  p red ic ting  (w ith in  th e  K lo p m an s’ th eo rem ) th e  f irs t  
io n iza tio n  p o te n tia ls  a n d  e lectron  a ffin itie s .

O n th e  o th e r h a n d , th e  hypo thesis  o f  th e  ex istence of a g en e ra l t re n d  
to w a rd  th e  m ax im um  in fo rm a tio n  c o n te n t o f  m a tte r  was recen tly  p ro p o sed
[30]. T h e  P a u li exc lusion  princip le , th e  f i r s t  H u n d  ru le and o th e r  k n o w n  or 
y e t u n k n o w n  ru les m a y  ap p e a r as specific  cases o f a ce rta in  genera l p rin c ip le  
of m ax im u m  in fo rm a tio n . The re su lt co n c e rn in g  th e  m axim um  in fo rm a tio n  
c o n te n t o f fro n tie r  o rb ita ls  and  i ts  p re se rv in g  in  some chem ical re a c tio n s  
offers a possib ility  to  in v es tig a te  w h e th e r  th e  W oodw ard  — H o ffm a n  
(D e w a r  —E v a n s) ru les [10, 29, 31, 32] m a y  also be associa ted  w ith  th is  
genera l in fo rm a tio n  p rin c ip le . S tudies in  th is  d irec tio n  are in  p ro g ress  [33].
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Pressure-hydrotherm al m ethod was developed in order to ob ta in  scandium  oxide 
deuteroxide. The m ost su itable conditions for the preparation are as follow s: 30 atm, 
90 °C, conversion tim e 150 hrs. Isotopically  and structurally pure ScO OD was obtained  
by this m ethod using scandium  m etal as a starting m aterial and separating the first 
fraction (about 20% ) o f scandium  orthodeuteroxide.

Calcination o f Sc(O D )3 in the tem perature range of 20 — 500 °C did not yield  
pure ScOOD.

The identification  o f sam ples was carried out b y  chem ical analysis, X -ray and 
spectroscopic m easurem ents.

T he s tru c tu ra l  in v e s tig a tio n  on tr a n s it io n  m e ta l ox ide h y d ro x id es  by 
m eans o f IR  [1] an d  th e  possib ility  o f d e te rm in in g  th e  p o sitio n  o f  hydrogen  
ions b y  m eans o f  n e u tro n  d iffrac tio n  [2] for w h ich  th e  d e u te ra te d  com pounds 
a re  essen tia l, w ere th e  reasons to  e lab o ra te  a m e th o d  fo r th e  p re p a ra tio n  of 
s tru c tu ra lly  p u re  scan d iu m  oxide d eu te ro x id e  p re p a ra tio n . M il l ig a n ’s p ro p 
osition  to  o b ta in  scan d iu m  oxide h y d ro x id e  b y  h ig h -p ressu re  m e th o d  [3], 
ap p ea red  to  he o f  no use  in  case o f scan d iu m  d eu te ro x id e  b ecau se  o f  tech n ica l 
d ifficu lties. T he m e th o d  o f A u e r -W elsba ch  an d  Se if e r  [4] cou ld  n o t be 
ap p lied  because o f  u n sa tis fy in g  p u r ity  of th e  o b ta in e d  p re p a ra tio n . P re p a ra tio n s  
o b ta in ed  b y  th e  m e th o d  w hich  h ad  been  u sed  to  p rep a re  iro n (I I I )m e ta -  
d eu te rox ides [5, 6] w ere heterogeneous b o th  from  chem ical a n d  X -ra y  s tru c 
tu ra l  po in ts  o f v iew . A fte r  m an y  tr ia ls  we e la b o ra te d  th e  p re ssu re -h y d ro th e rm al 
m e th o d  fo r th e  p re p a ra tio n  o f pu re  scan d iu m  oxide d e u te ro x id e . T h e  m ethod  
is s im ilar to  th a t  w h ich  h as  been  p roposed  b y  M. FiGLARzet al. [7] fo r th e  ox ida
tio n  o f c o b a lt( I I )h y d ro x id e .

E xperim en ta l

Sc(OD)a was obtained b y  two m ethods from two different starting m aterials. H ydrated  
ScClj (K och Light L aboratorium  L td., Cotubrook B ucks, England) dried in air a t 120 °C for 
42 hours was used in the first case. As a result o f drying, scandium  chloride w ith  a water con
ten t o f 4.86%  was obtained; this was found b y  determ ining scandium  b y  com plexom etric 
titration  [8]. The determ ination o f C l-  was carried out b y  precipitating AgCl, dissolving the 
precipitate in NH 4OII in the presence of K 2[Ni(CN)4], and determ ining the liberated N i2+ ions 
b y  the m ethod of F l a sc h k a  and H u titz  [9]. 5.26 g of the preparation obtained  in the above 
described way, containing 5 g o f ScCls, was dissolved in  33 cm 3 of 99.75%  pure D 20  (produced
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in  th e  In st itu te  of Nuclear R esearch, W arsaw, Poland) follow ed b y  slow addition of 90 cm 3 
of 1 .1 M  N aO D  solution in D 20  o f an isotop ic  purity of 99.65%  in order to precipitate Sc(O D)3. 
The o b ta in ed  pD  was 6.9.

T h e  negligible am ount o f H 20  present in D20  was obtained b y  adding of ca Ш  solution  
of N a O D . The Sc(OD)3 precipitate form ed was filtered, and dried at 20 °C in dry nitrogen.

In  th e  second case 1.48 g o f scand ium  m etal (99.98% ) was dissolved in  hot DC1 solution  
(40 c m 3 o f  10% solution in D 20 )  and after  evaporating to 33 cm 3, Sc(O D)3 was precipitated as 
in th e  f ir s t  case.

Independently , the sam ples o f  Sc(O D )3 were prepared b u t the first portion (ca 20%) 
was p rec ip ita ted  and rem oved, w hereafter the other part o f scandium  deuteroxide w as precipi
ta te d  a n d  treated  in the sam e w ay  as described above.

T h e  ScOOD and ScOOH preparations were obtained by pressure-hydrotherm al m ethod.
T h e  apparatus consisted o f a pressure reactor in w hich the suspension of scandium  ortho- 

d eu tero x id e  (obtained in the above described manner) in 20 cm 3 of h eavy  water was placed. 
T he su sp en sion  was stirred during reaction , the reactor was k ep t under constant oxygen  pressure 
and th e  w h ole  reactor was therm ally  controlled.

Scand ium  in Sc(OD)3 and ScO O D  was determined by E D T A  titration, and deuterium  
by o x y d a tio n  m ethod on a Perkin E lm er 240 apparatus. The IR  spectra were taken on a 
P erk in — E lm er 580 apparatus in th e  range of 4000 — 400 c m “ 1 using K Br pellets. The X -ray  
diffraction  patterns (Co Ka) were ob ta in ed  on a T U R  M-62 diffractom eter w ith  horizontal 
gon iom eter  w ith  GM counter m oving  a t a speed of 1° m in -1 . In  all m easurem ents a vo ltage of 
30 K V  an d  a current of 25 m A w ere applied.

R esu lts and Discussion

S c(O D )3 ob ta ined  fro m  tw o  d ifferen t s ta r t in g  m a te ria ls  w ere o f h igh 
p u r i ty  b o th  s tru c tu ra lly  a n d  iso to p ica lly . The com m ercia l ScCl3 a fte r  p ro longed  
d ry in g  a t  120 °C s till c o n ta in e d  4 .86%  of H 20  due to  in creased  S c(O H )3 con
te n t  in  p re c ip ita te d  Sc(O D )3. I n  case of scan d iu m  m e ta llis e d  as a s ta r tin g  
m a te r ia l  th e  presence o f O H  g ro u p s  in  Sc(OD)3 depends on th e  a m o u n t o f H 20  
in  D 20  a n d  th e  am oun t o f N a O H  in  N aO D . T ak in g  in to  acco u n t H 20  an d  N aO H  
p re s e n t  in  D 20  and N aO D , re sp ec tiv e ly , and  th e  H 20  c o n te n t in  scan d iu m  
c h lo r id e , th eo re tica lly  th e  m a x im u m  co n ten t o f  S c(O H )3 in  scan d iu m  ortho- 
d e u te ro x id e  ob ta ined  b y  th e  f i r s t  m ethod  is 3 1 .5 % , a n d  b y  th e  second one 
1 7 .0 % . T h e  rea l co n ten t o f  O H  groups in  Sc(O D )3 is s lig h tly  sm aller th a n  
m e n tio n e d  above. The re su lts  o f  IR  m easu rem en ts (cu rve  1 in  F ig . 1) confirm  
t h a t  e v e n  th e  app lica tion  o f  re a g e n ts  of h igh iso to p ic  p u r i ty  c a n n o t assure  
th e  fo rm a tio n  of iso to p ica lly  p u re  ScOOD in d e p e n d e n tly  o f th e  s ta r t in g  m a 
te r ia l ,  i f  th e  whole am o u n t o f  p re c ip ita te d  Sc(O D )3 is u sed  for th e  p re p a ra tio n  
o f  s c a n d iu m  oxide d e u te ro x id e . W e have found  ex p e rim e n ta lly , th a t  in  case 
o f S c (O D )3 ob ta ined  from  sc a n d iu m  m etal, c o n ta in in g  th e o re tic a lly  m ax im um  
1 7 .0 %  o f  Sc(O H )3 a fte r re m o v in g  th e  firs t p o rtio n  o f p re c ip ita te  (ca 20% ), 
fro m  th e  rem ained  p a r t  we c a n  o b ta in  iso top ica lly  p u re  ScOOD b y  p ressu re  
h y d ro th e rm a l  m ethod. T h is c a n  be  confirm ed b y  th e  a b so rp tio n  b a n d  a t  2700 
c m “*1 co rrespond ing  to  OD g ro u p  v ib ra tio n s (cu rv e  2 in  F ig . 1). ScOOD 
o b ta in e d  u n d e r these new  c o n d itio n s  b y  th e  f ir s t  m e th o d  s till co n ta in ed  som e 
O H  g ro u p s  [absorp tion  b a n d s  a t  3300 c m “ 1 co rresp o n d in g  to  s tre tc h in g  
v ib r a t io n  o f OH group (cu rv e  3 in  F ig . 1)]. F o r co m p ariso n , cu rv e  4 in  F ig . 1
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re p re se n ts  th e  sp e c tra  of pu re  S cO O H . T he presence  o f O H  groups in  ScOOD 
is caused  b y  th e  w a te r  rem ained  in  th e  s ta r t in g  m a te ria l — scan d iu m  ch lo ride , 
d r ie d  a t  120 °C. T h e  p u r ity  of ScO O D  is also in flu en ced  b y  th e  pD  o f th e  so lu 
tio n  a fte r  th e  p re c ip ita tio n  o f th e  scan d iu m  o rth o d eu te ro x id e . T h e  p ro p e r  p H  
fo r th e  p re c ip ita tio n  o f Sc(O H )3 is be tw een  6.0 an d  6.5 [10]. T h is v a lu e  w as 
k e p t  w hen  p re c ip ita tin g  Sc(O D )3 ta k in g  in to  acco u n t th a t  pD  =  p H  -f- 0.4

c m '

F ig. 1. IR  spectra o f ScOOD/ScOOH in  the range o f 4000 400 cm -1 ; 1. ScOOD obtained
from  scandium  m etal w ithout the separation of the first fraction; 2. ScOOD obtained  from  
scandium  m etal after the separation of the first fraction; 3. ScOOD obtained from  ScCl3 dried 

after the separation o f the first fraction; 4. ScOOH

[11]. I t  was fo u n d  th a t  an  in crease  o f 0.5 in  pD  caused  a decrease in  ScOOD 
y ie ld  of 16%  a n d  th a t  a decrease o f  0.2 in  pD  caused  th e  p ro d u c t to  co n ta in  
3 .7 %  of C l- . T h is ion  can n o t be rem o v ed  b y  w ash ing , p ro b ab ly  b ecau se  i t  is 
occluded  b y  Sc(O D )3.

A t th e  conversion  of scan d iu m  o rth o d eu te ro x id e  to  oxide d e u te ro x id e  
b y  th e  p re ssu re -h y d ro th e rm al m e th o d  th e  tim e  o f th e  p rocedure  d e te rm in e d  
th e  fo rm atio n  o f p a r tic u la r  c ry s ta llo g rap h ic  phases  in  th e  fin a l p ro d u c t (o th e r 
p a ra m e te rs  rem ain ed  c o n s ta n t: p re ssu re  30 a tm , te m p e ra tu re  90 °C). This 
w as found  b y  m eans o f chem ical a n d  X -ra y  an a ly sis . F o r exam ple  — fo r th e  
p re p a ra tio n  o b ta in e d  b y  p ressu re  h y d ro th e rm a l m eth o d  la s tin g  fo r 75 hours 
— i t  w as found  b y  m eans of chem ical analysis — th a t  th e  c o n te n t o f  scan d iu m  
in  th is  com pound  w as 51 .2% . T h is  v a lu e  is sm alle r th a n  th e  th e o re tic a l one 
fo r  scand ium  ox ide  deu te ro x id e  b y  5 .7 % , w hereas th e  X -ra y  s tu d y  show s 
th a t  th e  only  p h ase  w hich  occurs is th e  p h ase  o f scand ium  oxide d e u te ro x id e  
(cu rv e  1 in  F ig . 2). A n increase in  th e  tim e  o f p re p a ra tio n  up  to  150 hou rs  
causes th e  increase  of scand ium  c o n te n t in  th e  p re p a ra tio n  (56 .8% ) a n d  from  
X - ra y  d iffrac tio n  s tu d y  i t  is con c lu d ed  th a t  th e  on ly  phase , w h ich  is p re se n t 
is scan d iu m  oxide d eu te rox ide . I t  seem s th a t  th e  decrease o f b a c k g ro u n d  in
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d iffra c to g ra m  (curve 2 in  F ig . 2) confirm s th e  p resence  of X -ray -am o rp h o u s  
sc a n d iu m  o rth o d e u te ro x id e . P ro lo n g a tio n  o f th e  tim e  o f p re p a ra tio n  u p  to  225 
h o u rs  le ad s  to  th e  fo rm a tio n  o f a second c ry s ta llo g ra p h ic  phase (cu rv e  3 in  
F ig . 2), w h ich  was also  c o n firm ed  by  th e  in c rea se  o f  scand ium  c o n te n t u p  to  
6 2 .7 % . I t  can  be co n c lu d ed  fro m  these  d a ta  t h a t  to g e th e r  w ith  scan d iu m  oxide 
d e u te ro x id e , scand ium  o x id e  was form ed u n d e r  th e se  cond itions. T h is  leads

F ig . 2 . Diffractogram s o f scand iu m  oxide deuteroxide obta ined  b y  the pressure-hydrotherm al 
m ethod — 1— 75 hrs, — 2 — 150 hrs, — 3 —225 hrs

to  th e  conclusion t h a t  th e  m o st su itab le  p e rio d  o f tim e  for th e  p re p a ra tio n  
is 150 h o urs. D uring  th is  p e rio d  of tim e  sc a n d iu m  o rth o d eu te ro x id e  is com 
p le te ly  con v erted  in to  sc a n d iu m  oxide d e u te ro x id e , and  scan d iu m  oxide is 
n o t  y e t  form ed. T he sch em e  o f phase changes show n  in  F ig . 3 w as e s tab lish ed  
b y  in v e s tig a tin g  th e  d e h y d ra tio n  of Sc(O D )3 o v er a w ide te m p e ra tu re  range  
a n d  b y  th e  X -ray  a n d  ch em ica l analyses o f  th e  p rep a ra tio n s . I t  h a s  been  
p o in te d  o u t th a t  d u rin g  th e  scand ium  oxide h y d ro x id e  fo rm atio n  th e  co n v er
sio n  occurs a t a p re ssu re  o f  15 a tm  an d  th e  p ro d u c t ( tak in g  in to  acco u n t 
X - r a y  d a ta )  co rresponds to  scand ium  oxide d e u te ro x id e  o b ta in ed  a t  30 a tm . 
S c a n d iu m  o rth o d e u te ro x id e  ob ta in ed  from  sc a n d iu m  m eta l w as d ried  a t  d if
f e re n t  te m p e ra tu re s  b e tw e e n  20° and  500 °C fo r tw o  h ours a t  each te m p e ra tu re  
in  o rd e r  to  s tu d y  th e  d e h y d ra tio n  of Sc(O D )3 d u rin g  ca lc in a tio n  (T able  I). 
A fte r  d ry in g  a t  20 °C th e  scan d iu m  c o n te n t w as 5 .4 %  an d  a t  500 °C 65 .1% , 
a n d  th e  d eu te rium  c o n te n t  w as 10.1%  a t  20 °C a n d  above 450 °C d e u te riu m
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w as n o t p re sen t in  th e  sam ple. A t 120 °C scan d iu m  an d  d e u te r iu m  c o n te n t 
a re  a lm o st id e n tic a l w ith  th e  th e o re tic a l ones in  ScOOD, w hich  su g g ests  th e  
fo rm a tio n  o f  p u re  p h ase  of th is  co m p o u n d . T h e  X -ra y  s tu d y  cu rv e  in  F ig . 4 
co n firm ed  th e  p resence  o f  Sc20 3 p h ase  a n d  o f  am orphous S c(O D )3, th u s  th e

F ig. 3. Phase’changes o f  scandium  orthodeuteroxide during the preparation o f scand iu m  oxide  
deuteroxide by the pressure-hydrotherm al method

Table I

Percentage o f  scandium and deuterium content in  the preparation after two hours calcination o f  
scandium  orthodeuteroxide and oxide deuteroxides in the temperature range o f  2 0 — 500 °C

°c
Sc(OD), ScOOD

% sc %D %Sc %D

20 5.4 1 0 .1 19.2 5.1

50 12.4 6 .2 27.4 3.9

100 51.2 4.1 56.9 2 .6

120 56.9 2.5 56.9 2 .6

150 57.2 2 .1 57.1 2.5

2 0 0 58.4 1.9 57.3 2.5

2 2 0 59.1 1 .2 57.3 2.5

250 60.1 1 .0 57.4 2.5

300 61.2 0 .6 57.4 2.5

400 64.1 0 .1 64.8 —

450 64.9 — 65.1 —

500 65.1 — 65.1 —

a n a ly tic a l re su lts  w ere  th e  m ean  o f th e  S c(O D )3 an d  Sc20 3 phases. C a lc in a tio n  
o f  Sc(O D )3 a t  h ig h e r te m p e ra tu re s  does n o t  re su lt  in  th e  fo rm a tio n  o f  X -ra y  
p u re  ScOOD a lth o u g h  i t  w as found  in  c a lc in a tio n  p roduc ts. O b ta in e d  b y  p re s 
su re -h y d ro th e rm a l m e th o d  iso to p ica lly  p u re  ScO O D  was ca lc in a ted  u n d e r  th e  
sam e  cond itions. U p  to  100 °C th e  p re p a ra t io n  loses m ost o f its  D 20  c o n te n t,
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a n d  in  th e  te m p e ra tu re  ran g e  of 100 —120 °C a  p re p a ra tio n  of chem ical co m 
p o s itio n  close to  th e  th e o re tic a l one is o b ta in e d .

I n  te m p e ra tu re  ra n g e  of 150 — 300 °C slow  conversion  of ScOOD in to  
Sc20 3 is observed  w h e re a s  above 300 °C th is  c o n v e rs io n  is rap id . T h e  second  
d iffra c to g ram  in  F ig . 4 confirm s th e  p resence  o f  Sc20 3 phase in  th e  p ro d u c ts  
o f ScO O D  ca lc in a tio n  a t  400 °C.

Fig. 4. Diffractogram s o f  calcination  products: 1. Sc(O D )3 dried at 120 °C; 2. ScOOD dried
at 400 °C

Table II

Percentage o f  scandium content in  scandium oxide deuteroxide dried at 20 °C for 2 to 500 hours

h % Sc

2 19.1
5 21.9

10 24.5

50 56.8

100 56.9
150 56.9

200 56.9
300 56.9
400 56.9

500 56.9
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P u re  ScOOD o b ta in e d  b y  p ressu re -h y d ro th e rm al m eth o d  w as also dried 
a t  20 °C fo r 500 h ours (T ab le  I I ) . T he analysis  o f p ro d u c ts  show s th a t  a fte r 
50 hrs o f d ry ing  a s ta b le  com p o u n d  is o b ta in ed . T h e  co m position  o f  th is  com 
p o und  does n o t change d u rin g  th e  tim e  a t  ana ly sis .

Conclusion

T here  are tw o s ta g e s  o f th e  p re p a ra tio n  o f  ScOOD b y  p re ssu re -h y d ro 
th e rm a l m ethod :

1. Sc(O D )3 fo rm a tio n
2. Sc(O D )3 co n v ersio n  in to  ScOOD.

The m ost favourab le  co n d itio n s  of conversion  a re : 90 °C, 30 a tm , an d  a 
conversion  tim e  of 150 h rs .

P re ssu re -h y d ro th e rm a l m ethod , e s tab lish ed  b y  us, assu res th e  fo rm atio n  
o f iso to p ica lly  and  X - ra y  p u re  ScOOD p ro v id ed  th e  f irs t  f ra c tio n  (ca 20%  
o f to ta l)  o f Sc(OD)3 p re c ip ita te  is rem oved  an d  scan d iu m  m e ta l is used  as a 
s ta r tin g  m ate ria l. ScO O D  o b ta in ed  b y  th is  m e th o d  is s tab le  a t  20 °C in  d ry  air 
for 500 h rs . The p re p a ra tio n s  o b ta in ed  a fte r  Sc(O D )3 ca lc in a tio n  in  th e  te m 
p e ra tu re  range  of 20 —500 °C u n d e r a tm o sp h eric  p ressu re  are  n o t p u re  ScOOD 
b u t th e y  co n ta in  Sc20 3 p h ases . The p re ssu re -h y d ro th e rm al m e th o d  can  also 
be used  to  p repare  p u re  ScO O H . T he m ost su ita b le  co n d itio n s o f  Sc(O H )3 
conversion  in to  scan d iu m  ox ide  h y d ro x id e  are th e  follow ing 90 °C, a conversion 
tim e  o f 150 hrs, an d  15 a tm .
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Therm olabile hydrogels of poly(vinyl a lcohol) (PVA) have been prepared and 
investigated  in  order to get inform ation on th e  structural differences o f  th e  gels using  
solubility  and m echanical m easurem ents. In th is work unilateral com pression m easure
m ents were carried out on physically bonded Р У А  gels. The experim ental results proved  
the va lid ity  o f  the theory for rubber-elastic polym er networks taking in to  account the  
slow-slippage o f the junction  points under m echanical stress.

The influence of gelation conditions and the solvent exchange upon the gel 
structure is apparent from the constant C, w hich is proportional to the e lastic  m odulus.

The com parison of the results o f so lub ility  and mechanical m easurem ents perm its 
the conclusion th a t for therm ally treated gels the in itial decrease of the e la s tic ity  is a 
result of a structural rearrangement. The observed plateau and the subsequent decrease 
o f the m odulus can be explained by stepw ise breakdow n of the structure w h ich  causes 
the decrease o f the num ber o f e lastically  e ffective  chains only i f  the tem perature is 
higher than 335 K.

The results m entioned above are in agreem ent w ith our previous fin d in gs about 
the approxim ate bond-energy spectrum  in these  gels.

Introduction

A n acco u n t w as g iven b y  us ea rlie r [1] o n  th e  so lub ility  o f  h y d ro g en - 
b o n d ed  PV A  gels. T h e  m echanism  of th e  tr a n s i t io n  o f gel —► p o ly m e r so lu tio n  
seem ed to  be m ore  co m p lica ted  th a n  i t  w as fo u n d  on the  basis o f  rh eo lo g ica l 
m easu rem en ts . T h ro u g h  changes in  th e  so lu b ility  of therm o lab ile  h y d ro g e ls  
w ith  in creasin g  te m p e ra tu re  allow ed to  get in fo rm a tio n  on th e  e n e rg y  va lu es  
o f th e  d iffe ren t ju n c tio n  sites in  th e  p h y s ic a lly  bonded  hydrogels. W ith  th e  
help  o f  th e  H -b o n d  d is ru p tin g  effect o f  n -p ro p a n o l th e  su p erm o lecu la r s tru c 
tu r a l  d ifferences cou ld  be estab lish ed .

T h e  m ain  p u rp o se  o f th e  p re sen t w o rk  w as to  s tu d y  th e  m e c h a n ic a l-  
rheo log ica l b e h a v io u r  o f  th e se  th e rm o lab ile  gels g e ttin g  fu r th e r  in fo rm a tio n  
on th e  gel s tru c tu re  an d  th e  th e rm a l s ta b i l i ty  o f  th e  ju n c tio n  sites.

F ew  re p o rts  are  dealing  w ith  th e  m ech an ica l—rheological in v e s tig a tio n s  
o f p h y sica lly  b o n d ed  hydrogels, th e  in te re s t  is m a in ly  focused so fa r  on  th e

* Presented before the Com m ittee on Physics o f P lastics, Hungarian A cadem y o f Sciences, 
October 1977
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ru b b e r  e la s tic ity  o f chem ica lly  cross-linked  gels. A m ong  several basic  p ro b lem s 
i t  seem s v e ry  im p o r ta n t  t h a t  how  th e  m ech an ica l b e h a v io u r of these  p h y s ic a lly  
b o n d e d  n e tw o rk s  can  re fle c t th e ir  s tru c tu ra l c h a ra c te r is tic s , and  w h e th e r  th e  
th e o ry  o f  ru b b e r  e la s tic  chem ical ne tw orks cou ld  b e  app lied  in th e  case o f  th e se  
gels.

I t  seem s to  be e v id e n t th a t ,  i f  th e  ju n c t io n  s ites do no t b re a k  d ow n  on  
m e c h a n ic a l d e fo rm atio n , a n d  no volum e ch an g es a re  ta k e n  place, th e  p h y s 
ic a lly  b o n d e d  gels can  be tr e a te d  as th e  ch em ica lly  cross-linked ones.

A m o n g  o th ers  i t  has been  found  [2] t h a t  th e  tim e  dependen t s tre ss  can  
be fa c to re d  in to  a fu n c tio n  o f tim e  and  fu n c tio n  o f  s tra in . The tim e  d e p e n d e n t 
a n d  e q u ilib r iu m  m ech an ica l b eh av io u r o f g e la tin e , ag ar-ag ar and  PV A  — e th y 
lene  g ly co l hydrogels w ere s tu d ie d  b y  P in e s  a n d  P rins [3 ].T h e  s tre ss  r e la x 
a t io n  d a ta  in d ic a te d  th a t  o n ly  in  th e  case o f  g e la tin e  gels fu lfilled  th e  above- 
m e n tio n e d  co n d itio n s, th e  se p a ra b ility  o f th e  tim e  an d  defo rm ation  d e p e n d 
ences o f  th e  stress . So th e  th e o ry  of ru b b e r-lik e  chem ical netw orks cou ld  be 
a p p lie d  a n d  th e  m odulus o f  e la s tic ity  could  be  ca lcu la ted  only fo r th e  g e la 
tin e  h y d ro g e ls .

Sh ib a t a n i [4] s tu d ie d  th e  changes o f gel r ig id i ty  as a fu n c tio n  o f  gelling  
tim e  a t  d iffe re n t te m p e ra tu re s  on lig h tly  c ro ss-lin k ed  PY A  hydrogels b y  stress- 
s t r a in  m e a su re m e n ts  an d  ca lcu la ted  th e  n u m b ers  o f  ju n c tio n s  in  th e  gel u sing  
th e  th e o r y  o f  ru b b e r  e la s tic ity .

Ogas aw  ara et al. [5] s tu d y in g  th e  syneresis  o f  PV  A hydrogels p o in te d  o u t 
t h a t  th e  lo g a rith m ic  re la tio n sh ip , found  b y  H ir a i , betw een  th e  e la s tic  m o d u li 
o f  th e  gel a n d  th e  p o ly m er c o n cen tra tio n  w as v a lid  in  th e  case w hen  th e  PV A  
c o n c e n tra tio n  in  th e  gel v a rie d  due to  sy n eresis .

Ogasaw ara  et al. [6] h av e  s tu d ied  th e  e ffec t o f sy n d io ta c tic ity  on  th e  
r ig id ity  o f  th e  gel b y  d e te rm in in g  th e  b le n d in g  m odulus of a ro d -lik e  gel. 
A cco rd in g  to  th e  ru b b e r  e la s tic  th e o ry  of F lory  th e  n u m b er of m oles o f  chains 
in  th e  n e tw o rk  (v) w as ca lc u la ted  from  th e  e la s tic  m oduli (104—105 N m ~ 2).

I n  o u r p rev ious w o rk  [1] th e rm o lab ile  P Y A  hydrogels w ith  d iffe re n t 
su p e rm o le c u la r  s tru c tu re  h a v e  been  p re p a re d  b y  u s in g  d ioxane as a p re c ip ita n t  
w h ich  h a s  been  ch an g ed  a g a in s t w a te r  a f te r  g e la tio n  h ad  tak en  p lace . I t  w as 
fo u n d  t h a t  th ese  hyd rogels b eh av ed  as so ft r u b b e r  e lastic  m ateria ls , th e  ju n c 
t io n  s ite s  o f  th e  n e tw o rk  w ere stab le  enough , a n d  no volum e ch an g e  to o k  
p lace  on  u n ila te ra l  com pression . T hus we h av e  m ad e  an  a tte m p t b y  th e  help  
o f  m e c h a n ic a l m easu rem en ts  to  get fu r th e r  in fo rm a tio n  on gel s tru c tu re .

E xperim en ta l

M ateria ls. The gels were prepared from a com m ercial PYA, Rhodoviol 16/20 (R hone- 
P oulen c, Paris). The acetate conten t o f the sam ple w as reduced by alkaline hydrolysis to  
•~ 0 .3  m ol% . T he hom ogeneity w ith  respect to m olecular w eigh t was increased b y  fractionation
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(M w =  80,000). The syndiotactic  triad content determ ined from the IR  spectrum  data by- 
m eans o f the K e n n y - W illco ck so n  equation [7] was 36%.

The PV A  gels were prepared using dioxane as a precipitant, w hich has been  exchanged  
against w ater after gelation had taken place [1].

T he characteristics o f  the hydrogels stu d ied  b y  mechanical m easurem ents are listed in 
Table I. T hese characteristics are the com position o f the system  under gelation  ( m>p v a > M’dioxane)> 
th e  volum e fraction of the polym er in the gel (ti2), and the constant (C) from  m echanicalm eas- 
urem ents, w hich is proportional to the num ber o f elastically effective netw ork  chains and the 
m odulus o f elasticity.

Table I

Some characteristic param eters o f  the P V A  hydrogels

Gelling system PVA hydrogel

PVA content, 
“'PVA

Dioxane content, 
“'dioxane

C
(kNm -*)

0.08 0.46 0.047 12.6

0.04 0.48 0.029 4 .0

0.06 0 .48 0.048 17.3

0.08 0.48 0.072 40.3

0.04 0.50 0.030 3.2

0.06 0.50 0.047 11.5

0.08 0.50 0.060 19.2

0.04 0.52 0.029 3.1

0.06 0.52 0 .044 8.3

0.08 0.52 0.057 12.4

0.04 0.54 0.030 2.8

Methods

U nilateral com pression m easurem ents were carried out by m eans o f a m od ified  analytical 
balance [8]. The apparatus allow ed us to m easure both  the applied force and deform ation with 
high accuracy i.e. ±  10 N  and ± 0 .0 2  m m , respectively . The compression m easurem ents were 
undertaken on 10 X 10 X 10 m m  gel cubes and on isodim ensional cylindrical specim ens. W ithin 
th e  applied deform ation ratios (A  =  1.0 — 0.7), th e  cross-sectional changes due to  th e  deforma
tion  did n o t cause greater deviations than the system atic  error of the m ethod. T he dimensions 
o f  the gel sam ples before com pression were determ ined w ith 0.02 m m  accuracy b y  m eans of 
a cathetom eter. The m easurem ents were carried out a t 298 K , and the reproducibility  
o f  the m ethod  was w ithin ± 5 % .

Results and Discussion

As i t  has been  m en tio n ed  ea rlie r, th e  inv estig a ted  PY A  h y d ro g e ls  had  
a  ru b b e r-lik e  e la s tic ity , th e y  w ere d efo rm ed  iso trop ically  a n d  d id  n o t  change 
th e ir  vo lu m e u n d e r com pression  a t  th e  ap p lied  defo rm ation  ra t io s .

F o r  e v a lu a tio n  o f  th e  re su lts  i t  w as im p o rta n t to  decide w h e th e r  these 
p h y sica lly -b o n d ed  hydrogels can  be in te rp re te d  by  th e  th e o ry  o f  chem ically

Acta Chim. Acad. Sei. Hung. 102, 1979



3 4 4 G Y Ö R G Y I-E D E L É N Y I, NAGY: POLY(VINYL A LCO HO L) GELS

c ro ss -lin k e d  rubber-like gels, i .e.  w hether th e  u n id ire c tio n a l tim e-d ep en d en t 
s tre s s  (o ^ )  can  be fa c to re d  in to  a function  o f tim e  a n d  fu n c tio n  of s tra in  [2 ]:

w h e re
t f i i (A d )  =  Г ( Л г) E( t)

m  =  E 'EeH-—nr

L U rn _

( 1 )

( 2)

i.e. t h e  logarithm ic  p lo ts  o f  rr}l against tim e  a t  d if fe re n t tensile  s tra in s  a re  
c lo se ly  para lle l.

T h e  stress re la x a tio n  o f  tw o  PYA hydrogels w ith  d iffe ren t po lym er co n 
t e n t  a t  co n stan t u n ila te ra l  com pression  ra tio s  a re  show n  in  Fig. 1. T h e  
lo g a r ith m ic  plots of th e  fo rce  ( F) ,  needed to  m a in ta in  c o n s ta n t d efo rm atio n  
a g a in s t  tim e  (t) are closely  p a ra l le l  w ith  a slope o f  — 0.02 . I t  is n early  b y  one 
o rd e r  sm alle r th a n  th e  — 0 .28  va lue , found fo r g e la tin e  hydrogels b y  P i n e s  
a n d  P r i n s  [3].

I t  w as also in v e s tig a te d  w h e th e r th e  th e o re tic a l  re la tio n sh ip s , re fe rrin g  
to  th e  ru b b er-lik e  b e h a v io u r o f  chem ically  c ro ss-lin k ed  n e tw o rk s  was app licab le  
to  th e s e  physically  b o n d ed  Р У А  hydrogels. A cco rd in g  to  th e  s ta tis tic a l th e o ry  
o f  ru b b e r- lik e  e la stic ity

ad =  A R T v * q 9 q ~ 3  -  —у  =  <rg3 (3)

w h e re  ad is th e  force p e r  u n i t  a rea  of the  un sw o llen , u n s tre tc h e d  sam ple, a n d  
a  r e fe r re d  to  the  sw ollen u n s tre tc h e d  cross-section . A  is a th eo ry  d ep en d en t 
f a c to r ,  i ts  value in  g en era l e q u a ls  to  1, v* is th e  c o n c e n tra tio n  of n e tw o rk  
c h a in s  p e r  u n it d ry  v o lu m e ,q  a n d  g, are th e  v o lu m e  deg ree  of swelling o f th e  
s t r e tc h e d  and  u n s tre tc h e d  sa m p le , respective ly , g 0 is th e  reference degree o f 
sw e llin g  (m em ory p a ra m e te r) ,  Л  is th e  d e fo rm a tio n  ra t io ,  th e  ra tio  o f  a c tu a l 
a n d  in i t ia l  length  of th e  sw o llen  gel sam ple, R  th e  gas c o n s ta n t and  T  th e  te m 
p e r a tu r e  [9].

S ince a t th e  a p p lie d  d e fo rm a tio n  ra tio s  n o  v o lu m e  change has ta k e n  
p la c e  on  th e  stud ied  PV A  h y d ro g e ls ,

(I =  qj and —  =  1, 
4t

th u s  E q . (3) can be w r i t te n  as follows

l  _ i
erg3 adq

{ Л - Л ~ 2) ( A  - A - 2)

3
=  R T  v* q0 3 =  C  ( c o n s t) . (4)

So th e  co n stan t C is p ro p o r t io n a l  to  the  n u m b er o f  e la s tic a lly  effective n e tw o rk  
c h a in s  an d  to  th e  m o d u lu s o f  e lastic ity .
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Y e t a n o th e r im p o r ta n t  q u estio n  from  th e  v iew po in t o f  ex p e rim en ta l 
te c h n iq u e  aw aited  a n  answ er n am ely  w h e th e r th e  shape o f  th e  gel sam ples 
a ffec ts  th e  re su lts . ( I t  m a y  be n o te d  th a t  PY A  hydrogel cubes co u ld  be p re 
p a re d  m uch easier th a n  cy lin d rica l sam ples.)

T he v a lid ity  o f E q . (4) is i l lu s tra te d  in  F ig . 2 for cubic a n d  c y lin d ric a l gel 
sam ples, p rep ared  w ith  d iffe ren t PV A  c o n te n t. T he good ag re e m e n t o f  th e  d a ta

Fig. 1. The logarithm ic p lot o f force, ( F ) needed to m aintain constant deform ation (Л =  0 .95—
0.85) as a function o f time

F ig. 2. Verification o f the v a lid ity  o f E q .(3 ) for gel sam ples w ith cubic and cylindrical shape
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sh o w s, t h a t  th e  shape o f th e  gel sam ples does n o t  a ffec t th e  re su lts , an d  th a t  
E q . (4) is  sa tis fac to rily  a p p lic a b le  for these p h y s ic a lly  b o n d ed  РУА hydrogels.

M echan ica l s tu d ies  re n d e re d  possible to  d e m o n s tra te  th e  in fluence  o f 
g e la tio n  cond itions, p o ly m er a n d  dioxane c o n te n t o f  th e  sy stem  upon  th e  gel 
e la s t ic i ty .  In  Fig. 3 th e  C  v a lu e s  are p lo tte d  a g a in s t th e  w eight fra c tio n  of 
Р У А  ( m>p v a )  under g e la tio n  a t  g iven  dioxane c o n c e n tra tio n . F rom  th e  sh ap e

F ig. 3. E ffect o f the polym er co n ten t (m>pva) ° f  the gelling sy stem  on the C values o f РУ А  
hydrogels, a t  constant precipitant concentrations

o f th e  cu rves i t  can  be c o n c lu d ed , th a t  w ith  in c re a s in g  p o lym er c o n te n t th e  
n u m b e r  o f  e lastica lly  e ffec tiv e  ne tw ork  chains in c rea se s  m ost s ig n ifican tly  
a t  tUdjoxane == 0.48.

T h e  o p tim um  effec t o f  th e  p re c ip ita n t w ill be  m ore  obvious w hen p lo ttin g  
th e  C  v a lu es  against th e  p re c ip i ta n t  co n cen tra tio n  a t  c o n s ta n t PV A  c o n te n t 
(F ig . 4 ). ( In  th e  m ix tu re  o f  Wdioxane =  0.46 gel fo rm a tio n  to o k  place on ly  a t  
m ’p v a  =  0.08, and  in  th e  m ix tu re  of м-’dioxane =  0.54 o n ly  0.04 w eight f ra c tio n  
o f  P V A  could  be so lved . So th e  e lastic ity  m a x im u m  could  be m easu red  on ly  
a t  tcpvA =  0.08).

In c reas in g  th e  d io x an e  c o n te n t in  th e  gelling  sy s tem  th e  con fo rm atio n  
o f  P V A  m olecules w ill be  a l te re d  an d  th e  in te rm o le c u la r  in te rac tio n s  becom e 
co n sp icu o u s . In  such sy s tem s  a p reform ed s t ru c tu re  w ill be stab ilized  u n d e r  
g e la tio n , i.e. a gel w ith  g lo b u la r  s tru c tu re  w ill be fo rm ed  a n d  so th e  m odu lus 
o f  e la s t ic i ty  w ill be d ec reased . T h is is th e  e x p la n a tio n  o f  fo rm a tio n  of gels w ith  
g lo b u la r  s tru c tu re  in  a m ix tu re  w ith  Wdioxane =  0.52. F o r  th e se  gels th e  increase  
in  th e  m odulus of e la s tic ity  w ith  th e  p o ly m er c o n te n t  w as m uch sm aller.
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D u rin g  th e  p re p a ra tio n  of PYA h y d ro g e ls  [1] th e  p re c ip ita n t d io x an e  
w as exchanged  a g a in s t w a te r. T his so lv e n t exchange causes a 1 0 — 20%  
in crease  in  th e  deg ree  o f sw elling of th e  gels d ep en d in g  on th e  gel s tru c tu re . 
T h is m u s t be th e  consequence  o f th e  d is ru p tio n  a n d  rea rran g em en t o f  th e  ju n c 
tio n  sites.

L a t te r  has su g g ested  th e  possib ility  to  f in d  connection  b e tw een  th e  s ta 
b ili ty  o f  gel s tru c tu re  an d  th e  increase o f th e  degree  o f swelling d u e  to  so lv en t

0.46 0.48 0.50 0.52 0.54
wdioxane

Fig. 4. E ffect o f the precip itant content (t^dioxane) th e  gelling system  on the C v a lu es o f  the 
PV A  hydrogels at constant polym er concentration

exchange. W ith  th is  possib ility  in  m ind  a f u r th e r  so lven t exchange w a s  m ade 
on th e  gels o f v a rio u s  po lym er c o n te n t b u t  p re p a re d  a t  th e  op tim u m  (u>dioxane =  
=  0.48) d ioxane c o n c e n tra tio n . T he sw elling  m ed iu m  of th e  h y d ro g e l w as ex 
ch an g ed  ag a in s t p y rid in e  th e n  b ack  to  w a te r . P y rid in e  was chosen  because  
o f its  p e rfec t m isc ib ility  w ith  w a te r  an d  su ita b le  in te ra c tio n  w ith  th e  p o ly m er. 
F ig u res  5, 6 , an d  7 show  th e  resu lts  o f m ech an ica l m easu rem en ts a t  th e  d if
fe ren t s tep s  o f so lv e n t exchange. T he ex ch an g e  o f  w a te r  against p y r id in e  caused  
a s ig n ifican t in c rease  in  th e  e la s tic ity  o f th e  gel sam ples. This m e a n t a  n inefo ld  
increase  o f C in  th e  case o f gel w ith  low est p o ly m e r co n ten t, and  n e a r ly  sixfo ld  
increase  fo r th e  tw o  o th e r  gels (cf. T ab le  I I ) .

T h e  su b se q u e n t exchange o f p y rid in e  a g a in s t w a te r  m ade th e  s t ru c tu ra l  
d ifferences due to  th e  po lym er co n te n t s t i l l  m ore conspicuous (cf. T a b le  I I ,  
ЛC/C % ) co m p arin g  th e  values o f C fo r th e  aq u eo u s gel a fte r so lv e n t exch an g e  
w ith  th e  C for th e  o rig inal hydrogel. T h u s , u n d e r  o p tim um  g e la tion  co n d itio n s  
th e  increase  of p o ly m er c o n te n t co n sid e rab ly  s tab ilizes th e  s tru c tu re  o f  these  
PVA hydrogels.
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T h e  m echan ical in v e s tig a tio n s  fu rn ish ed  f u r th e r  in fo rm atio n  on ch an g es 
o f  th e  ge l s tru c tu re  due to  te m p e ra tu re  t r e a tm e n t .  T h e  so lub ility  m easu rem en ts , 
d e sc r ib e d  in  our p rev ious r e p o r t  [1], w ere co m b in e d  w ith  s tre ss-s tra in  m e a su re 
m e n ts . T h e  te m p e ra tu re  o f  th e  gel sam ple in  c o n ta c t  w ith  an  excess o f  sw elling  
m e d iu m  (w ater) w as ra ise d  in  2.5 К  in c re m e n ts  be tw een  298 an d  353 K . A t

0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6

Fig. 5 . E ffec t o f the so lvent exchange on the stress-strain  curves in the case o f gel w ith
I/, =  0.029

F ig. 6 . E ffec t o f the so lvent exchange on the stress-strain  curves in the case o f gel w ith
t)2 =  0.048
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Fig. 7. E ffect o f  the so lvent exchange on the stress-strain curves in the case o f gel with
V, =  0.072

T a b le  I I

Effect o f  the solvent exchange on the C values

Volume fraction of 
PVA (»>,) in the 

original gel water

C
(k N m -‘)

—* pyridine -♦ water
A C /C

%

0.029 3.5 31.4 1.5 52.2
0.048 14.4 88.9 9.7 32.7
0.072 30.1 198.0 28.1 6.6

each  te m p e ra tu re , a f te r  a t ta in m e n t  o f so lu b ility  e q u ilib riu m , com pression  
m easu rem en ts  w ere ca rr ied  o u t on gel sam ples a t  th e  tr e a t in g  te m p e ra tu re  
a n d  cooled b ack  to  room  te m p e ra tu re . T he ca lcu la ted  C va lues p lo tt in g  against 
th e  tr e a tin g  te m p e ra tu re  gave curves w ith  sim ilar shape fo r th e se  tw o  series 
o f  m easu rem en ts . H ow ever, th e  re su lts  on gel sam ples cooled b a c k  to  room  
te m p e ra tu re  w ere m ore rep ro d u c ib le , so on ly  these  d a ta  a re  i l lu s tr a te d  in 
F ig . 8 , w here th e  C v alues fo r gel p re p a re d  a t  v2 =  0.048 an d  w ith  o p tim u m  
d ioxane  c o n te n t are  p lo tte d  a g a in s t th e  tre a t in g  te m p e ra tu re . T h e  decrease 
o f  th e  gel e la s tic ity  b e tw een  298 a n d  318 К  c a n n o t be ascribed  to  th e  dissolved 
a m o u n t of PV A  ( ~ 3 %  cf. F ig . 1 in  [1]) th u s  th e  decrease o f th e  n u m b e r of
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F ig .  8 . Dependence of the C  values on the treating temperature for gel with v 2 =  0.048

e la s tic a lly  active n e tw o rk  c h a in s  w ill be th e  co n seq u en ce  of a rea rra n g em e n t 
p ro cess . T h en , in  an  in te rv a l  o f  n early  20 K , th e  C  v a lu es  are p ra c tic a lly  u n 
a ffe c te d  b y  T,  the  s ta b i l i ty  o f  th e  ju n c tio n  s ite s  p re v e n t th e  change in  v* 
w ith  increasing  te m p e ra tu re . T h en  the  s ig n if ic a n t decrease o f e la s tic ity  a t  
T  I>  335 К  is due to  th e  in c re a se  of so lub ility , th is  b e in g  a re su lt o f th e  f in a l 
b re a k in g  dow n of th e  ju n c t io n  sites.

So these  m echan ical s tu d ie s  are in  good a g re e m e n t w ith  th e  re su lts  of 
so lu b il i ty  m easurem ents [1] a n d  sup p o rt our a s su m p tio n  th a t  th e  bond -en erg y  
s p e c tru m  o f th e  s tu d ied  P Y A  hydrogels is n e a r ly  b im o d a l.

*

The authors wish to express their thanks to Dr. F. H o b k a y  for the determination of the 
syndiotactic triad content of the PYA sample by means of IR spectroscopy.
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In this paper we considerunconditional variational problem s o f stationary source
less heat conduction  w ith  error bound in case o f spherical and cylindrical sym m etry  
on the basis o f  Gy a r m a t i’s Governing Principle o f D issipative Processes, j

Introduction

I t  is well k n o w n  th a t  for th e  lin ear, q u as i-lin ea r an d  c e r ta in  ty p e s  of 
n o n -lin ea r th e o ry  o f th e  th e rm o d y n am ics  o f  irrev e rs ib le  p rocesses [1, 2 ], 
Gyarm ati in  1965, p ro p o sed  a genera l v a r ia tio n a l p rinc ip le  b y  m ean s o f w hich 
th e  evo lu tio n  o f  d iss ip a tiv e  tra n s p o r t  processes in  space-tim e  can  be  described  
[3, 4 ]. T he v a rio u s  ap p lica tio n s  o f th is  p rinc ip le  f re q u e n tly  ca lled  as “ The 
G overn ing  P rin c ip le  o f  D issip a tiv e  P rocesses” , h av e  a lre a d y  p ro v ed  its  u ti l i ty  
fo r th e  com plete  reg im e o f tra n s p o r t  p h en o m en a  [5 — 11]. T h is  p rin c ip le  te lls 
us in  to ta l  g en e ra lity  t h a t  th e  fu n c tio n a l

t
L \ I \  J ] =  J  j (cr — W — Ф) d F d t =  m axim um  (1)

u n d e r c o n s tra in ts  t h a t  th e  b a lance  eq u a tio n s

№ +  V • Ji =  (i =  1, 2, . . .) (2)
are  sa tisfied  [1].

A pply ing  th e  v a r ia tio n a l p rinc ip le  (1) to  th e  s ta tio n a ry  h e a t co nduc tion  
p rob lem , i t  read s in  th e  so-called  F o u rie r  p ic tu re  [1, 14]:

L [ T , J ] J -  V T +  -A V T -  V T+ —  J  ■ J  d F  
2 2Я

= I ^ a(A‘VT + 7)2 d V
m inim um (3)
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w h e re  T  is th e  te m p e ra tu re  a n d  Я is th e  h e a t c o n d u c tiv ity . I n  th e  s ta tio n a ry  
case  w e can  om it th e  tim e  in te g ra t io n  in  E q . (1), fu r th e rm o re , in  th e  sourceless 
case  th e  h e a t c u rren t d e n s ity  J  sa tisfies  th e  s ta t io n a ry  fo rm

V  • J  =  о (4)

o f  th e  b a lan ce  eq u a tio n  o f  th e  in te rn a l energy , w h ich  belongs to  (3) as a su b 
s id ia ry  cond ition . L e t us c o n s id e r now  th e  sim p lest case o f th e  one-d im ensional 
p ro b le m . L e t h ea t co n d u c tio n  occu r along th e  x  ax is , th e  sy stem  be th e  closed 
in te r v a l  [0 , l ] and th e  b o u n d a ry  cond itions he

T(0)  =  T v  T(l)  =  T 2 =  T 1 +  A T  >  T 1 (5)

I n  th i s  case th e  v a r ia tio n a l p ro b le m  of E q . (3) red u ces to

Hi = Г Ц х ,  T)
2

0

i d T j 2 

1 da;
d*

(ZlT)2

1

A(*, T )
d x

m in im um (6)

d e r iv e d  b y  Farkas an d  N oszticzius [12]. In  th is  p a p e r  A  is used  in  th e  m ean ing  
o f  d iffe ren ces. F o r th is  v a r ia t io n a l  p rob lem  an  e rro r  e s tim a te  can  also be o b 
ta in e d  (F arkas [13]):

1 - H,  1
2 Ят1п ' 1 - К А Т -  Лтах/Л2т1п

(V

w h e re  e is th e  m ax im um  d e v ia tio n  betw een  th e  a p p ro x im a te  so lu tio n  T(x)  
o b e y in g  b o u n d a ry  co n d itio n s  (5) an d  th e  co rrec t so lu tio n  T 0(x); fu r th e r

K  =
x£[0,i]

T€[Ti, Ts]

дЦх,  T)  

э T (8)

Imax a n d  Amin are th e  e x tre m e  v a lu es  o f Я in  th e  reg io n  x  £ [0, /] ; T  £ [Tv  T 2]. 
I n  th e  follow ing we ap p ly  th e  v a r ia tio n a l p rin c ip le  (3) cases o f cy lin d rica l and  
s p h e r ic a l sy m m etry . W e d e riv e  fo rm ulas analogous to  (6) an d  (7).

H eat conduction  in a hollow cylinder

I n  th is  section  we use  cy lin d rica l co o rd in a tes  z, q, cp. T he in n e r  rad iu s  
o f  th e  r in g  is R v  th e  o u te r  ra d iu s  is R 2, an d  th e  h e ig h t is h. T he  sy s tem  is h ea t- 
is o la te d  a t  th e  planes 2 =  0 a n d  z  =  h. The sy stem  h as th e  b o u n d a ry  cond itions
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T ( R , )  =  T v  T ( R 2) =  T2, A T  =  \ T2 — T, \  (9)

W e consider th e  s ta t io n a ry  sourceless case. L e t A be a co n tin u o u s  fu n c tio n
o f  p and  T :

A =  A(e, T )  (10)

0 <  ■̂min ^  A(e, T) £  ^max ( i i )

in  th e  reg ion  p £ [R v  i?2]; T  € [T 1? T2]. S ince o u r h ea t c o n d u c tio n  p rob lem
h as cy lind rica l sy m m e try , its  co rrect so lu tio n  m u s t have th e  sam e sy m m e try , 
i.e. th e  rea l te m p e ra tu re  d is tr ib u tio n  T 0 d ep en d s  only  on p:

T0 =  В Д  (12)

L e t T  be an  a p p ro x im a te  so lu tion  sa tis fy in g  b o u n d a ry  cond itions (9) a n d  de
p en d in g  on p:

T  =  т(е)  (13)

Since th e  h e a t c u rre n t d en sity  J  has on ly  one non-zero  com ponen t, J g, ba lance  
eq u a tio n  (4) read s:

I A
q d e

( e - J , )  =  ° (14)

co n sequen tly ,
p • J g =  C =  c o n s ta n t (15)

T h e  form  o f v a r ia tio n a l p rinc ip le  (3) in  th is  case  is 

R.

R1

d T

dp

R,

+  J  • 2 n h g d g  =

R* Rí Rt

1 7  (1 7 )*' ы к е Л е  + J 1 7 ' J ‘ ' 2 ” h e i e  + f  i  • •  2”',ede] =
R, Ri Ri

=  m in im u m  (16)

N ow , su b s titu tin g  E q s  (9) an d  (15) in to  (16), we fin d  in  th e  p h y s ic a lly  only 
s ig n ifican t case o f  T ,  ^> T2 th a t

fit R,

f f i
(d T 2 (* 2 irh

■ 2 j ih ndp  C ■ A T  • 2nh  -j- C2 dp
U  2
Ri

dp J  2 Ap
Ri

m in im u m . (17)
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H en ce  th e  follow ing C v a lu e  m inim izes th e  fu n c tio n a l (17) for a f ix e d  T(g) 
fu n c tio n :

A T
--------------------- • (18)

1

e ■ He,  T )
d e

T h u s  w e o b ta in  th e  fo llow ing  uncon d itio n a l v a r ia t io n a l  problem :

R,

4 Я Г = Í
Ri

d T  2 ( A T ) 2
— -  e d e - - ^ —

Г dgГ de
J g-A

Ri

m i n i m u m . (19)

I t  is c le a r  from  th e  p reced in g  th a t  H c is o f th e  t o ta l  q u ad ra tic  form :

Rг
4 Я С^ 1  /А -

dT

dg
■ +

A T  \

dg

' J t

gdg (20)

R1
Ri

according  to  th e  general c h a ra c te r  o f th e  Gy a r m a t i  princip le [4]. O n th e  o th e r  
h a n d , i t  is obvious t h a t  Я с is a positive d e fin ite  q u a n ti ty , and it  is zero  i f  an d  
o n ly  i f  T(g) =  T 0(g).

T h erefo re , v a r ia tio n a l problem  (19) u n iq u e ly  determ ines th e  c o rre c t 
so lu tio n  T 0. Now we e s ta b lish  an erro r e s tim a te  fo r th is  problem . D e n o tin g  
th e  e r ro r  b y  e:

e =  m ax  {| T(g) — T 0(g) |} (21)
Q € t̂ ?i» R t ]

T € [ T x,T 8]

we c a n  define th e  sets M x a n d  M 2 so th a t

d T  dT

dg dg

>  0 i f  g (  M x 

<  0 i f  q £ M 2

I f  th e  m easures of a n d  M 2 are r l and  r2, th e n

r i +  r2 =  Ro — R i

is v a lid . Now, i t  follows from  E qs (22, 23) t h a t

do =  e >  £Г [ d T d T 0

J Ml . dg dg

( 22)

(23)

(24)

( 25 )
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and
d T

dp
<1(? — e — e (26)

w here 2e is th e  to ta l  v a r ia tio n  o f th e  T  — T 0 fu n c tio n  [15]. L et us a ssu m e  th a t  
A has a c o n tin u o u s  p a r tia l  d e riv a tiv e  w ith  re sp e c t to  T,  so i t  s a tis f ie s  th e  
L ipschitz  co n d itio n

\X(q, T ) ~  X(e, T a) \ < , K - \ T - T u\ (27)

w here

K  = in ax
эя (е , T )  )

0 T
(28)

U sing E q . (21), we can w rite  th a t  

R ,
1

4e>T)

«
Ri

I t  T \  31 T \ d T oA(e, T ) - ~ — x ( q, t )— ^
dp dp

+
. d T n zlT \

\ R1

r _ d p _

J e - A ( e ,T )
/

+

e d e >

(29)

R ,

+ 2
/• fdT d T u

Ы ь Т ) ^  +
dp

A T  \
dp d !? ,

R ,

n  f  d g

J V
T)

£?dp

R i

because th e  o m itte d  te rm  c a n n o t be n e g a tiv e . F ro m  th e  f irs t te rm  o f th e  rig h t- 
hand  side w e o b ta in
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w h ere  fo rm u la s  (25) an d  (26) w ere  used. O f co u rse , th e  second te rm  o f th e  r ig h t-  
h a n d  s id e  o f (29) is also tra n sfo rm a b le . In d e e d , b y  using E qs (18), (25), (26) 
a n d  (27) one has

R .
r I d T d T 0

df? d Q .

J
R ,

- 2  A T
R ,
Г dg

J е - А ( е , т 0;
RI

2 A T  An

In * 2.
R,

'A(g , T ) ^ p L  +
dg

A T \
R ,

Г d e
J в'Кв, T)

gdg =

R ,
f  K e , T ) I d T ^ 0 |

) К в ,  т0) dg d g  .
do >

R1

m ax  6 €[/?!,/?*]
Ke,  T)  1 f id T d T 0 |

Я(е, т0) JJ m . d 0 dg
dg +

-f- m in
e€

2 A T

Ke , T )  1
Í  ( dT

d ^ o )
Я(е, t 0 )  JJ m , \ dg dg  j

e Я(е, T) Í A (e , г) I ]

Q £ [^i> ^*] A (e , t 0) í d f t . í . 1 1 A (g , T 0) J

(31)

2 A T  Amax • e
m in

A ( g ,T ) - ; . ( g ,T 0)

ln  R j  [?€[/?..«.] I A(g, T 0)

R i

m ax
A ( e ,T ) - A ( g ,  T 0)

Ke,  t 0)

2 A T  Amax • e

I R *

- 2 K e

4mln
>

4 K  A T

' " i f
яmin

>

I n s e r t in g  E qs (19), (30), (31) in to  (29), we f in d  th e  in eq u a lity

4 Я  . 4Ят |п Д 1 e2 _  A K A T X  max e e2
R ,  -  R t 1 1 R 2

Я-min ’
A l

(32)

I f

I y> R i  R l  . К  A T  ^max

J ^ ln
R ,
R,

32лт т
(33)
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we o b ta in  th e  fo rm ula

I 4 C 4 2 — R ! 1

/  Д 1 1 _  K A T ( X mj V min) №  -  R t)j Я Л п А Г
R l i l

(34)

In  th e  case of
R . , ~  R l (35)

re la tio n  (34) reduces to

« <1
Д 2 - Я ,  1

R ,  ' 1 -  K A T ( l mJ P mln) (36)

w h ich  is e q u iv a len t to  (7). W ith  T 2 >  T v  we w o u ld  o b ta in  in  ju s t  th e  sam e 
w ay  fo rm ulas (19) an d  (34), b u t  th is  case is h a rd ly  o f m uch  p h ysica l s ig n ifi
cance.

Heat conduction in a spherical shell

In  th is  sec tion  we use spherica l co o rd in a tes  r, ft, cp. T he in n e r rad iu s  of 
th e  system  is R ±, th e  o u te r  rad iu s  is R 2. T he b o u n d a ry  cond itions are  g iven  in  
E q . (9). A gain we consider th e  s ta tio n a ry  a n d  sourceless case. T he p ro o f  is 
analogous to  th e  ab o v e  one. One fin d s here o n ly  th e  differences.

L et A be a co n tin u o u s  fu n c tio n  o f r an d  T :

A =  A(r, T ), (37)

0 <  Amln ^  A(r, T) ^  Amax (38)

in  th e  reg ion  r £ [J?x, Ä2] ; T  £ [T x, T2], L e t T  be an  ap p ro x im a te  so lu tio n  
obey ing  (9) an d  d ep en d in g  on ly  on r:

T  =  T(r) (39)

Since J  has on ly  one non-zero  com ponen t, J r, E q. (4) reads

- T ' T - ( r2 J ')  =  0 ’ (40)r~ dr

co n sequen tly ,
r2 • J r — =  c o n s ta n t. (41)
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F ro m  th e  ad eq u a te  fo rm  o f th e  v a r ia tio n a l p rinc ip le  (3) in  th e  case o f  T'x T 2, 
w ith  th e  value

Ci
A T

R, ~
f ------1----- d rJ r2A (r,T )

Ri

(42)

w e o b ta in  th e  u n co n d itio n a l v a r ia tio n a l p rob lem

R,
4H s ^  J  A

d T \ 2

d r
■ d r

Ri

{ A T ?
R,

J r2A

m in im um

R1

w h e re  H s is again of th e  to ta l  q u a d ra tic  form

R,
4 i f s = Г 1 rx d T A T  \

a dr Rx
„ f  drr2 •

V J r2A
J Rx '

r2d r .

Ri

(43)

(44)

I t  is  o b v ious th a t  H s is p o s itiv e  d e fin ite  an d  van ishes i f  an d  on ly  i f  T (r) e=  
=  T 0(r). Therefore, v a r ia t io n a l  p rob lem  (43) u n iq u e ly  d e te rm in es th e  ex ac t 
te m p e ra tu re  d is trib u tio n .

N ow  we consider th e  possib le  e rro r:

e =  m a x  { |T (r) 
re № ,я,] re tT ^ r ,]

T0(r)\}.

S im ila r ly  as in  th e  p rev ious sec tio n , from  th e  in e q u a lity

if

4 # s >
4 / min • Щ  ■ e2 

R ,  -  Д ,
4K A T R 1R 2 ' /-max _ e2 

R i  R \  Amjn

1 >  К  A T  •
R i

1Amax
Д2 ./>min

(45)

(46)

(47)

w e o b ta in  th e  erro r lim it

f  H s R o - R , 1
1 -  К  A T  . (Amax/Amin) • ( В Д )

(48)
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T he lim it o f (48) is e q u iv a le n t to  (7) if  [(_R2 — -^ i) /^ i]  * 0. F o rm u las  (43)
an d  (48) are v a lid  also i f  T2 )> T v  th ough  th is  case h a s  on ly  a v e ry  l i t t le  physical 
re a lity , because th e  sphere  h a d  to  con ta in  a m ed iu m  o f in f in ite  h e a t cap ac ity , 
fo r exam ple a m ix tu re  o f ice an d  w ater.

C onditions (33) an d  (47) req u ire  zlT to  be sm all enough , th e  rin g  or shell 
to  be th in  or Я to  be a slow ly  v a ry in g  fu nc tion  o f  T.  F o r  exam ple , i f /FT =  100 K , 
Я is a lin ear fu n c tio n  o f T  a n d  R 2 =  2Ä ls Я m u st v a ry  m ore slow ly th a n  0 .7 % /K  
in  th e  spherica l shell, or 0 .6 % /K  in  th e  hollow  cy lin d e r. I f  jR2 =  1.1jR15 these  
lim its  are  0 .9 5 % /K  and  0 .9 8 % /K , respective ly .

*

The author w ishes to express his thanks to Dr. H. F a rk a s  for his valuable suggestions.
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Some p-alkyl and p-alkoxy substituted p ’-acryloyloxyazo and azoxybenzenes 
and cholesteryl vinyl mixed esters of dicarboxylic acids were prepared. A few among 
these have a liquid crystalline state. The unit cells of these compounds, determined by 
indexing powder diffractograms, indicated that some of the azo and azoxy monomers 
and all cholesterol derivatives form layer-like lattices. All monomers can be converted 
into polymers with marked clearing points, via  initiation by appropriate peroxides in 
both isotropic and mesomorphic bulk.

E xperim en ta l

S evera l th o u sa n d  com pounds h av in g  liq u id  c ry s ta llin e  s ta te s  a re  described 
in th e  l i te ra tu re  f l ] ,  b u t  th e re  a re  on ly  a few liqu id  c ry s ta llin e  m onom ers 
co n ta in in g  p o lym erizab le  ac tiv e  g roups [2 — 25].

To ex ten d  th e  ran g e  o f m onom ers, sy stem atic  e x p e rim e n ts  w ere per
form ed for p rep a rin g  novel m onom ers w ith  a liqu id  c ry s ta llin e  phase . The 
p re sen t re p o rt covers th e  sy n th esis  o f som e p -n -a lk o x y -p ’-acry loy loxyazo- 
benzenes an d  -azoxybenzenes, as w ell as th a t  o f m ixed  ch o le s te ry l v in y l esters 
of a few  d icarb o x y lic  acids an d  c e r ta in  X -ra y  c h a rac te ris tic s  o f  th e se  m ono
m ers are described .

T he m onom ers w ere p rep a red  accord ing  to  th e  schem e:

I . A zo-com pounds [26]

* Part IV of the series: N y it r a i, K., Cs e r , F., Cs er m ely , G., B u i D ue N goc, F ü zes ,
L., Sa m ay , G., H a r d y , Gy.: Europ. Polym. J., 14, 467 (1978)

** On the same subject, a paper was presented at the “ 1st Liquid Crystal Conference of 
Socialist Countries” , Halle, GDR, January 1976
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w h ere  R  =  H , a lky l or a lk o x y  (C H 3—, C2H 5—, re-Q H g— or
C H 3- O - ,  C2H sO - ,  n-C4H 90 —); R ’ =  - C H = C H 2, 
(E t)3N =  tr ie th y la m in e .

I I .  A zoxy co m pounds1 [27]

(R  h as  th e  sam e m ean ing  as above)

0 — C O — K'

I I I .  C holesteryl v in y le s te rs  o f d icarboxy l ac id s

00
a) Ch—OH -r R \  ^  » - Ch— O—CO—  K-COOH

CO

where Ch 

R

(СН з)/'Н (СН 2)з CH

— CH2— CH2—  (succinate)

— CH 2 — С H 2— CH 2 —  (glut arate)

— С H2— О — CH 2----(diglycolate)

— OH2 — C H ---- («,/i-methyl-succinic acid mixture)

СНз

(hexahydrophtlialate)

1 I t  has to be noted th a t, in  th e  case o f azoxy com pounds a m ixture of cis and trans 
isom ers is present. In spite o f the in itia tor  character of hydrogen peroxide in radical processes, 
not ev en  traces of a polymer are form ed in the oxidation step.
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(phthalate)

CH —
(m aleate)

CH —

OH —
II (fumarate)*

— CH

— c — c h 2—
(jJ-m onoitliaconate)

C'H2

b) Ch— 0 —CO—(R) -C O — OH CH;1COOCH=CH2
IlKiAii, C h-O C O —

— (1<)— CO O CH =CH 2

P re p a ra tio n  o f m onom ers

p-n -A lkylazo  and p-n-alkoxyazo derivatives

The starting p-substitu ted  aniline derivatives were Aldrich products. T hey  were made 
by diazotization according to the procedure given in Ref. [26] and coupled w ith  phenol. Their 
acrylates were prepared from acrylic chloride in ether as solvent, in the presence o f triethyl- 
amine.

The azoxy derivatives were prepared as in Ref. [27 | in acetic acid as so lven t, from the 
corresponding azoacrylates by oxidation  w ith  hydrogen peroxide. E th an o l w as used for the 
recrystallization of azoacrylates and azoxyacrylates. The melting points and m eso-phase ranges 
were determ ined by hot-plate equipped Polm i-A  polarizing microscope. T he results o f C, H, N  
analyses for each com pound and other data of the monomers are sum m arized in Tables I and
II.

Cholesteryl v in y l esters o f  dicarboxylic acids

0.1 mol of cholesterol (R eanal, B udapest; m .p. 148.5°, [<x] d =  39.5 in 2 g/100 ml chlo
roform solution) and 0.2 mol o f the corresponding dicarboxylic anhydride were dissolved 
in 50 ml chloroform. The solution was boiled  while 1 ml of triethylam ine w as introduced. 
A fter boiling for 6 hrs, the solution was d ilu ted  w ith 150 ml of acetone. A t room  temperature, 
the m onocholesteryl ester o f the corresponding dicarboxylic acid is p recip itated  in nearly 
q u antitative  yield. The m onocholesteryl esters o f the corresponding d icarb oxy lix  acids were 
prepared by transvinylation according to  A d elm a n n  [28]. The cholesteryl v in y l esters were 
recrystallized from ethanol, while cholesteryl v in y l fumarate was crystallized  from acetone. 
T he results o f С, H analyses for each com pound together w ith other data o f  th e  monomers are 
collected in Table III.

* For preparing m onocholesteryl fum arate, acylation was cata lyzed  b y  a 40% acetic 
acid solution of H Br instead o f triethylam ine. Therefore, m onocholesteryl m aleate  isomerized 
to fum arate in one step.
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Table I

Characteristic data o f  p-n-alkylazo  (a) and p-n-alkylazoxy acrylates (b)

(a)

R—О— ( ( )  ) — N=j=N— < ( )  >— OCO—CH =CH j (b)

О

No. R Crystalline 
m.p. (°C)

Nematic 
m.p. (°C)

Analysis

Calcd. (%) Found(%)

c H N c H N

l / a H 69 — 71.40 4.76 11.12 71.15 4.70 11.01
2 /a CH3 90 — 72.20 5.27 10.51 72.02 5.07 10.48
3 /a C2H5 54 — 72.90 5.72 10.00 73.00 5.80 10.06
4 /a C4H9 66 — 74.00 6.49 9.08 74.20 6.53 9.03
1 /b H 69 — 67.20 4.48 10.45 66.84 4.76 10.37
2 b CH3 83 89 68.06 4.92 9.92 68.01 5.00 9.60
3 /b C2H5 55 73 68.90 5.41 9.46 68.96 5.68 9.50
4 /b c;h9 63 84 70.04 6.17 8.64 70.90 6.29 8.68

Table II

Characteristic data o f  p-n-alkoxyazo (a ) and p-n-alkoxyazoxy acrylates (b)

No. R Crystalline 
m.p. (°C)

Analysis
Nematic 
m.p. (°C) Calcd. (%) Found (%)

c H N c H N

5 /a CH3 98 118 68.06 4.96 9.92 68.01 5.00 9.60
6 /a C2H5 105 142 68.90 5.41 9.46 68.73 5.78 9.59
7 /a C4H9 87 123 70.04 6.17 8.64 69.65 6.60 8.51
5 /b CH3 92 147 64.40 4.69 9.49 64.34 4.68 9.54
6 /b C2H5 90 140 65.00 5.09 8.99 65.25 5.25 9.30
7 /b C4H9 72 145 67.14 5.87 8.24 67.13 6.06 8.36
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T a b ic  I I I

Characteristic data o f  m ixed cholesteryl vinyl esters o f  dicarhoxylic acids

Smectic
m.p.
(°C)

Analysis

No. R
Crystalline
m.p.(°C)

Clearing 
point (°C) Calcd. Found

C H C H

8 - C H 2- C H 2 82 — 89 77.34 10.31 77.55 10.58

9 - C H 2- C H 2 -C H 2- 83  + —  ' ( 72 ) 77.70 10.16 77.81 10.59

10 - C H 2- 0 - C H 2— 117 — — 74.90 9.65 74.81 9.81

11 — CH2- C H ^ * —  7 47 57 77.70 10.26 77 .87 10.82

CH3

12 - C H = C H - 105 — — 77.60 9.60 77.81 10.00

H

13 - i = c - 96 176 77.60 9.82 77.65 10.17

H

14 - C - C H 2-
II
CH2

65 77.95 9.92 77.43 10.38

15 110 — — 80.06 9.46 80.15 9.85

16

0 1

— 50 — 78.40 10.24 7 8 .14 10.47

+ monotropic
* m ixture of a, /5-methylsuccinic acid

X -ray  d iffrac tion  investigations

A com m on c h a ra c te r is tic  o f  th e  above m onom ers is th e ir  q u ite  an iso tro p ic  
m o lecu la r size. T he le n g th  o f th e  m olecule is fo r each  m onom er g re a te r  th a n
2.0 n m , w hile th e  sm allest d im en sio n  of th e  m olecules — assu m in g  a p la n a r  
g eo m e try  — m ay  he a b o u t 0.38 a n d  0.45 n m  fo r th e  series o f azo a n d  azoxy  
com pounds and  for th e  c h o le s te ry l d e riv a tiv es , re sp ec tiv e ly . T he a r ra n g e m e n t 
o f  th e  m olecules in  th e  c ry s ta l la tt ic e  w as s tu d ie d  b y  X -ra y  pow der d iffra c tio n  
te c h n iq u e , w hich p e rm itte d  to  d e te rm in e  th e  th ick n ess  o f th e  possib le  m olec
u la r  lay e rs  on th e  basis o f th e  lo n g est id e n ti ty  period  an d  w ith in  th is  lay er 
th e  a rran g em en t o f th e  m olecules w ith  e s tim a ted  len g th . T he X -ra y  d iffrac to - 
g ram s o b ta in ed  on a P h ilip s  w ide-ang le  pow der d iffra c to g rap h  a re  show n 
sch em a tica lly  in  F igs 1 an d  2. T h e  re flec tio n  angles co rresp o n d in g  to  th e
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d iffra c tio n  peaks are  on  th e  abscissa an d  th e  p e a k  h e ig h ts , m easu red  from  
th e  base line  as fra c tio n s  o f  th e  peaks w ith  m ax im u m  in te n s ity , are on th e  
o rd in a te . The id e n ti ty  p e rio d s  ca lcu la ted  on th e  basis o f pow der diffrac- 
to g ra m s  are collected in T a b le  IV . The d a ta  show n  in  T ab le  IY  are th o se  p e rio 
d ic itie s  th a t  perm it to  o b ta in  th re e  iden tica l in d ices  fo r each  line o f th e  diffrac- 
to g ra m . The d ensity  v a lu e s  in d ic a te d  in  co lum n 8 o f  T ab le  IY  w ere ca lcu la ted  
on  th e  basis of th ese  p e rio d ic itie s . M onoclinic o r o rth o rh o m b ic  c ry s ta l classes 
h a v e  b een  presum ed fo r  in d ex in g . The low n u m b e r  o f in v e s tig a te d  reflections 
w as n o t  su ffic ien t to  p e rm it  a search  for th e ir  sy s te m a tic  absence. T he observed 
p e rio d ic itie s  were n o t  tra n s fo rm e d  to  th e  p o ssib ly  co rrec t cell d im ensions.

R

— L i _ _ _ i b _ _ i i i l i i  i i i  l l

_ _ _ _ _ _ _ _ 1_ _ _ _ _ _ _ _ 1 1 1 1 1 0 C

_ _ _ _ _ _ U _ _ _ 1_ _ _ 1_ _ _ 1 _ _ _ _ _ I I I  1 1  I I  1  l l a

1 1 1  I  „

- C  -  С Н , -I I  2
C H 2

1 1 M i l l  l l  l l  I I I  1 l l 1 1 1  1 1 I I  h  J  l l  l u
- C H 2 - 0 - C H 2 -

l l  i t  i l l  1 1 1  1  1 и  и  1  1 1 1  l

- C H 2 - C H - C H 2-

1 1 1  1 1 1  1  1 1 1  1  1 1 1

H1
—  c  =  c  -

H

1 i l l  I I  1 , 1  ■ ■ ■_ _ _ _ _ _

H  H  1 1 
- C = C  —

_ _ _ 1  1_ _ _ _ _ 1 1  1  1_ _ Ü J _ _ n l _ _ _ _ _ l _ i u j _ _ L b _ I_ _ L , i _ L i x u _ ц _

- C H 2 - C H 2 -

5 10 15 20 25 30 2 0 °  (Cu-Ko<)

F ig. 1. Schem atic representation  o f the diffractogram s o f  m ixed  cholesteryl v iny l esters of
dicarboxylic acids
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x ~ \_ J/— 0 - C 0 - C H - C H 2

U____1—I—1_____ 1— 1____Ll_____ 111___I___ I____ L_

ll I I-----1--- LU—I I I I__h п и  II___ 1 I

I I ll  i i t l  ll 11 ili I ill

i d __ I l i i J_J____lLUJ

I »■ 111 . I.l.lll-

_I_J------1_Li_____1-1 11 1.1. I__1___Li__ Ll__ L

U ___ I I—I__l_ lu _____ I I I 11___ I 11. I I

111. 11

■ 1.1.1. ll I ..ll .1

_ L i

I ill__I_V

_1____ L

. »Ill I__ 11 i l l __I I I__U___ L

-1_ü_■> . .1 I I 11 111 I

I, 1 ll___LLl____,1____1

C4H9-0

-N =£N- 
0

-N = N -

-N=fc=N-
0

c2 h 5- o-

-N = N -

-N=^N-
0

CH3 -O -

-N  =N -

C4H9-

-N=$=N- 
0

-N  =  N-

C,Hi

-N ^ N -
0

2n5

-N = N -

C H ,

-N=J=N-
0

-N = N -

H —

-N^N- 
0

-N = N -

10 15 20 25 30 2 9° (Cu-KoO

F ig. 2. Schem atic graph of the diffractogram s o f p -sub stitu ted  p ’-acryloyloxyazo and azoxy-
benzenes
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Table IV

Crystallographic data o f  the monomers investigated and the melting points o f  the polym ers
(Translation period in nm)

No. of 
compound 1 /a* 1/6* l/c* ß ° z e(g0m-s) Polymer 

m.p. (°C)

l a 1.005 2.30 2.56 90 16 1.126 300 (b)
l b 1.000 1.028 1.464 90 4 1.182 300 (b)
2a 1.122 1.050 2.480 92.6 8 1.204 270 (b)
2b 1.191 1.460 1.680 90 8 1.293 280
3 a 0.750 1.294 1.688 90 4 1.086 290
3b 1.174 1.68 1.887 90 8 1.055 300
4 a 0.819 1.094 1.790 92.4 4 1.281 310
4b 0.931 1.372 2.524 90 8 1.338 320 (b)
5 a 0.926 1.006 1.595 90 4 1.259 320 (b)
5b 1.166 1.476 1.683 90 8 1.378 340 (b)
6a 1.356 0.787 1.512 96.8 4 1.151 280—290
6b 0.926 1.338 2.543 90 8 1.246 310
7 a 1.180 1.320 1.947 90.6 8 1.418 310 (b)
7b 1.544 1.902 2.264 90 16 1.357 320-330
8 1.24 0.79 2.85 90 4 1.165 190
9 0.619 0.996 4.69 93.4 4 1.198 210

10 1.065 1.84 2.08 90 4 1.026 215
12 1.196 1.636 1.98 90 4 1.140 205
13 0.765 0.994 4.43 92.7 4 1.005 280
14 0.751 1.031 4.48 92.9*M 4 0.996 216
15 0.753 1.004 4.49 90 4 1.111 165
16 0.934 0.934 2.49 120*0*) 4 0.898 145
17 1.96 1.319 2.51 93.4 8 1.176 ?

* (a) =  ab angle is y ,  ß  =  90°
b =  melting with simultaneous decomposition

M onom ers o f c h o le s te ric  basis have la y e r  s tru c tu re s . M onom ers, n u m 
b e re d  9, 13, 14 an d  15 are  doub le-layered , th e  o th e rs  m ono-layered. E x c e p t 
CVS all lay ers  are t i l te d ,  i.e.  th e  lo n g itu d in a l ax is  o f  th e  m onom er m olecules 
an d  th e  no rm al of th e  la y e r  a re  no t paralle l. T w o m onom ers — in  acco rd an ce  
w ith  th e  resu lts  o f p o la r  m icroscopy  — are  sm ec tic  (16 : S B, 14 : S q). T h e  
d iffra c to g ram  of 13 is so m e w h a t defic ien t in  lin es .

W ith in  th e  azo a n d  a zo x y  series, re g u la ritie s  a n d  sim ilarities c a n n o t he 
reco g n ized . In  general, th e  cell volum e of th e  a z o x y  com pounds is g re a te r  th a n  
th a t  o f  th e  azo com pounds. T h is  is no t v a lid  fo r  th e  u n su b s titu te d  m onom ers.
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T h e longest p e rio d  is u sually  m uch  sm a lle r  th a n  th e  es tim a ted  le n g th  o f th e  
m olecule, ex c e p t in  th e  case o f l a ,  4b , 6b an d  7b. I t  can  be a ssu m ed  o n ly  for 
th e  la t te r  t h a t  th e  acry loy l g roups a re  a rra n g e d  in  one p lane . F o r  th e  o th e r 
azo an d  azo x y  m onom ers, th e  lo n g itu d in a l ax is  of th e  m olecules a n d  th e  longest 
p e riods a re  n o t p ara lle l. H ence, i t  is p ro b a b le  th a t  th e  acry loy l g ro u p s  do no t 
fo rm  a to p o ch em ica lly  favourab le  p lan e .

P o lym eriza tion  experim ents

T he p o ly m eriza tio n  a c tiv ity  o f  e a c h  m onom er has been te s te d  q u a li ta 
tiv e ly . T h e ir  10 w t. %  so lu tions in  d io x an e  w ere h ea ted  a t  70 °C in  th e  presence 
o f  0.5 w t. %  b en zo y l peroxide fo r 30 m in . D urin g  th e  h e a t t r e a tm e n t ,  th e  
v isco s ity  o f  th e  so lu tions increased . T h e  po lym ers form ed w ere p re c ip ita te d  
w ith  m e th an o l, a fte rw ard s th e  ch o leste ro l d e riv a tiv e s  w ere d isso lved  in  benzene, 
th e  azo a n d  azo x y  deriv a tiv es  in  ch lo ro fo rm  an d  all w ere p re c ip ita te d  again  
w ith  m e th an o l. T h e  m elting  p o in ts  o f  th e  p re c ip ita te d  and d ried  p o ly m e rs  are 
l is te d  in  T ab le  IV .

A ll p o ly m eric  p roduc ts w ere o p tic a lly  b irefringen t. T he b ire fr in g en cy  
ceases a t  a d e fin ite  te m p e ra tu re . T h e  c lea rin g  p o in t o f th e  p o ly m ers  is also 
in d ic a te d  in  th e  la s t  colum n o f T ab le  IY . T h e  deta iled  in v e s tig a tio n  o f  poly-
(cholesterylvinyl succinate) and poly (p-alkyl-p’-acryloyloxy-azoxyben zene)
d e riv a tiv e s  has a lread y  been re p o rte d  [3, 4 ].
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The 0 2 contam ination of the Ar atm osphere influences in plasm a sh eath  reaction  
the ratio o f carbon oxides formed in reactions w ithin  the substance o f the electrode. 
However, in v iew  of their small q u a n tity  th ey  scarcely change the in ten sity  o f  the spec
tral lines, as com pared to other processes and effects o f major im portance. Carbon used 
as a carrier electrode reacts also w ith  the m etal oxides filled into its boring. In th e  burn
ing spot o f the arc, formed at the electrode and the substance filled in to  it , and in the 
environm ent o f the burning spot m eta l oxides undergo a spontaneous therm al decom po
sition besides their direct reduction b y  carbon. In this decom position oxygen  is liberated, 
which is able to participate in further reactions.

T h e la s t p a r ts  o f our series o f  p u b lica tio n s  d ea lt w ith  th e  re a c tio n s  of 
m ix tu re s  of various m e ta l oxides w ith  ca rb o n  pow der, p roduced  b y  a rc  d ischarge  
[1 — 10]. S tead y  a n d  flow ing A r a tm o sp h eres  w ere used to  ex c lu d e  in te r 
fe rin g  para lle l e lec tro d e  surface re a c tio n s . T he q u a n titie s  o f CO a n d  C 0 2, 
p ro d u c e d  in  th e  p o la rized  a.c. a rc  ig n ite d  a t  m ax im um  v o ltage  w ere  m easu red  
b y  o u r  gas a n a ly tic a l m ethods [11], a n d  th e  change in  in te n s i ty  o f  th e  a to m  
lin e  o f  th e  m ain  com ponen t of th e  sam p le , considered  as p ro p o r tio n a l to  th e  
e v a p o ra tio n  o f th e  sam ple, was fo llow ed. O ur re su lts  w ere e v a lu a te d  b y  th e  
co m p ariso n  of d a ta  o b ta in ed  by  th e  tw o  m eth o d s. S everal q u es tio n s  w ere  left 
o pen  in  these in v es tig a tio n s . T h u s , a  p ro b lem  to  be se ttle d  w as how  fa r  th e  
0 2 im p u r ity  of th e  A r d ischarge gas a tm o sp h e re  affects th e  re su lts  o f  th e  m eas
u re m e n ts , p a r tic u la r ly  w henflow ing  a n d  th u s  re la tiv e ly  m uch  m ore  gas is used. 
M oreover, th e  susp ic ion  arose in  th e  in v e s tig a tio n  o f carbon  p o w d er m ix tu re s  
t h a t  m e ta l oxides m ig h t reac t w ith  th e  su b s ta n c e  o f th e  R W  I I  c a rb o n  e lec trode  
u sed  as carrier e lec tro d e  besides w ith  th e  d ilu tin g  carbon  p ow der. S im ila rly  
i t  rem ain ed  an  o pen  questio n  w h e th e r  th e  sp o n tan eo u s th e rm a l d eco m p o sitio n  
o f  m e ta l oxides m a y  also produce  ox y g en , g iv ing  rise to  fu r th e r  re a c tio n s . In  
th e  follow ing, re su lts  in  co n ju n c tio n  w ith  th e  in v es tig a tio n  o f th e se  p rob lem s 
a re  rep o rted .
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1. Effect o f  the 0 2 contam ination o f the Ar atmosphere

I t  seem ed in  som e o f o u r  ea rlie r ex p e rim en ts  in  w hich  flow ing A r a tm o s
p h e re  w as  used, fo r w h ich  gas w as rep laced  fro m  a  b a llo o n  gasom eter, t h a t  0 2 
c o n ta m in a tio n  m ay  h a v e  g o t in to  th e  A r gas b y  d iffu sio n  th ro u g h  th e  w alls of 
th e  th in n e r  gasom eter b a llo o n s . T h is m igh t h av e  in flu e n c e d  th e  d a ta  m easu red , 
th e  q u a n ti t ie s  of CO a n d  C 0 2 an d  th e  in te n s itie s  o f  th e  sp ec tra l lines. T h is has 
b e e n  in d ic a te d  a lread y  in  th e  com m unication  [5] re p o r tin g  on th e  s tu d y  o f th e  
e ffe c t o f  gas flow ra te . W ith  increasing  gas flow  m o re  oxygen  m ay  ge t in to  th e  
cell, w h ic h  m igh t h av e  c h a n g e d  th e  resu lts  o f  th e  m easu rem en ts . T he oxygen  
c o n te n t  o f  A r sucked  o ff  fro m  th e  cell and re p la c e d  fro m  th e  balloon  g aso m eter 
h a s  b e e n  m easured , a n d  a c tu a lly , depend ing  on th e  w a itin g  tim e , a few te n th  
p e rc e n ta g e  of oxygen w as fo u n d . T herefore, o u r e x p e rim e n ta l sy stem  has been  
m o d if ie d . Gas w as ta k e n  d ire c tly  from  th e  A r c y lin d e r, and  a p a ra ff in  oil 
l iq u id  sea l was in se rted  b e tw e e n  th e  steel cy lin d e r a n d  th e  gas cell, to  equalize  
th e r e b y  th e  difference b e tw e e n  suction  an d  gas in tro d u c tio n . The excess o f A r 
b u b b le d  th ro u g h  th e  l iq u id  sea l in to  th e  a ir, a n d  o x y g en  could  n o t ge t in to  th e  
sy s te m . I n  th is  case th e  gas a tm o sp h ere  w as a c tu a lly  free of oxygen c o n ta m in a 
tio n .

N e x t, m easu rem en ts  u n d e r  changing  o f th e  gas flow  ra te  w ere re p e a te d , 
now  a lre a d y  in  c e r ta in ly  o x y g en  free a tm o sp h e re . T h e  ca rrie r e lec trode  w as 
R W  I I  ca rb o n , a ca rb o n  p o w d er (SU-601) m ix tu re  o f  a m ole frac tio n  of 0.6 CuO 
w as f i l le d  in to  its  b o rin g , a n d  th e  system  w as in v e s tig a te d  aga in st a c o u n te r  
e le c tro d e , m ade s im ila rly  o f  R W  I I  carbon , b y  p o la rized  a.c. arc  ex c ita tio n , 
ig n ite d  a t  m ax im um  v o lta g e . T he average c u r re n t o f  th e  arc was 7 A, th e  b u rn 
in g t im e  10 s. F igure 1 show s th e  C O produc tion , w h ile  F ig . 2 th e  C 0 2 p ro d u c tio n  
o f th e  a rc . (The m ark in g s  a a n d  c ind ica te  th e  an o d ic  or ca th o d ic  e x c ita tio n  of 
th e  sam p le .)  As c o n tra ry  to  o u r  earlie r resu lts  [5], i t  c an  be seen from  th e  fig u res  
p lo t te d  as a func tion  o f th e  flo w  ra te  of A r gas t h a t  th e  q u a n ti ty  of b o th  ca rb o n  
o x ides f i r s t  increases w ith  increasing  flow  r a te  a n d  th e n  decreases. W ith  
in c re a s in g  gas flow  th e  p a r t ia l  p ressure o f  th e  gaseous reac tio n  p ro d u c ts  
d ec rea ses  in  th e  v ic in ity  o f  th e  electrode, an d  th e  p o ss ib ility  of th e  re a c tio n  
in c re a se s . L a te r, th is  is c o u n te rb a la n ce d  b y  th e  e lec tro d e  cooling effect o f th e  
la rg e r  gas s tream  a n d  c o n se q u e n t slowing dow n o f  reac tio n . The ra tio  o f  th e  
tw o  c a rb o n  oxides, th e  C 0 2/C 0  ra tio , decreases th ro u g h o u t (Fig. 3). T he la rg e r 
gas s t r e a m  p rim arily  cools th e  superficies o f  th e  e lc tro d e , reducing  th u s  th e  
te m p e ra tu re  of th e  s ite  o f  C 0 2 fo rm ation . T h e re fo re , as c o n tra ry  to  our ea rlie r 
o p in io n , th e  freezing-in  o f  th e  reac tio n  C 0 2 - f -  C =  2 CO b y  th e  h ig h er flow  
ra te  is o f  m inor im p o rta n c e . A ccord ing  to  o u r re su lts  o b ta in e d  in  A r a tm o sp h ere  
c o n ta m in a te d  by  o x y g en  th e  q u a n ti ty  of C 0 2 in c re a se d  w hile t h a t  o f CO d e 
c re a se d  w ith  increasing  gas flow  ra te . A t t h a t  t im e  th e re  seem ed to  be tw o  
p o ssib le  ex p lan a tio n s. O ne o f  th ese  was th e  a fo re -m en tio n ed  freezing-in  o f th e
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Fig. 1. CO production as a function of the flo w  rate o f Ar gas; RW  II carbon electrode;
a: anodic, c: cathod ic  excitation

Fig. 2. C 0 2 production as a function o f the flo w  rate o f  Ar gas; RW  II carbon electrode;
a: anodic, c: cathodic  excitation

Fig. 3. C 0 2/C 0  ratio as a function of the flow  rate o f Ar gas; RW  II carbon electrode;
a:  anodic, c: cathod ic  excitation
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re a c tio n , th e  o th e r  th e  effect o f oxygen c o n ta m in a tio n . O ur p resen t e x p e rim e n ts  
v e rif ie d  th is  l a t te r  a ssu m p tio n .

T h e  in te n s i ty  o f  th e  Cu I  282.4 nm  a to m  lin e  follows also th e  cu rv es  o f  
fo rm a tio n  o f th e  c a rb o n  oxides (F ig. 4). T h u s , th e  te m p e ra tu re  of th e  ig n itio n  
sp o t o f  th e  a rc  a n d  th e  e x te n t  o f chem ical re a c tio n s  change to  a c e r ta in  deg ree  
p a ra lle l.

I t  seem ed th e n  w o rth -w h ile  to  in v e s tig a te  th e  b eh av io u r of gas a n a ly tic a l 
a n d  sp e c tra l v a lu es  as  a fu n c tio n  o f ca rb o n  p o w d er ra tio , and  com pare  th e m

Fig. 4. Change in  in ten sity  o f the Cu I 282.4 line as a fun ction  of the flow rate of Ax gas; R W  
II  carbon electrode; a:  anodic, c :  cathodic excitation

w ith  v a lu es  o b ta in e d  in  an  a tm osphere  c o n ta m in e d  b y  oxygen. F ig u res  5 a n d  6 
show  th e  q u a n tit ie s  o f  CO an d  C 0 2 m easu red  in  A r a tm osphere  c o n ta m in e d  
b y  ox y g en , w hile F ig s  7 an d  8 th o se  o b ta in e d  in  oxygen-free a tm o sp h e re . 
N u m e ra tio n  on  th e  h o riz o n ta l axis o f th e  f ig u re s  is  b id irec tional, b ecau se , as 
d esc rib ed  ea rlie r [6 , 7, 10], reac tio n s are  d e te rm in e d  from  one of th e  sides b y  
th e  q u a n t i ty  o f CuO in tro d u c e d  w ith  th e  p o w d e r m ix tu re  in to  th e  b o rin g  o f  th e  
e lec tro d e , an d  from  th e  o th e r  side b y  th e  sm a lle r  q u a n ti ty  of C pow der. T h e  
sh ap e  o f  th e  cu rves an d  th e  lo ca tion  o f m a x im a  rem a in ed  unch an g ed  in  th e  
tw o  cases, th e  o x ygen  c o n ta m in a tio n  in  th e  gas sp ace  has no effect on th e  r e a c 
t io n  p ro ceed in g  in  th e  b o rin g  o f th e  e lec tro d e , w ith in  th e  su b stan ce  o f  th e  
sam e. T h u s , th is  c an  n o t cause th a t  th e  p ro d u c tio n  o f carbon  oxides fa lls  b e 
tw een  th e  1 : 1 an d  2 : 1 CuO :C m ole ra tio s  o p tim a l for CO and  C 0 2 fo rm a tio n , 
a n d  o u r ea rlie r co n sid e ra tio n s  concerning th e  p a ra lle l course of th e  tw o  r e a c 
tio n s  h o ld  t ru e  [4, 7 ]. H ow ever, th e  m a g n itu d e  o f  th e  m ax im a changes. I t  c an  
be c lea rly  seen  fro m  th e  figures th a t  u n d e r oxygen-free  conditions, in  sp ite  o f  
th e  fa c t  t h a t  th e  new  c a rrie r  e lectrodes h e ld  b y  a b o u t 2 0 %  m ore pow der m ix 
tu re ,  th e  q u a n t i ty  o f  C 0 2 has been red u ced  a n d  t h a t  o f CO has in c rea sed  b e 
cause o f  th e  absence  o f  th e

2 CO +  0 2 =  2 C 0 2
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Fig. 5. CO production as a function of carbon powder ratio; R W  II  carbon electrode; a :  anodic, 
c: cathodic excitation; Ar atm osphere contam inated w ith  oxygen

Fig. 6 . CO j production as a function  o f carbon powder ratio; R W  II  carbon electrode; a :  anodic, 
c: cathodic excitation; Ar atm osphere contam inated w ith  oxygen

Fig. 7. CO production as a function  of carbon powder ratio; RW  II carbon electrode; a :  anodic, 
c: cathodic excitation ; oxygen-free atm osphere
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F ig. 8 . C 0 2 production as a fu n ctio n  o f  carbon powder ratio; R W  II carbon electrode; a: anodic, 
c: cathod ic  excitation ; oxygen-free atm osphere

re a c t io n . This is th e re fo re  th e  e ffec t o f 0 2 c o n ta m in a tio n  in  th e  A r a tm o sp h ere , 
w h ic h  changes in  th e  p la sm a  s h e a th  reaction  v a lu es  m easu rab le  b y  gas a n a ly t
ic a l m e th o d s. A t th e  sam e  tim e , carbon oxide m a y  be fo rm ed  in  a sm aller 
a m o u n t  also in  e lectrode su rfa c e  reaction .

T h e  change in  in te n s i ty  o f  th e  Cu I 282.4 n m  a to m  line w ith  ca rb o n  pow 
d e r  r a t io ,  ch a rac te ris tic  o f  th e  ev ap o ra tio n  o f th e  sam ple , reveals th e  sam e 
c h a ra c te r is tic s  in  A r a tm o sp h e re  con tam in a ted  b y  oxygen  (F ig . 9) as in  pu re  
A r a tm o sp h e re  (Fig. 10). N u m e ric a l d a ta  of th e  cu rv es  are  also in  fa ir ly  good 
a g re e m e n t. Thus, in  a gas c o n ta in in g  only a few  t e n th  p e r cen ts o f oxygen  th e  
e x c i ta t io n  of m eta l v a p o u rs  c a n  be considered as v ir tu a lly  eq u a l beside th e  
d o m in a n t properties o f  A r a tm o sp h ere  an d  th e  re la tiv e ly  m ore p ronounced  
re a c tio n s  w ith in  th e  s u b s ta n c e  in  th e  e lectrode. T h u s  an  u n am b ig u o u s effect 
c o u ld  n o t  be de tec ted  in  th e  sp e c tra  w ith  our n o t  to o  sensitive  ex p e rim en ta l 
m e th o d , th o u g h  accord ing  to  d a ta  in  th e  l i te ra tu re  [11 , 12] th e  effect o f oxygen  
im p u r it ie s  is revealed  a lre a d y , p a rticu la rly  in  th e  case o f m e ta l e lec trodes, 
w h e re  electrode su rface re a c tio n s  are decisive. S p e c tra l  c h a ra c te r  d a ta  as a 
fu n c t io n  of carbon p o w d er r a t io  gave also re su lts  o f  id en tica l c h a ra c te r  an d  
n e a r ly  id en tica l n u m erica l v a lu e  for co n tam in a ted  a n d  pu re  a tm o sp h ere . This 
a g a in  is ind ica tive  of a p la s m a  sh e a th  reaction , w h ich  scarce ly  affects th e  h o tte r  
p a r t s  o f  th e  p lasm a a n d  th e  e v a p o ra tio n  of th e  sam p le .

2. Carbon carrier electrode as a reaction  partner

I t  could be seen a lre a d y  from  th e  figures o f  th e  p reced ing  c h a p te r  th a t  
th e  p ro d u c tio n  of th e  tw o  c a rb o n  oxides as a fu n c tio n  o f  ca rb o n  pow der ra tio  
fa lls  b e tw e e n  CuO : C m ole r a t io s  separa te ly  o p tim a l fo r  each .T h is  w as ex p la ined
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m CuO —*- I ■«— mC
Fig. 9. Change in in tensity  o f  the Cu I 282.4 nm  line as a function o f carbon pow der ratio in 
the m ixture RW  II  carbon electrode; a: anodic, c:  cathodic excitation;^ Ar atm osphere [con

tam inated  w ith  oxygen

m CuO —»- -«— mC

Fig. 10. Change in in tensity  o f the Cu I 282.4 nm  line as a function o f carbon pow der ratio in 
the m ixture RW  II  carbon electrode; a:  anodic, c: cathodic excitation , oxygen-free  atmosphere

b y  th e  para lle l course o f th e  tw o  re a c tio n s . I t  was th o u g h t p o ss ib le , how ever, 
t h a t  o th e r  fac to rs also p la y  a p a r t .  T h e  possib le  effect o f o x y g en  c o n ta m in a tio n  
in  th e  gas space can  be  ex c lu d ed  on  th e  basis  o f th e  p reced in g  c h a p te r , bu t 
th e  sh if t o f th e  m ax im a  from  th e  m ole ra tio  o f 1 : 1 to w ard s  h ig h e r  va lu es  can 
h av e  a fu r th e r  reason . T h e  ca rb o n  c a rr ie r  electrode m ay  also re a c t  w ith  the 
co p p er oxide filled  in to  its  b o ring . T h u s , th e  precise w eigh ing  in  o f  th e  m etal
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o x id e  a n d  carbon pow der m ix tu re s  will be o f no u se , i f  p o ssib ly  m ore ca rb o n  
t h a n  c a lc u la ted  p a r tic ip a te  in  t h e  reaction . In  o rd e r to  e lim in a te  th e  reac tio n  
o f  th e  c a rr ie r  electrode, m e a su re m e n ts  have been re p e a te d  w ith  copper au x ilia ry  
e le c tro d e s  a t  an average c u r r e n t  o f  16 A and a b u rn in g  tim e  o f 10 s. A ccording 
to  F ig . 11, th e  m axim al C 0 2 p ro d u c tio n  of th e  arc fa lls  also  in  th is  case b e tw een  
th e  v a lu e s  op tim al for th e  fo rm a tio n  of the  tw o  c a rb o n  ox ides. T his proves t h a t  
th e  p a ra l le l  fo rm ation  o f  th e  tw o  carbon  oxides d e te rm in e d  th e  location  o f th e  
m a x im a  on  th e  C 0 2 curves. F ig u re  12 shows th e  C O p ro d u c tio n  o f th e  a rc  u n d e r 
id e n t ic a l  conditions, th is  t im e  o n ly  for th e  case o f  an o d ic  ex c ita tio n . T h is 
c u rv e  a c tu a lly  shows a m a x im u m  a t  a CuO : C m ole r a t io  o f  1 : 1. The d iffe ren t 
b e h a v io u r  o f the  tw o c a rb o n  o x id e s  indicates a c e r ta in  se p a ra tio n  of th e  re a c tio n  
s ite s  [3 , 4 , 8 ]. This is p ro v e d  a lso  b y  the fa c t t h a t  C 0 2 p ro d u c tio n  decreased  
m o re  p rono u n ced ly  (in  th e  in te r io r  of the  sam ple) b y  co p p er of b e tte r  h e a t 
c o n d u c tio n . The p ro d u c tio n  re a c tio n s  of th e  tw o  c a rb o n  oxides are connected  
w i th  o n e  ano ther, co n su m in g  co m p e titiv e ly  th e  re a c tio n  p a r tn e rs . T his could  
b e  g ra p h ic a lly  m odelled b y  th e  ad d itio n  of th e  c a lc u la te d  q u a n titie s  o f th e  tw o  
c a rb o n  oxides (Fig. 13). T h e  possib ilities  of th e  tw o  re a c tio n s  as a fu n c tio n  of 
th e  m e ta l  oxide (MeO) a n d  c a rb o n  pow der ra tio  w ere  ca lcu la ted  and  p lo tte d  
fo r  th e  q u a n ti ty  of th e  p o w d e r  m ix tu re  held b y  th e  b o rin g  o f  th e  electrode fo r 
th e  ca se  i f  th e  tw o re a c tio n s  w e re  independen t fro m  one a n o th e r  and  on ly  one 
a t  a  t im e  w ould proceed. D e c re a s in g  C 02 w as p lo t te d  a t  id en tica l CO p ro d u c 
t io n ,  a n d  th e  tw o cu rves o f  th e  respective p a ra lle l re a c tio n s  were added . I t  
c a n  b e  seen  th a t  the  m a x im u m  o f  th e  re su ltan t cu rv e  (b ro k e n  line in th e  F igu re) 
is  s h if te d  w ith  decreasing  C 0 2 co n ten t to w ard s  th e  m ix tu re  ra tio  of 1 : 1, 
o p t im a l  fo r CO fo rm atio n . T h is  re su lta n t cu rve  fe a tu re s  b re a k  p o in ts , w hile 
th e  to p  o f  th e  d irectly  m e a s u re d  curves is ro u n d e d  off. T h is , too , in d ica te s  a 
l in k a g e  o f  th e  tw o re a c tio n s .

I t  follows from  th e  a b o v e -m en tio n ed  th a t  th e  c a rb o n  electrode p lay s as 
a  r e a c t io n  p a rtn e r  o n ly  a  m in o r  role. T h a t i ts  su b s ta n c e  nevertheless re a c ts  
w i th  th e  m eta l oxide f ille d  in to  i t  becomes clear a lso  fro m  th e  curves o f F igs 
5 — 8 , th e  end po in ts o f  w h ic h , th e  values re le v a n t to  p u re  CuO, show  a gas 
p r o d u c t io n  higher th a n  ze ro . I n  th is  case ca rb o n  o x id es  can  reac t only  w ith  
th e  w a ll  o f  the  electrode, a  r e a c t io n  to  be ta k e n  less a n d  less in to  considera tion  
w i th  h ig h e r  carbon c o n te n t  o f  th e  pow der m ix tu re . T w o m odes of reac tio n s 
a re  n o w  conceivable. O ne p o ss ib le  mode is th e  d ire c t  c o n ta c t and  reac tio n  of 
th e  f i l le d  in  m etal ox ide w i th  th e  w all of th e  c a r r ie r  e lec tro d e , th e  o th e r th e  
th e r m a l  decom position o f  th e  m e ta l  oxides b y  th e  a rc , a n d  th e  reac tio n  of th e  
o x y g e n  form ed w ith  th e  c a rb o n  vapours, s im u lta n e o u s ly  ev ap o ra ted  in  th e  
zo n es o f  ap p ro p ria te  te m p e r a tu r e  of the p lasm a. I t  seem ed  there fo re  essen tia l 
to  in v e s tig a te  the th e rm a l d eco m p o sitio n  of m e ta l o x ides, i.e. w he th er a m eas
u ra b le  q u a n ti ty  of free o x y g e n  is  p resen t in  th e  a rc .
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Fig. 11. CO- production as'a function o f carbon pow der ratio Cu auxiliary electrode; a :  anodic,
c :  cathodic ex c ita tion

F ig. '12. CO -production as a function o f carbon pow der ratio Cu auxiliary electrode; anodic
excitation
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F ig .  1 3 . Joint form ation of CO and C 0 2 (scheme)
(mol)

3. Thermal decom position o f  m etal oxides

I t  has b een  m en tio n ed  a lre a d y  th a t  tw o  re a c tio n  zones a re  to  be fo u n d  
in  th e  pack ing  o f  th e  electrode. O ne o f th e se  is  th e  in te rio r  of th e  filling , w here 
m a in ly  C 0 2 is fo rm ed , th e  o th e r th e  b u rn in g  sp o t  o f th e  arc an d  i ts  im m e d ia te  
en v iro n m en t, w h ere  CO is p ro d u ced  in d e p e n d e n tly  of th e  p ro p e rtie s  o f  th e  
m e ta l oxides [3]. T h is  la t te r  s ite  is th o u g h t to  be  also th e  d ecom position  zone
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o f th e  m e ta l oxides [8 ]. F o r  th e  v e r if ic a tio n  o f th is  assum ption  CuO  w as 
m ix e d  in  vario u s ra tio s  in s te a d  o f  d ilu tin g  ca rb o n  pow der w ith  A120 3 a n d  filled  
in to  th e  b o rin g  of a co p p er c a r r ie r  e lec trode . T h e  arc  b u rn ed  a t 16 A fo r  10 s. 
T h e  q u a n t i ty  of oxygen a p p e a rin g  in  th e  gas space  w as m easu red  w ith  our 
t i t r im e t r ic  gas an a ly tica l m e th o d  [13]. O ur a ssu m p tio n  of th e rm a l d eco m p o 
s it io n  co u ld  be ac tu a lly  p ro v e d  (F ig. 14), o x y g en  is  p resen t in  th e  gas sp ace .

n CuO
Fig. 14. Change in 0 2 quantity w ith  A120 3 powder ratio m easured in the decom position o f  CuO; 

Cu auxiliary electrode; a:  anodic, c: cathodic excitation

T h e  f ig u re  perm its tw o conc lusions. O ne o f  th e se  is t h a t  th e  q u a n ti ty  o f  m eas
u ra b le  0 2 increases w ith  th e  in creasin g  o f th e  less s tab le  copper ox ide c o n te n t  
o f  th e  m ix tu re , b u t n o t l in e a r ly . T his is due  to  th e  fa c t th a t  th e  te m p e ra tu re  
o f  th e  b u rn in g  spo t o f th e  a rc  does n o t re m a in  c o n s ta n t w ith  c h an g in g  th e  
c o m p o s itio n  of the  m ix tu re . T h e  q u a n ti ty  o f  m e ta llic  copper fo rm ed  in  th e  
d e c o m p o s itio n  increases to o , a n d  ex erts  a coo ling  effect because o f  i ts  good 
th e rm a l  c o n d u c tiv ity  [3, 4 , 6 ]. T herefo re , th e  cu rv e  is bend ing  b a c k  th o u g h  
th e  a c tiv e  oxygen c o n te n t o f  th e  pow der m ix tu re  increases. A n o th e r o b se rv a 
t io n  is  t h a t  in  accordance w ith  d a ta  in  th e  l i te ra tu re  [14, 15] an d  o u r ea rlie r  
a s su m p tio n s  [16] th e  te m p e ra tu re  of th e  c a th o d e  sp o t is h igher th a n  t h a t  of 
th e  a n o d e  spo t, so th a t  th e  decom position  o f  th e  m e ta l oxide is also  h ig h e r 
th e re . T h is  ind irec tly  p ro v es  a t  th e  sam e tim e  th e  d iffe ren t te m p e ra tu re s  of 
th e  b u rn in g  spots of th e  a rc  o n  th e  e lec trodes o f tw o  k in d s of p o la ritie s .

T h e  question  arose w h e th e r  a decom p o sitio n  o f  th is  ch a ra c te r  e x is ts  or 
c a n  b e  d e te c te d  also in  th e  p resence  of ca rb o n  p o w d er an d  in  th e  ca rb o n  c a rr ie r  
e le c tro d e . T h is has been in v e s tig a te d  b y  ano d ic  e x c ita tio n , using  R W  I I  ca rb o n  
a u x i l ia ry  electrodes an d  CuO -j- C m ix tu re s  (F ig . 15). O xygen w as m e a su ra b le  
a lso  in  th is  case, th o u g h  h e re  n o t  only  th e  m e ta l v a p o u rs  b u t  also c a rb o n  a t 
te m p te d  to  b ind  it. The cu rv es  pass th ro u g h  a m a x im u m , w ith  a h ig h er v a lu e  of 
th e  m a x im u m  th a n  in  th e  case  o f  th e  co p p er c a rr ie r  e lectrode. T he re a so n  for 
th is  is n o t  only  the  s tro n g e r w arm in g  up  o f th e  ca rb o n  electrode, b u t  a lso  th e  
h e a tin g  u p  of carbon p o w d er to  a h igher te m p e ra tu re  th a n  th e  d ilu tin g  A120 3
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F ig .  1 5 . Change in 0 2 quantity with carbon powder ratio measured in the decomposition of CuO; 
RW II carbon electrode; anodic excitation

a d d itiv e . The d rop -d o w n  o f th e  second h a lf  o f th e  cu rves is due  again  to  th e  
cooling effect o f m e ta llic  co p p er form ed in  th e  re a c tio n . T he q u a n t i ty  o f m etallic  
copper form ed is la rg e r fo r ex c ita tio n  a t  16 A th a n  a t  7 A. M ore carbon  is 
e v a p o ra te d  a t  h ig h er c u rre n t, an d  th e  vo lum e of th e  p lasm a  is also  la rger (see 
p a r t  X X X Y  o f th e  co m m u n ica tio n  series), so t h a t  th e  p o ss ib ility  fo r recom bi
n a tio n  to  oxide is also h ig h er. O xygen w ill be p re se n t in  th e  gas space only if  
th e  oxygen  a tom s fo rm ed  d u rin g  decom position  a re  reco m b in ed  in  th e  ou te r 
co lder zones o f th e  p la sm a  besides w ith  th e  e v a p o ra te d  m e ta l a n d  carbon  also 
in  a p a ra lle l re a c tio n  w ith  one a n o th e r, to  give oxygen  m olecules. A re la tive ly  
sm all am o u n t o f free oxygen  is p resen t in  th e  gas space, b ecau se  th e  m eta l 
v a p o u rs  are s tro n g  red u c in g  agen ts even w ith  re la tiv e ly  in a c tiv e  substances 
as copper, an d  m oreover, ca rb o n  v ap o u rs  are  also p re se n t. T h u s , th e  decom po
sitio n  of m eta l oxides p roceeds in  th e  b u rn in g  sp o t o f th e  a rc  a n d  in  i ts  im m e
d ia te  en v iro n m en t. A t th e  sam e tim e , th is  zone coincides w ith  th e  m e ta l ev ap 
o ra tin g  zone o f th e  a rc , so th a t ,  d epend ing  on th e  th e rm a l s ta b il i ty  of th e  
m e ta l oxides, th e  re a c tio n  m u st affect also th e  in te n s itie s  o f th e  sp ec tra l lines.
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It has been proved b y  electrode tem perature measurements and their  comparison 
w ith  gas analytical data th a t there is a correlation between the tem perature o f the 
electrode and the chem ical reactions. In th e  case o f CuO -f- C pow der m ixtures at 
anodic excitation  of the sam ple the tem perature o f the electrode increases proportional 
to  the reaction o f greater exten t. I t  becam e ev id en t from experim ents on  the effect of 
current th a t the tem perature o f the electrode is controlled decisively b y  th e  current of 
the arc, bu t heat evolved in the reaction o f the substance filled in th e  boring of the 
electrode m odifies this tem perature, and affects thereby also the evaporation  of the 
sam ple.

Tw o effects o f th e  reac tio n s  b e tw een  th e  com ponents o f th e  p o w d er m ix 
tu re s  w ith in  th e  su b stan ce  o f th e  e lec tro d e  h av e  been d e m o n s tra te d  [1 — 5]. 
O ne o f  th e se  is th e  energe tica l e ffec t, kn o w n  also  from  the  l i te r a tu r e ,  accord ing  
to  w h ich  h e a t evolved  in  th e  re a c tio n  h e a ts  up  th e  sam ple, e n h a n c in g  th e re b y  
its  e v a p o ra tio n . T he o th e r e ffec t invo lv es  th e  gas p roduction  o f  th e  reac tio n s, 
w hich  changes th e  com position  o f  th e  p la sm a  gases and c o n se q u e n tly  th e  ex
c ita tio n  o f th e  m e ta l v ap o u rs . T he a im  o f  o u r  p resen t c o m m u n ic a tio n  w as a 
m ore  d e ta iled  in v es tig a tio n  o f th e  f ir s t ,  th e  energe tica l effect, a t  a n  ex c ita tio n  
o f  7 A as a fu n c tio n  of th e  co m p o sitio n  o f  th e  m e ta l oxide — c a rb o n  pow der 
m ix tu re , an d  on a m ix tu re  o f 0.6  m ole fra c tio n  o f m etal oxide as a fu n c tio n  of 
th e  c u r re n t  o f th e  arc . As ea rlie r, a p o la rized  a .c . arc ex c ita tio n  ig n ite d  a t  m ax 
im u m  v o ltag e  (essen tia lly  a p u lsa tin g  d ire c t c u rren t)  of a b u rn in g  tim e  o f 10 s, 
an d  a u x ilia ry  electrodes m ade o f R W  I I  a n d  R W  0  carbon h a v e  b een  used. 
T he av e rag e  te m p e ra tu re  o f th e  e lec tro d e  w as m easured  w ith  a n  iron-con- 
s ta n ta n  th erm o co u p le , th e  sensor b e ing  f i t t e d  in to  a 2 m m  deep b o rin g  a t  th e  
side o f  th e  e lec trode , loca ted  1 m m  below  th e  4 m m  boring, h o ld in g  th e  pow der 
sam ple . E v id e n tly , th is  y ields on ly  c o m p a ra tiv e  d a ta , as th e  m e a su re m e n t is 
n o t c a rr ie d  o u t in  th e  reac tin g  p o w d er m ix tu re  filling  itself. To p ro d u c e  possible 
re a c tio n s  o f d iffe ren t e x te n t, m ix tu re s  o f  d iffe ren t ra tio  of CuO w ith  carbon
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p o w d er a n d  w ith  A120 3 a n d  m ix tu re s  of A120 3 w ith  c a rb o n  pow der w ere u sed  
as m o d e l su b stan ces. T h e  re a c tio n s  were fo llow ed b y  th e  m easu rem en t o f  th e  
CO a n d  C 0 2 p ro d u c tio n  o f  th e  arc  w ith  th e  t i t r im e tr ic  gas analy tica l m e th o d s  
d e sc rib ed  earlie r [6].

1. Investigations as a function  of the com position o f the powder m ixture

F ig u re ls h o w s te m p e ra tu re v a lu e s m e a s u re d fo rC u O  -f- C pow der m ix tu re s  
o f  v a r io u s  ra tio s  a t  ano d ic  (a) a n d  cathodic  (c) e x c ita t io n  o f th e  R W  I I  c a rr ie r  
e le c tro d e . T he h o rizo n ta l ax is  o f  th e  d iagram  ca rrie s  b id irec tio n a l n u m e ra tio n , 
in  ac c o rd a n ce  w ith  th e  fa c t  t h a t  chem ical re a c tio n s  in  th e  m ix tu re  are  d e te r 
m in e d  fro m  th e  tw o  sides b y  th e  q u a n tity , or m ore  e x a c tly  by  th e  mole n u m b e r  
o f  CuO  a n d  C pow der, re sp e c tiv e ly , w hich th e  b o r in g  o f  th e  electrode can  h o ld  
[2, 3 ]. F o r  com parison , th e  fig u re  pub lished  in  one o f  ou r previous co m m u n i
c a tio n s  [3], show ing th e  s im u ltan eo u sly  m easu red  a n d  now  m ore c h a ra c te r is tic  
C 0 2 p ro d u c tio n  of th e  a rc , is  show n again (F ig . 2). I t  has been found  e a r lie r  
t h a t  th e  te m p e ra tu re  o f  th e  t e s t  sam ple depends in  a d d itio n  to  th e  c u r re n t  o f 
th e  a rc  p rim a rily  on th e  C 0 2 p roduc ing  re a c tio n  in  th e  substance filled  in  th e  
b o rin g  o f  th e  ca rrie r e le c tro d e . F igu re  2 c learly  show s t h a t  th e  reac tio n  o f  th e  
p o w d er m ix tu re  is r a th e r  in s ig n if ic a n t a t th e  c a th o d ic  ex c ita tio n  of th e  sam p le . 
T h is  sca rce ly  changes th e  te m p e ra tu re  of th e  e le c tro d e  (curve c, F ig. 1), w h ich  
g ra d u a lly  decreases w ith  in c rea s in g  CuO c o n te n t  o f  th e  pow der m ix tu re . As 
m e n tio n e d  a lread y  sev era l t im e s  [7], and as cou ld  b e  p ro v ed  now, th e  h e a tin g  
u p  o f  th e  e lectrode is c o n tro lle d  b y  th e  te m p e ra tu re  o f  th e  bu rn ing  sp o t o f  th e  
a rc . T h is  depends in  th e  case o f  a la rger excess o f  c a rb o n  pow der on th e  te m 
p e ra tu re  o f su b lim a tio n  (3 5 0 0 —4000 °C) o f c a rb o n , w h ile  i t  becom es lo w er a t  
h ig h e r  CuO co n ten t, b ecau se  th e  boiling  p o in t o f  c o p p e r  (2336 °C) red u ces th e  
te m p e ra tu re  o f th e  b u rn in g  sp o t, and  th e re b y , t h a t  o f th e  whole e lec tro d e . 
I n  a n o d ic  ex c ita tio n  o f  th e  c a rr ie r  electrode a m a x im u m  curve is o b ta in e d  fo r 
th e  te m p e ra tu re  of th e  e lec tro d e . T he lo ca tio n  o f th e  m ax im um  is e x a c tly  th e  
sam e as t h a t  of th e  m a x im u m  o f th e  reac tio n  p ro c e e d in g  in  th e  filling , o b ta in e d  
fo r a m ix tu re  of a b o u t 0.6 m o le  frac tio n  of CuO. T h is  convincingly  p ro v es t h a t  
h e a t  l ib e ra te d  in  th e  c a rb o n  ox ide  p roducing  re a c tio n  increases the  te m p e ra tu re  
o f th e  w hole  m ass o f th e  e lec tro d e .

T o  check th e  ab o v e -sa id , CuO was d ilu te d  in s te a d  of carbon p o w d er in  
d iffe re n t ra tio s  w ith  A120 3, w h ich  does n o t re a c t  w i th  CuO. Chem ical re a c tio n s  
a n d  th e  av erag e  te m p e ra tu re  o f  th e  carrier e le c tro d e  w ere m easured ag a in  w ith  
an  a rc  o f  7 A an d  R W  I I  a u x ilia ry  electrodes. I n  th is  case only a v e ry  w eak  
re a c tio n  w as o b ta in ed  as a fu n c tio n  of th e  CuO c o n te n t  of th e  m ix tu re  b o th  
fo r CO (F ig . 3) an d  fo r C 0 2 (F ig . 4) p ro d u c tio n . T h e  q u a n t i ty  of CO fo rm ed  b y  
th e  a c tio n  o f th e  a rc , s lig h tly  increases a t b o th  p o la r itie s  w ith  increasing  CuO
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Fig. 1. Tem perature o f the RW  II carrier electrode and the ratio o f CuO +  C pow der; 7 A;
a :  anodic, c: cathodic excitation

Fig. 2. The C 0 2 production o f the arc as a function o f  the com position o f the CuO -f- C m ixture;
7 A; a ;  anodic, c; cathodic excitation

m CuO ----- »- I —  m >/3 AI20 j

Fig. 3. CO production as"a function  of the m etal oxide ratio; a :  anodic, c: cathodic excitation
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m CuO - m V, Al20 3

F ig. 4. C 0 2 production as a function  o f the m etal oxide ratio; a: anodic, c: cathodic excita tion

c o n te n t  o f  th e  m ix tu re . T he d ecom position  o f CuO yields increasing  a m o u n ts  
o f o x y g e n , w hich can re a c t w ith  th e  su b stan ce  o f  th e  carbon  ca rrie r e lec tro d e  
[8 ]. A t  th e  sam e tim e, in  th e  C 0 2 p ro d u c tio n  o f  th e  arc low  v alues give as a 
fu n c tio n  o f  th e  com position  o f  th e  pow der m ix tu re  m ax im um  curves. H e re  th e  
h e a t  c o n d u c tio n s  of th e  p o w d er m ix tu re  a n d  o f m eta llic  copper fo rm ed  from  
CuO b y  decom position  p lay  a lre a d y  a m ore im p o r ta n t  role. O w ing to  th e  sm all 
e x te n t  o f  th e  reac tion , th e  av e rag e  te m p e ra tu re  o f  th e  ca rrie r e lec trode  (F ig . 5) 
does n o t  show  a m ax im um , te m p e ra tu re  v a lu es  s lig h tly  decrease b ecau se  of 
th e  co o lin g  effect of th e  co m position  of th e  m ix tu re  an d  of m eta llic  co p p er 
fo rm e d  in  th e  reaction , th o u g h  th e re  w as a h ig h e r sc a tte r  o f va lues m easu red , 
th a n  in  th e  case of CuO -(- C m ix tu re s .

F ig. 5. Tem perature of the RW  II  carrier electrode and the m etal oxide ratio; a: anodic,
c: cathodic excitation
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I t  has b een  p ro v ed  th e re b y  th a t  in  th e  absence  o f a re a c tio n  o f  h ig h e r 
e x te n t  th e  te m p e ra tu re  of th e  e lec tro d e  can  be ch an g ed  only  b y  th e  p h y s ica l 
ch a rac te ris tic s  o f  th e  pow der m ix tu re . T hese a re  decisively  d e te rm in ed  b y  th e  
c u rre n t of th e  a rc , as will be c lea rly  seen from  th e  n e x t ch ap te r.

2. Investigations as a function of the current of the arc

O ur fu r th e r  a im  was to  s tu d y  th e  effect o f  h e a t  evo lved  d u rin g  th e  ch em i
cal reac tions on  th e  te m p e ra tu re  o f  th e  R W  I I  ca rb o n  ca rrie r e lec trode  a n d  of 
th e  substance  f ille d  in  i t  as a fu n c tio n  of th e  av e rag e  c u rre n t o f th e  a rc . T he 
ca rb o n  pow der m ix tu re  of 0.6 CuO mole fra c tio n , y ie ld ing  m ax im al gas p ro 
d u c tio n  was u sed  fo r  th e  ex p e rim en ts . F o r co m p ariso n  m easu rem en ts  w ere 
ca rried  out also w ith  A120 3 -)- C pow der m ix tu re s , in  w hich  th e  oxygen  c o n te n t 
b o u n d  in th e  m e ta l  oxide was th e  sam e as t h a t  in  th e  CuO -j- C m ix tu re . As 
ea rlie r [1 — 3], th is  w as a tta in e d  b y  d iv id ing  th e  fo rm u la  w eigh t o f A120 3 b y  
th re e , th e  n u m b e r  o f oxygen a to m s c o n ta in e d , an d  ca lcu la tin g  w ith  th is  
“ eq u iv a len t w e ig h t”  as m o lecu lar w eigh t, w e p re p a re d  also from  A120 3 a 
m ix tu re  of 0.6 m ole fraction .

F igure 6 show s electrode te m p e ra tu re s  o b ta in e d  fo r CuO +  C m ix tu re s  as 
a fu n c tio n  o f th e  average  c u rre n t o f th e  a rc  a t  anod ic  (a) an d  c a th o d ic  (c) 
ex c ita tio n  of th e  sam ple . N a tu ra lly , th e  cu rves ascend  w ith  increasing  c u rre n t, 
anod ic  ex c ita tio n  re su ltin g  h igher te m p e ra tu re s , in  th e  sam e w ay  as i t  d id  give 
h ig h er gas p ro d u c tio n  [9]. T he te m p e ra tu re  cu rv es  o b ta in ed  fo r A120 3 C

F ig. 6 . Tem perature o f  the RW  carrier electrode and th e  current; CuO -f- C filling; e ;  anodic,
c:  cathodic excitation
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m ix tu re s  (F ig . 7) are f la t te r .  T h is decrease is p a r tic u la r ly  no ticeab le  in  th e  m ore 
in te n s iv e  anodic ex c ita tio n , because  here , d u e  to  th e  v e ry  sm all e x te n t  o f  reac 
t io n , th e  tem p e ra tu re  o f  th e  e lec trode  is d e te rm in ed  b y  th e  c u rre n t o f  th e  arc 
a lo n e , a n d  is scarcely in flu e n c e d  b y  th e  sm all re a c tio n  occurring  here .

T h e  re la tio n sh ip  b e tw e e n  th e  te m p e ra tu re  o f th e  e lectrode a n d  chem ical 
r e a c tio n s  becom es s till m ore  e v id e n t from  re su lts  o b ta in ed  w ith  g ra p h itic  ca rrie r

F ig. 7. Tem perature of the R W  II  carrier electrode and  current; A120 3 +  C filling; a :  anodic,
c: cathodic excita tion

e le c tro d e s  of ty p e  R W  0 ,  b e in g  b e tte r  h e a t  co n d u c to rs , an d  th e re fo re  cooler. 
T h e  av e ra g e  te m p e ra tu re  o f  th e  e lec trode  (F ig . 8 ) reveals w ith in  r a th e r  w ide 
c u r r e n t  lim its  a t  c a th o d ic  e x c ita tio n  h igher v a lu es , s im ilarly  to  th e  gas p ro d u c 
t io n  o f  th e  reactions, o f  w h ich  again  on ly  d a ta  re le v a n t to  C 0 2 are  show n in 
F ig . 9. (The CO p ro d u c tio n  o f  th e  arc, to o , gave curves o f s im ila r c h a ra c te r
[10 ]). T h e  re la tive  m a g n itu d e  o f  te m p e ra tu re  a n d  gas an a ly tic a l d a ta  o b ta in e d  
fo r  e x c ita t io n  w ith  th e  tw o  k in d s  o f p o la r ity  changes only  a t  h ig h e r c u rre n t, 
e a c h  p a ir  o f curves in te rse c tin g  above 10 A.

T h u s , th e  course o f  a ll th e  e x p e rim e n ta l e lec tro d e  te m p e ra tu re  cu rv es  in 
c o n ju n c tio n  w ith  th e  ch a n g in g  o f c u rre n t follow s w ell th e  cu rves o f chem ical 
re a c tio n s  o b ta in ed  b y  gas a n a ly tic a l m easu rem en ts . I t  follows from  th is  th a t  
c h e m ic a l reac tions a re  d e te rm in e d  besides th e  re a c tiv ity  o f th e  r e a c ta n ts  
p r im a r i ly  b y  th e  te m p e ra tu re  cond itions o f  th e  e lectrode a n d  th e  sam ple, 
d e p e n d in g  on th e  c u rre n t. T h e re  m ay  be  ra n d o m  flu c tu a tio n s , b u t  th e  tw o  v a l
u es , e lec tro d e  te m p e ra tu re  a n d  gas p ro d u c tio n , are  s tr ic tly  c o rre la ted . This 
co u ld  b e  fu r th e r  su p p o rte d  b y  ex p erim en ts  in  w hich  th e  tre n d  of f lu c tu a tio n  
o f  C 0 2 q u a n titie s , m easu red  b y  gas a n a ly tic a l m eth o d s, and  o f th e  e lec trode  
te m p e ra tu re ,  m easured  s im u ltan eo u sly , w as co m p ared . O w ing n a m e ly  to  th e  
r e la t iv e ly  large s c a tte r  o f  th e  values, each  m easu red  p o in t o f th e  cu rv es  r e 
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p resen ts  th e  m ean  v a lu e  o f  severa l p ara lle l m easu rem en ts . T h u s , w ith  a m ix tu re  
o f 0.6 CuO mole fra c tio n  in  th e  R W  I I  carbon  a u x ilia ry  e lec tro d e  th e  beh av io u r 
o f  th e  tw o  kinds o f  each  10 p a ra lle l va lues could be com pared . In  th e  f lu c tu a tio n  
o f  th e  d a ta  of m ea su re m e n t, th e  v o lu m etric  va lu es  o f  C 0 2 fo rm ed  p lo tte d  a-

F ig .\8 . Temperature o f the R W  О carrier electrode and current; CuO -f- C filling;'«!: anodic,
c: cathodic excitation

Fig. 9. C 0 2 production o f the arc as a function of current; RW  О auxiliary electrode; CuO -f- C 
packing; a:  anodic, c: cathodic excitation

g a in st th e  s im u ltan eo u sly  es tab lish ed  average  e lec tro d e  te m p e ra tu re  ac tu a lly  
give a lin e a r  re la tio n sh ip  ex cep t fo r som e m inor s c a tte r  (F ig. 10), w h ich  proved 
th e  dependence o f  th e  re a c tio n s  on th e  te m p e ra tu re  o f  th e  e lec tro d es an d  also 
th e  reverse  re la tio n sh ip .

I t  has been show n in  o u r ea rlie r ex p erim en ts  [2, 3] th a t  a s im ila r  re la tio n 
sh ip  ex is ts  also be tw een  th e  chem ical reac tio n s an d  th e  in te n s itie s  o f  th e  spectra l
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°C
F ig. 10. Temperature of the R W  I I  carbon electrode and the qu antity  o f C 0 2 produced;

CuO +  C filling; 7 A

lin e s  o b ta in e d . I t  can  be e s ta b lish e d  th u s  on th e  b as is  o f  th e  tr ip le  re la tio n sh ip  
t h a t  ch em ica l reac tions, as w e ll as th e ir  effect an d  th e  in te n s itie s  o f  th e  sp ec tra l 
lin e s  a re  con tro lled  b y  th e  te m p e ra tu re  conditions o f  th e  sam ple , w h ich  depend  
o n  th e  in s tan tan eo u s  e lec tric  p a ra m e te rs  (cu rren t e tc .) .
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G aseous products formed in reactions w ithin the substance o f  th e  electrode  
change the average tem perature of the p lasm a and the arc voltage. T hereby, th e  energy 
conditions o f the plasm a are changed, and  th is has an effect on the in te n sity  o f  the 
spectral lines.

I t  h as  been  found in  th e  s tu d y  o f  th e  m ix tu res  o f various m e ta l  oxides 
w ith  ca rb o n  pow der th a t  ca rb o n  oxides p ro d u c e d  in  th e  reac tio n  w ith  carbon  
pow der ch an g e  th e  com position  of p lasm a  gases [1 — 5], and  th is  in flu e n c e s  also 
th e  e x c ita tio n  o f th e  sp e c tra l lines. O ur a im  w as a fu rth e r  s tu d y  o f  th is  effect 
b y  m easu rin g  th e  changes occurring  in  th e  s ta te  of th e  p lasm a. U p  to  now 
n am ely , o u r re le v a n t conclusions w ere d ra w n  on ly  from  th e  b e h a v io u r  o f  th e  
in ten s itie s  o f  th e  sp ec tra l lines an d  o f th e  sp ec tra l ch a rac te r cu rv e s . In  our 
p re sen t w o rk , th e  te m p e ra tu re  o f th e  p la sm a  w as m easured  w ith  1 %  ZnO 
te m p e ra tu re  m easu ring  a d d itiv e  to  m e ta l o x id e  an d  carbon  p o w d er m ix tu re s  
b y  th e  u su a l tw o-line  m e th o d , w ith  th e  a id  o f th e  in te n s ity  ra tio  o f  th e  Zn I 
307.6 and  307.2 n in  sp e c tra l lines, and  th e  fo rm u la

2 0 5 1 0

2.654 -f- C\ T 307.6, 307.2

w as used  fo r ca lcu la tio n . T h e  s lit o f th e  sp e c tro g ra p h  was d irec tly  illu m in a te d  
from  a d is ta n c e  o f 330 m m . T hus, d is reg a rd in g  te m p e ra tu re  d is tr ib u tio n  in  th e  
p lasm a, som e k in d  of av e rag e  v alue  w as o b ta in e d , th e  change o f  w h ich  was 
in v e s tig a te d  as a fu n c tio n  o f th e  c u rre n t o f  th e  arc  and  of th e  co m p o s itio n  of 
th e  pow der m ix tu re . T hese values w ere th e n  com pared  w ith  sp e c tra l c h a ra c te r  
an d  sp e c tra l line  in te n s ity  d a ta  o b ta in e d  ea rlie r . In  our o th e r series o f  e x p e ri
m en ts th e  a rc  vo ltage  h as  been  m easu red  w ith  a large-screen oscilloscope, 
fea tu rin g  a m easu ring  n e t, c a lib ra tin g  th e  m a g n itu d e  of th e  oscilloscope signals
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w ith  v o lta g e s  of know n m a g n itu d e . F rom  th ese  tw o  k in d s  of m easuring  re s u lts  
co n c lu s io n s  w ere d raw n  on th e  changes in  th e  s ta te  o f  th e  p lasm a p ro d u ced  b y  
th e  c h e m ic a l reac tions.

1. A verage temperature o f  the plasm a

F i r s t  i t  has been  in v e s tig a te d  w h e th e r p h e n o m e n a  to  be s tu d ied  do n o t  
c h an g e  b y  th e  ac tio n  o f  th e  ZnO  te m p e ra tu re  m easu rin g  add itiv e . Z nO  is 
n a m e ly  r a th e r  vo la tile  an d  m ig h t a c t as a c a r r ie r  in  th e  au x ilia ry  e lec tro d e , 
w hile  m e ta ll ic  zinc e v a p o ra tin g  in to  th e  p lasm a  m a y  change th e  te m p e ra tu re  o f  
th e  sa m e  because  o f i ts  r e la tiv e ly  la rger q u a n t i ty .  T ab le  I  shows fo r R W  I I

Table I

Effect o f ZnO, the temperature measuring additive, on the spectrum 
RW  II carbon carrier electrode; a: anodic, c: cathodic excitation

W ith o u t  Z nO W h it 1%  ZnO

a 2 0 . 6 19.3
■ICU 282.4 c 14.3 16.5

a — 44 - 4 5
237.0, 282.4 c - 3 9 - 4 0

c a rb o n  a u x ilia ry  e lec trode  a n d  a CuO and  C m ix tu re  of 1 : 1 w eight ra t io  th e  
in te n s i ty  o f  th e  Cu I  282.4 n m  line and  s p e c tra l  ch a rac te rs  (zlYcu гз?.о, 282.4) 
w ith  a n d  w ith o u t ZnO a d d itiv e . I t  can  he seen fro m  th e  resu lts  th a t  w hile th e re  
is v i r tu a l ly  no change in  sp e c tra l  ch a rac te r d a ta ,  th e  in te n s ity  o f th e  co p p e r 
a to m  lin e  is s lig h tly  decreased  b y  th e  ZnO a d d it iv e  in  anodic e x c ita tio n  (a) a n d  
s l ig h tly  in c reased  in  c a th o d ic  ex c ita tio n  (c). T h e  sam e  was found fo r R W  О 
a u x i l ia ry  e lec trode  w hen  ch an g in g  th e  CuO a n d  C pow der ra tio . (F ig . 1; see 
also  F ig . 3 o f p a r t  X X X I I  [5]). H ow ever, th e  c h a ra c te r  of th e  curves a n d  th e  
r e la t io n s h ip  betw een  th e  tw o  k in d s  o f e x c ita tio n  d id  n o t change e ssen tia lly , so 
t h a t  th e  effect o f th e  ZnO  a d d itiv e  -was n o t  co n sid e red  as essen tia lly  i n te r 
fe r in g  a t  th e  given c o n c e n tra tio n .

O n  chang ing  th e  c u r re n t  o f  th e  arc, th e  in te n s i ty  values show n in  F ig . 2 
w ere  o b ta in e d  for th e  sa id  a to m  line of copper w ith  a CuO -f- C pow der m ix tu re  
o f 0 .6  m o le  frac tio n  o f m e ta l ox ide  in  th e  b o rin g  o f  a n  R W  0  au x ilia ry  e lec tro d e . 
T h e  s p e c tra l  ch a rac te r d a ta  fo r  th e  sam e cases a re  show n in  Fig. 3. I t  c a n  be  
seen  t h a t ,  s im ilarly  as ea rlie r [5], w ith  th e  b e t te r  h e a t-co n d u c to r an d  th e re fo re  
c o ld e r R W  0  au x ilia ry  e lec tro d e  o f g rap h ite  b a s is , lin e  in tensities are  h ig h e r a t
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Fig. 1. Change in in tensity  o f the Cu I 282.4 nm line as a function of the carbon powder 
m ixture; RW  О carbon carrier electrode; a :  anodic, c: cathodic excitation

F ig. 2. Change in in tensity  o f the Cu I 282.4 nm  line w ith current strength; RW  О carbon auxil
iary electrode, a :  anodic, c: cathodic excitation

o
DО
>-<

-50

Fig. 3. Change of the spectral character data (Y q i  2 3 7 .0 , 2 8 2 .4 ) w ith  current; RW  О carbon 
auxiliary electrode; a: anodic, c: cathodic excitation

Acta Chim. Acad. Sei. Hung. 102% 1979



3 9 4 SZABÓ, BERTA LA N : CH EM ICAL REACTIONS OF T H E  ELECTRO D E GAP

c a th o d ic  ex c ita tio n , b ecau se  e v a p o ra tio n  of th e  sam p le  is s tro n g e r now  from  
th e  b u rn in g  spo t of h ig h e r te m p e ra tu re  of th e  a rc  a t  th e  ca th o d e . S p ec tra l 
c h a ra c te r  d a ta  are m ore d im in ish e d  by  th e  la rg e r q u a n t i ty  o f  m e ta l v a p o u r 
e v a p o ra tin g  in to  th e  p la sm a , so t h a t  in  th is  case th e  sp e c tra l c h a ra c te r  curve 
ly in g  h ig h e r  is o b ta in ed  a t  an o d ic  ex c ita tio n . T hese  sp e c tra l c h a ra c te r  d a ta  
s c a rc e ly  change as a fu n c tio n  o f  th e  cu rren t. A t th e  sam e tim e , th e  average  
te m p e ra tu re  of th e  p la sm a  in c rea se s  (Fig. 4), th o u g h  th e  slope o f  th e  curves 
d ec rea ses . Cathodic e x c ita tio n  g ives h igher va lues, w h ich  is in  a p p a re n t c o n tra 
d ic tio n  w ith  spectra l c h a ra c te r  d a ta . To e lucidate  th is  in co n sis ten cy , th e  change 
o f  th e  re la tiv e  volum e o f th e  p la sm a , considered o f  th e  sh ap e  o f an  ellipsoid 
b o d y  o f  ro ta tio n , as a fu n c tio n  o f  th e  average c u r re n t o f th e  a rc  has been 
m e a su re d  p h o to g rap h ica lly  a n d  ca lcu la ted  from  cross sec tion  a n d  d iam e te r 
d a ta  (F ig . 5). These values in c re a se  to o , b u t re su lt cu rv es  o f s te a d ily  increasing  
s lo p e , a n d  in  each case v a lu e s  o b ta in e d  a t anodic e x c ita tio n  are  h ig h er. I t  seem s 
th e re fo re  th a t  th e  effects o f  th e  changes in  th e  tw o  k in d s  of va lu es  c o u n te r
b a la n c e  each  other, an d  b e c a u se  o f th is  v ir tu a lly  c o n s ta n t sp ec tra l c h a ra c te r  
d a ta  a re  ob ta ined . H ow ever, a p ro b lem  is ra ised  b y  th e  fa c t th a t  th e  average

A
F ig. 4. Average temperature o f th e  plasm a and current; R W  О carbon carrier electrode;

a :  anod ic, c: cathodic excitation

c : cathodic excitation
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te m p e ra tu re  o f th e  p lasm a, w ith o u t th e  con sid era tio n  o f  i ts  ra d ia l  a n d  axial 
d is tr ib u tio n , ch arac terizes  only  in  a lim ited  e x te n t th e  s ta te  o f th e  p la sm a , p a r
tic u la r ly  in  th e  p re sen t case, w h e re  th e  e lec tro n  p ressu re  o f th e  p lasm a  is 
u n k now n . P re su m ab ly , m e asu rem en t a t  th e  zinc line gives in fo rm a tio n  on ly  on 
a de fin ite  zone of th e  p lasm a, a n d  th is  zone is n o t necessarily  th e  sam e  in  which 
th e  tw o lines o f v e ry  d iffe ren t en e rg y , m easured  as th e  sp e c tra l lines o f the 
m a in  co m ponen t o f th e  sam ple a re  ex c ited . In d eed , i t  is w ell k n o w n  th a t  w ith  
o th e r  te m p e ra tu re  m easuring  e lem en ts  (Mg, Cd) te m p e ra tu re  v a lu e s  d ifferen t 
fro m  those  m easu red  w ith  zinc a re  o b ta in ed  [6 , 7]. T h u s, w hen  te m p e ra tu re  
d is tr ib u tio n  in  th e  p lasm a is n o t ta k e n  in to  co n sidera tion , sp e c tra l ch a rac te r 
d a ta  m ay  give m ore rea listic  in fo rm a tio n  on p lasm a processes a ffec tin g  the  
sp ec tra l lines in v es tig a ted , th a n  th e  average  te m p e ra tu re  o f  th e  p la sm a . N ev
erthe less, d a ta  o f th e  la t te r  a re  su ita b le  fo r th e  c h a ra c te r iz a tio n  o f changes 
caused  b y  chem ical reac tio n s. T h is  becom es ev id en t from  th e  p a t te r n  o f  te m 
p e ra tu re  d a ta  m easured  w ith  re a c tiv e  CuO -f- C an d  s lig h tly  re a c tin g  A120 3 
m ix tu re s . In  th e  case of A120 3 -f- C m ix tu re s  of chang ing  ra tio , v a lu es  (in  the 
R W  0  a u x ilia ry  electrode) ch an g e  along a m ax im um  cu rve  (F ig . 6), s ta r tin g  
from  re la tiv e ly  low values, c h a ra c te r is tic  o f p u re  carbon  pow der f illin g . Curves

Fig. 6 . Average tem perature of the p lasm a as a function of the A120 3 +  C pow der ratio; 
RW  О carbon carrier electrode; a: anodic, c: cathodic excitation

o b ta in e d  fo r ex c ita tio n  a t th e  tw o  k in d s  of p o la ritie s  show  also h ere  w ith  respect 
to  each o th e r th e  v e ry  opposite  lo c a tio n  an d  changes as co m p ared  to  spectra l 
c h a ra c te r  d a ta  (F ig . 7, A Y ^  281 6i 305.0). A t th e  sam e tim e , in  th e  case o f the 
CuO -f- C m ix tu re s , re su ltin g  a s tro n g e r  reac tio n , th e  m idd le  p a r t  o f  th e  curves 
is f la tte n e d  (F ig . 8), th e  curve rev ea ls  a b ro ad  m in im um . T h is is to  b e  a t tr ib u te d  
in  ad d itio n  to  an  increased  e v a p o ra tio n  because of th e  re a c tio n  also  to  changes 
occu rring  in  th e  com position  o f  th e  gas a tm o sp h ere . T h e  sp e c tra l  ch a rac te r 
d a ta  of copper give sim ilar m in im u m  curves as th e  A120 3 -j- C p o w d er m ix tu res , 
so th a t  th ese  curves are  n o t show n here.
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m'/ з  А120э^ -  j — mC
Fig. 7. Spectral character data  ( A Y M 2ei.6, sos.o) aI|J the carbon powder ratio; RW  О carbon 

carrier e lectrode; a:  anodic, c: cathodic excitation

m CuO —*■ I ■»—  mC

F ig . 8 . A verage temperature o f  th e  p lasm a as a function o f th e  CuO +  C powder ratio; R W  О 
carbon carrier electrode; a: anodic, c: cathodic  excitation

I t  h as  been decided  to  c o n tin u e  the  in v e s tig a tio n  of th e se  p henom ena by  
th e  m easu rem en t of th e  a rc  v o lta g e  the  re su lts  o f w h ich  w ere th o u g h t to  be 
m o re  re liab le .

2. A rc  v o ltag e  and chem ical reac tio n s

A s a  basis o f c o m p a riso n , th e  behav iou r o f  th e  a rc  v o ltag e  has been  
s tu d ie d  w ith  com binations o f  e lec tro d e  pairs m ad e  o f  fo u r k in d s  of pu re  su b 
s ta n c e s  (C, F e , Си, Al) in  fo u r  k in d s  of pure gas a tm o sp h e re s  (Ar, N2, 0 2 an d  
C 0 2), ch an g in g  also th e  p o la r i ty  o f th e  e lectrodes. T hese  re su lts  show ed th a t  
a rc  v o lta g e  depends d ec is iv e ly  a n d  p rim arily  on  th e  n a tu re  o f th e  gas a tm o s
p h e re . In d e p e n d e n t of th e  co m p o s itio n  and  th e  p o la r i ty  o f th e  e lectrode couple, 
in  in c re a s in g  order th e  fo llo w in g  average d a ta  w ere  o b ta in e d  fo r arc  vo ltag e :

Ar <  No <  О., <  C 0 2 =  39.6, 42.6, 44.5 a n d  44.4 V
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M easurem en ts in  co n ju n c tio n  w ith  A r -f- 0 2 m ix tu res o f  v a r io u s  ra tio s  
h a v e  been re p o r te d  a lread y  [8 ] a n d  show  th a t  arc  vo ltage  g ra d u a lly  increases 
on  passing  over from  th e  m o n o a to m ic  a rg o n  to  th e  d ia tom ic  o x y g en , because 
th e  d issociation  o f  increasing  a m o u n ts  o f  o x ygen  consum es in c reas in g  q u a n titie s  
o f  energy  in  th e  p lasm a . T hus, less en e rg y  is le f t for io n iza tio n , th e  n u m b e r  of 
co n d u c tin g  p a rtic le s  decreases in  th e  p la sm a . T h e  resistance  o f th e  a rc  increases, 
a n d  voltage  d ro p  across th e  arc  w ill b e  la rg e r. T h is is p roved  also  b y  th e  above 
d a ta  in  co n sid e ra tio n  o f th e  d ec reas in g  o rd e r o f  th e  d issoc ia tion  energ ies of 
n itro g en , oxygen  an d  carbon  d io x id e  (9.76, 5.11 an d  4.07 eV), ow ing  to  w hich  
m o re  energy is consum ed  in  th e  a rc  fo r d issoc ia tio n  in  th e  ab o v e  o rd e r  o f  th e  
gases. The arc v o lta g e  value of 44 .5  V  fo r o x ygen  is som ew hat h ig h , co m in g  close 
to  th a t  o b ta in ed  fo r carbon  d iox ide  a tm o sp h e re . T his can be p a r t ly  a t t r ib u te d  
to  th e  fac t th a t  th e  carbon  e lec tro d e  p ro d u ces in  th e  arc  ca rb o n  d io x id e , th e  
e ffec t of w hich increases th e  av e ra g e  v a lu es  o b ta in ed  b y  c o m p u ta tio n  o f th e  
m ean . I f  th e  c a rb o n  e lectrode is n o t  in c lu d ed  in  th e  above a v e ra g in g , 44 .0  Y is 
o b ta in e d  for o x y g en  as th e  a v e rag e  o f  m easu rem en ts  w ith  th e  o th e r  th re e  
e lec trodes, w hich  f i ts  well in to  th e  series. A t th e  sam e tim e , fo r  c a rb o n  d iox ide 
o n ly  th e  energy  o f  decom position  to  ca rb o n  m onoxide was ta k e n  in to  co n sid e ra 
t io n  in  th e  above va lu e . H ow ever, i t  is e ssen tia l from  th e  asp ec t o f  th e  fo llow ing 
th a t  in  C 0 2 a tm o sp h e re  th e  arc v o lta g e  is h ig h e r b y  ab o u t 5 Y th a n  in  p u re  A r.

In  A r a tm o sp h e re , w ith  CuO -j- C p o w d er m ix tu res  in  th e  b o rin g  o f  th e  
R W  I I  carbon  e lec tro d e , arc v o lta g e  increases  w ith  th e  e x te n t o f  th e  chem ical 
reac tio n s . A t ano d ic  ex c ita tio n  (T ab le  I I ) ,  m easu red  in  th e  f i r s t  seco n d , w hen  
th e  reac tio n  d id  n o t y e t s ta r t ,  low  arc  v o ltag e , ch a rac te ris tic  o f  p u re  A r was 
o b ta in e d . A ccord ing  to  th e  cu rv es  o b ta in e d  b y  gas a n a ly tic a l m easu rem en ts
[9 ], th e  reac tio n  accelera tes in  th e  4 th  second  in  anodic e x c ita tio n . V alues of 
a rc  vo ltage  are  a lso  th e  h ighest a t  th is  p o in t, p a rtic u la rly  in  th e  case o f  th e  
m ix tu re  of 0.6 CuO m ole fra c tio n , p ro d u c in g  th e  la rg est q u a n t i ty  o f  C 0 2.

Table II

A rc voltage values in  volts with changing CuO  -f- C mixture ratios at various moments o f  the burning
tim e o f  the arc

Ar atm osphere, anodic excitation

,CuO content 
[in mole 
fraction

Time of measurement, в

1 4 10 15

0 .03 37.2 38.7 38.7 38.7

0 .0 7 38.7 38.7 38.7 38.7

0 .1 3 40.1 40.1 38.7 38 .7

0 .5 0 40.1 41 .5 41.5 38.7

0 .6 0 41.5 43 .0 41.5 41.5

0 .7 5 40.1 41.5 40.1 40.1

1.00 40.1 40.1 40.1 40.1
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L a te r ,  w hen  th e  m ain  p a r t  o f  th e  reac tion  is a lre a d y  te rm in a te d , arc v o ltag e  
v a lu e s  becom e again  sm a lle r . In  cathod ic  e x c ita tio n  th e  electrode is co lder, 
p ro d u c e s  less carbon  d io x id e  an d  i t  is h e a te d  u p  m ore  slowly. The cu rv es  of 
gas p ro d u c tio n  begin  to  b e n d  up w ard s la te r , a n d  a rc  v o ltag e  a tta in s  even  w ith  
th e  m ix tu re  of 0.6 CuO m ole frac tio n , p ro d u c in g  th e  la rg es t q u a n tity  o f C 0 2, 
o n ly  in  th e  10 15 th  seco n d  th e  h ighest v a lu e . H o w ev er, th is  value does n o t 
a t t a in  th e  m agn itude  o f  th e  m ax im um  v alue  o b ta in e d  w ith  anodic e x c ita tio n  
a n d  m ore  carbon  oxide p ro d u c tio n  (Table I I I ) .

Table III

A rc voltage values in volts w ith changing CuO -f- C ratios at various moments o f the burning time o f
the arc

Argon atmosphere, cathodic excitation

CuO content 
in mole 
fraction

Time of measurement, g

1 4 10 15

0.03 38.7 38.7 38.7 38.7

0.07 38.7 40.1 40.1 38.7

0.13 38.7 38.7 38.7 38.7

0.50 38.7 38.7 40.1 40.1

0.60 38.7 40.1 4 1 .5 41.5

0.75 40.1 40.1 40.1 40.1

1.00 38.7 38.7 38.7 38.7

T h e  role of C 0 2 p ro d u c e d  in  th e  re a c tio n  in  th e  e stab lish em en t o f arc  
v o lta g e  w as proved  b y  tw o  fu r th e r  series o f e x p e rim e n ts . Ow ing to  th e  absence  
o f  re a c tio n , w ith  th e  c a rb o n  pow der m ix tu res  o f  sca rce ly  reac tin g  A120 3, th e  
sm a ll va lu es  c h a ra c te ris tic  o f  A r a tm osphere  a re  re f le c ted  in  th e  arc  v o ltag e  
v a lu e s , in d ep en d en tly  o f  th e  com position  of th e  m ix tu re  (T able IV). T he s itu a -

ТаЫе IV

A rc voltage values in volts with changing A l20 3 -f- C mixture ratios at various moments o f the burning
o f the arc

Argon atmosphere, anodic excitation

AljO, content 
in mole 
fraction

Time of measurements, s

1 4 10 15

0.03 37.2 37.2 37.2 37.2

0.07 38.7 37.2 37.2 37.2

0.10 38.7 38.7 37.2 37.2

0.50 38.7 38.7 38.7 38.7

0.60 38.7 38.7 38.7 38.7

0.75 37.2 37.2 37.2 37.2

1.00 37.2 38.7 38.7 38.7
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t io n  is th e  sam e in  ca th o d ic  e x c ita tio n , so t h a t  th e se  d a ta  are  o m itte d  here . 
A t th e  sam e tim e , in  C 0 2 atm osphere  CuO  -|- C pow der m ix tu res  g av e  a t  an o d ic  
e x c ita tio n  (T able У) h ig h  arc v o ltag e , c h a ra c te r is tic  o f C 0 2, w h ich  w as even  
la rg e r  th a n  va lu es  show n  above o b ta in e d  w ith  co m p ac t, pu re  e lec tro d es . T h is

Table V

A rc voltage values in  volts with changing CuO +  C m ixture ratios at various moments o f  the burning
o f  the arc

C02 atmosphere, anodic excitation

CuO content Í Time of measurements, s
in mole 
fraction 1 4 10 15

0.03 50.1 50.1 50.1 50.1

0.07 47.3 47.3 48.7 48.7
0.13 47.3 48.7 50.1 50.1

0.50 47.3 48.7 50.1 48.7

0.60 47.3 50.1 50.8 48.7
0.75 47.3 48.7 50.1 47.3

1.00 47.3 50.1 50.1 48.7

a rc  v o ltag e  scarce ly  depends on th e  co m p o sitio n  o f th e  m ix tu re , b ecau se  of 
w h a te v e r  e x te n t th e  C 0 2 p roducing  re a c tio n , th is  does n o t change a n y m o re  th e  
co m p o sitio n  o f th e  gas a tm osphere. T h is  is su p p o rte d  also by  arc  v o lta g e  va lu es  
m easu red  on A120 3 C pow der m ix tu re s  in  C 0 2 a tm osphere , s im ila r ly  a t 
an o d ic  ex c ita tio n  (T ab le  V I), th e  d a ta  ag ree in g  w ell w ith  those  o b ta in e d  fo r 
CuO -(- C pow der m ix tu re s . A t c a th o d ic  e x c ita tio n , to o , id en tica l v a lu e s  w ere 
m easu red  w ith  th e  tw o  k inds of p o w d er m ix tu re s .

Table VI

Arc voltage values in volts with changing Al.,():i -f- C m ixture ratios at various moments o f  the burning
o f  the arc

C02 atmosphere, anodic excitation

AljOg content 
in mole 
fraction

Time of measurement, s

1 4 10 15

0.03 48.7 50.1 50.1 50.1

0.07 48.7 50.1 50.1 50.1

0.10 48.7 51.5 51.5 53.0

0.50 45.8 50.5 48.7 48.7
0.60 45.8 50.5 50.1 48.7

0.75 47.3 50.5 51.5 48.7

1.00 45.8 48.7 48.7 48.7
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T h u s , th e  ab o v e  f in d in g  prove well t h a t  w h en  th e  e x te n t of th e  re a c tio n  
is h ig h e r, gaseous re a c tio n  p ro d u c ts  fo rm ed  in  th e  re a c tio n  change th e  co m p o 
s itio n  o f  th e  p la sm a  gases an d  also th e  arc  v o lta g e . T h e  energy co n d itions o f  th e  
p la sm a  a re  ch an g ed  th e re b y , an d  th is  affec ts th e  in te n s i ty  of th e  sp e c tra l lin es . 
M oreover, i t  follow s fro m  th e se  re su lts  th a t  i f  a c a rb o n  oxide p ro duc ing  re a c tio n  
o f h ig h e r  e x te n t is to  be ex p ec ted , i t  is w o rth -w h ile  to  use a p r io r i fo r  th e  
e q u a liz a tio n  o f th e  s ta te  o f th e  p lasm a  a C 0 2 d isch arg e  gas a tm o sp h ere , o r  to  
a p p ly  p re -a rc in g  tim e  a n d  w a it u n til  th e  m a jo r  p a r t  of th e  reac tio n  h as  ta k e n
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C onductivity o f m any (more or less sim ple) electrolyte m ixtures has been  inves
tigated , where the concentration of one o f the ions (in m ost cases th at o f  th e  cation) 
and the tem perature have been kept constant.

It could be pointed out that deviations ex ist from an assumed a d d itiv ity  nearly  
in every case, bu t their m axim a are rather low: e.g. the average of differences in 5M  
solutions am ounts only 2.8%. The d eviation s depend on temperature and to ta l con
centration, but th ey  are not a function o f  ionic strength. In sim plest cases th ese  differ
ences are not significant, which allow to draw conclusions for the stab ility  o f  new  species 
in other system  when the difference is h igh enough.

I t  seem s that the deviations from  ad d itiv ity  in solutions o f co n sta n t cation  
(anion) concentration can be explained neither b y  electrostatic principles nor by ion 
pair form ation alone, but special interactions m ust also be taken into  account. As a 
working hypothesis, hydrogen bridged association  of hydrated anions w as supposed.

C o n d u c to m e try  is one of th e  o ld est m e th o d s  in  co o rd in a tio n  ch e m is try  
b u t  its  use fo r q u a n ti ta t iv e  purposes g ives som e problem s [1]. I n  sp ite  o f th is , 
as th e  c o n d u c tiv ity  is in flu en ced  b y  th e  w ho le  s tru c tu re  of th e  so lu tio n , con
d u c to m e try  is one o f th e  m ost im p o r ta n t  m e th o d s  for s tu d y in g  th e  s tru c tu re  
o f  e lec tro ly te  so lu tions [2, 7 — 9].

F o r  in te rp re tin g  th e  observed  p h en o m e n a , for th e  possible s tru c tu re s  of 
d ilu te d  an d  c o n c e n tra ted  e lec tro ly te  so lu tio n s , severa l th eo re tica l, sem i-em pir- 
ic a l an d  fu lly  em p irica l re la tio n s are  k n o w n  [2 — 6 and  references th e re in ]  b u t 
i t  becom es ev id en t th a t  th e  problem s to  be  so lved  increase w ith  in c re a s in g  con
c e n tra tio n  in  m ore an d  m ore com plex a n d  in d iv id u a l w ays.

I t  follow s th a t  no conclusion can  be d raw n  for th e  c o n d u c tiv ity  o f a 
m ix tu re  o f tw o so lu tions (even i f  th e y  c o n ta in  th e  sam e e lec tro ly te ) from  th e  
in d iv id u a l co n d u c tiv itie s  of th e  base so lu tio n s . T he reason  th a t  th e  c o n d u c tiv ity  
m easu rem en ts  a re  less im p o r ta n t for th e  in v e s tig a tio n  of eq u ilib ria  in  coo rd i
n a tio n  ch e m is try  lies f ir s t  o f all in  th is  fa c t.  T h ere  are problem s also w ith  stab le  
com plexes (w here th e  co n d u c tiv ities  cou ld  be  m easured  in  v e ry  d ilu te d  so lu 
tio n s) as no n e u tra l  sa lt can  be added  to  ach ieve  a c o n s tan t ion ic  s tre n g th , 
because th e  c o n d u c tiv ity  change due to  th e  com plex  fo rm atio n  w o u ld  be in-
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s ig n if ic a n t in  th is  case. B u t th e  possib ility  is o p en  fo r th e  in v e s tig a tio n  of 
co m p lex es w ith  low s ta b ili ty , o n ly  we oug h t to  k n o w  th e  co n d u c tiv ity  b e h a v 
io u r o f  r a th e r  co n c e n tra ted  sim ple e lec tro ly te  m ix tu re s , w here no in te ra c tio n s  
can  b e  su p p o sed .

O u r fo llow ing d iscussion w ill be lim ited  to  co n d u c tiv itie s  o f e le c tro ly te  
m ix tu re s  a t  c o n s ta n t ionic s tre n g th , th a t  is w h ere :

cM =  Нс, =  co n st. ( 1)

(d ea lin g  o n ly  w ith  1 : 1 e lec tro ly tes  a t  th e  b eg in n in g ); or even th e  c o n d itio n  
can  b e  p o s tu la te d  th a t  one o f th e  ions in  all e le c tro ly te s  (the  an ion  or th e  c a tio n ) 
m u s t b e  com m on.

A t c o n s ta n t to ta l  co n c e n tra tio n , ta k in g  som e neglections an d  co n d itio n s  
in to  c o n s id e ra tio n , th e  fo llow ing a d d itiv ity  o f  co n d u c tiv itie s  can  be su p p o sed :

х м  =  I  X ,  C j  (2)

t h a t  is , in  th e  s im p lest (an d  to  a ce rta in  e x te n t:  idea lized ) cases, th e  a d d i t iv i ty  
p ro b le m  o f c o n d u c tiv itie s  a rises as a q u estio n  o f  co n stan cy  o f eq u iv a le n t c o n 
d u c tiv it ie s .

T h e re  are  know n som e exam ples in d ic a tin g  th e  a d d itiv ity  of th e  c o n d u c 
t iv i t ie s  a t  c o n s ta n t to ta l  co n c e n tra tio n  an d  w ith  one com m on ion, and  in  sev e ra l 
o th e r  m ix tu re s  (b u t w ith o u t com m on ion) th e  m a x im a  of th e  d ev ia tio n s  fro m  
E q . (2 )(zl*ii;2, m easu red  a t  cx =  c2 =  cM/2 =  0 .5 M )  can  be ch a rac te rized  w ith  
good a p p ro x im a tio n  b y  th e  fo llow ing em p irica l re la tio n sh ip  [8 ]:

zi*1/2=  |o .0 2 i ( iA -  ; b ) |  (3)

T h is  a lso  m ean s th a t  even  in  re la tiv e ly  c o n c e n tra te d  1M  so lu tions th e  e s tim a te d  
e rro r  c a u se d  b y  th e  d ev ia tio n  from  th e  law  o f a d d it iv i ty  is ab o u t 1%  o r less 
(e x c e p t som e ex trem e  cases).

O u r a im  w as to  in v e s tig a te  th e  c o n d u c tiv itie s  o f  several sim ple (o r s u p 
p o sed ly  sim ple) e lec tro ly te  m ix tu re s  an d  to  a n sw er th e  follow ing q u e s tio n s :

a) how  large are th e  d ev ia tio n s  from  th e  a d d itiv itie s ;
b ) in  w h a t degree are  th e y  in fluenced  b y  th e  to ta l  co n cen tra tio n ;
c) w h a t is th e  effect o f changes in  ionic s t r e n g th  or in  te m p e ra tu re ;
d) w h a t is th e  d irec tio n  o f  dev ia tio n s;
e) c a n  anom alies be d e te c te d  in  c o n d u c tiv itie s  w hen th e  in te ra c tio n  b e 

tw een  th e  com ponen ts is a w ell-know n fac t;
f) a re  dev ia tio n s show n b y  changes o f o th e r  p a ram e te rs  sim ilar to  th o se  

o f c o n d u c tiv i ty  changes?
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Change of the conductivity of m ixtures as a function  of the changes in ions

Solutions o f  5 .000M  co n cen tra tio n  h av e  b een  p rep a red  a t  25.00 °C from  
th e  follow ing su b s ta n c e s  of an a ly tic a l g rade  (a n d  con tro lled ) p u r i ty :  N aC104, 
N a N 0 3, N aO H , N aC l, N aB r and  N a l .  T he c o n d u c tiv itie s  o f th e  so lu tio n s and  
th e ir  m ix tu res h a v e  b een  m easured  using  a R a d io m e te r  CDM2 C o n d u c to m ete r 
a n d  R ad io m ete r CDC 104 electrode in  a vessel th e rm o s ta te d  to  25.00 ^  0.02 °C.

As ty p ic a l re s u lts ,  th e  c o n d u c tiv ity  ch an g es o f sodium  p e rch lo ra te  — 
sod ium  halide m ix tu re s  are show n in  F ig . 1. I n  F ig . 2, th e  en larged  p e rcen ta l 
d ev ia tio n s from  E q . (2 )a rep resen ted .T h e  re su lts  in d ic a te  obvious (a lth o u g h  n o t 
sig n ifican t) d ev ia tio n s  an d  suggest th e  p o ss ib ility  o f an  em pirical ap p rox im a-

Fig. 1. Conductivities o f  5 M  sodium perchlorate — sodium  halide m ixtures in  function o f  
halide concentration (* in 1000 o h m _Icm _1)

Fig. 2. D eviation s from the supposed add itiv ity  in  5 M  Na(C104, X ) solutions
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t io n  acc o rd in g  to  E q . (3 )(b u t w ith  a la rg e r  c o n s ta n t) . E x c e p t th e  so lu tio n s  con
ta in in g  so d ium  hyd ro x id e , n e g a tiv e  d ev ia tio n s  o f  s im ila r ty p e  a n d  d irec tio n  
h a v e  b e e n  found  in  all cases.

T h e  sequence o f e ffec ts  is rev e rsed  w hen th e  co n d u c tiv itie s  o f  sod ium  
h y d ro x id e  — sodium  h a lid e  m ix tu re s  a re  in v e s tig a te d  (see F igs 3 a n d  4). 
T h e  h ig h e s t  difference ex is ts  b e tw een  th e  e q u iv a len t c o n d u c tiv itie s  o f  5M  
N a O H  a n d  NaCl an d  th e  lo w est b e tw een  th o se  o f  N aO H  an d  N a l ,  b u t  th e  
d e v ia t io n  from  a d d itiv ity  is co n sid e rab ly  h ig h er in  th e  la t te r  case.

F ig u re s  3 and 4 show  th e  c o n d u c tiv ity  changes o f N a O H —N a N 0 3 m ix 
tu re s ,  to o , as a single case o b se rv ed  b y  us w here th e  co n d u c tiv ity  d e v ia te d  in  
p o s it iv e  d irec tio n  from  a d d it iv i ty .

F ig. 3. Conductivities o f 5 M  sod ium  hydroxide — sodium  halide (and n itrate) so lutions at
25.00 °C (in  1000 o h m _1cm _1)

F ig. 4. D eviation  of conductiv ities (in % ) from  add itiv ity  in  5 M  N a(O H , I), N a(O H , Br), 
N a(O H , Cl) and Na(O H , N 0 3) solutions
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F ig u re  5 p re sen ts  th e  p h en o m en a  observed  in  5 M  N a l — K I  so lu tio n s, th e  
ex p ec tab le  d ev ia tio n  acco rd ing  to  E q . (3) is show n b y  d o tte d  line . (A  co n stan t 
o f  0.084 w as used  as an  av e rag e  o f all d ifferences from  a d d itiv itie s  excep ting  
th e  d a ta  o f system  c o n ta in in g  sod ium  hydrox ide .)

СКП
Fig. 5. The conductiv ity  o f 5 M  (N a, K )I solutions (1: m easured; 2:Jcalculatedfusing Eq. 5

w ith a constant o f 0.084)

O ur in v es tig a tio n s  ca rried  o u t so fa r  c learly  in d ic a te  t h a t  in  co n cen tra ted  
5 M  so lu tions

a) d ev ia tio n s from  a d d it iv i ty  can  alw ays he o b se rv ed ;
b) th e  d ifferences a re  n o t  to o  s ig n ifican t: th e  m ean  v a lu e  o f  th e  s tu d ied  

17 sy stem s is 2 .8 6 % ;
c) th e re  a re , how ever, ty p ic a l dev ia tio n s from  th is  av e rag e  re fe rrin g  to  

specia l in te ra c tio n s ;
d) a re la tio n sh ip  o f  ty p e  3 is a t  b e s t o f an  in fo rm a tiv e  c h a ra c te r ;
e) m ost o f  th e  d ev ia tio n s  (16 o u t o f 17) p o in t to  n eg a tiv e  d irec tio n ;
f) th e  d ifferences a t  th e  s im p lest system s a re  n o t to o  s ig n ifican t: a 

conclusion  can be allow ed fo r th e  s ta b ili ty  o f new  species in  th e  case o f  high(er) 
d ev ia tio n s .

Effect o f the total concentration and the tem perature

As a m odel, th e  N aC104—N aO H  system  w as e m p lo y e d :2 .0 0 0 ,4 .0 0 0 and 
6 .000M  so lu tions w ere p re p a re d  a t  25.00 °C (in  som e cases a t  15 an d  35 °C) 
a n d  th e  co n d u c tiv itie s  o f  th e  m ix tu re s  w ere m easu red  a t  th e  g iven  te m p e ra tu re  
a n d  a t  c o n s ta n t sod ium  io n  co n cen tra tio n s .
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A s before, th e  h ig h e s t d ev ia tio n s  w ere o b serv ed  in  1 : 1 m ix tu re s : a t
2 5 .0 0  °C —4.1%  in 6M ; — 1 .6 %  in  4 M  and  —0.6%  in  2 M  so lu tio n s. In  so lu tions 
o f  2 a n d  4 M  sodium  ion  c o n c e n tra tio n s  and  a t  35.00 ^  0.02 °C, th e  co n d u c tiv 
it ie s  w e re  add itiv e  w ith in  th e  e rro r  of th e  m easu rem en t acco rd in g  to  E q . (2) 
a n d  e v e n  in  6M  so lu tion  th e  d e v ia tio n  was only  — 1.8 %  a t  th e  sam e te m p e ra 
tu r e .

A t  15.00 i  0.02 °C th e  d ev ia tio n s  from  a d d itiv itie s  in crease  to  a sign if
ic a n t  e x te n t :  in  case of 2 M  to ta l  c o n cen tra tio n  i t  w as — 1 .4 % , a t  4 M  ab o u t 
3 .0 % .

W ith o u t d raw ing  f in a l conclusions from  th e  re su lts , th e  follow ings can 
be  su m m a riz e d  (su p p o rted  a lso  b y  som e fu r th e r  m easu rem en ts):

a) th e  d ev ia tion  from  a d d i t iv i ty  is s ig n ifican tly  a ffec ted  b y  th e  to ta l  
c o n c e n tra tio n . (This w as a lre a d y  in d ica ted  b y  th e  low er 0.021 coeffic ien t in  
E q . (3) re la tin g  to  m ore d ilu te d  1 M  so lu tions an d  b y  th e  0.084 average  fo r5 M  
so lu tio n s ) ;

b ) th e  effect o f th e  te m p e ra tu re  is v e ry  e x p lic it an d  re fers to  special 
in te ra c tio n s  depending p r im a r ily  on  tem p era tu re .

Effect o f  changes in  ionic strength

A ll of th e  m en tio n ed  in v e s tig a tio n s  have  b een  p e rfo rm ed  w ith  1 : 1 
e le c tro ly te s  and  th e ir  m ix tu re s , t h a t  is th e  c o n s ta n t to ta l  c o n c e n tra tio n  m ean t 
c o n s ta n t  ionic s tre n g th , to o . I t  m ig h t be assum ed th a t  th e  o b serv ed  phenom ena 
a t  d if fe re n t to ta l  c o n c e n tra tio n s  a re  caused b y  th e  change o f  ion ic  s tre n g th  
a n d  th e  consequence th e re o f. H o w ev er, system s, w here  a m o n o v a len t an ion  is 
c o n tin u o u s ly  su b s titu te d  b y  a b iv a le n t or even tr iv a le n t  an io n  (b u t th e  con
c e n tr a t io n  of th e  ca tio n  is k e p t  c o n s ta n t) , seem  to  be  b e t te r  fo r s tu d y in g  th e  
e ffe c t o f  ionic s tren g th .

T h e  f irs t  sy stem  in v e s tig a te d  a t  25.00 ^  0.02 °C w as 2 .000M  N aO H  and  
1 .0 0 0 M  N a 2S 0 4.W h en  th e se  so lu tio n s  were m ixed , th e  c o n c e n tra tio n  o f sodium  
io n s w a s  2 .0 0 0 M b u tth e  io n ic  s tre n g th  changed  b y  5 0 % . I n  ad d itio n , a ra th e r  
b ig  d iffe rence  ex ists b e tw een  th e  eq u iv a len t co n d u c tiv itie s  o f th e  tw o e lec tro 
ly te s ,  th e re fo re  (accord ing  to  E q . (3) a s ig n ifican t d e v ia tio n  from  a d d itiv ity  
c o u ld  b e  expected .

In  sp ite  of th is , th e  m e a su re m e n ts  have show n th a t  ev en  th e  m ax im um  
o f th e  dev ia tions lies a t  th e  l im it  o f m easu rem en t e rro rs : in  th is  sy stem  th e  
c o n d u c tiv itie s  are p ra c tic a lly  a d d itiv e .

N e x t we in v es tig a ted  th e  fo llow ing system s (in  so lu tio n s a t  c o n s ta n t 5M  
p o ta s s iu m  ion c o n c e n tra tio n s)  a t  25.00 °C: K I —K 2C 0 3; K O H  — K 2C 0 3; 
K I  — K 3P 0 4 and K O H  — K 3P 0 4. ( In  th e  f irs t  cases th e  ion ic  s tre n g th s  changed  
b y  5 0 % , in  th e  second ones b y  1 0 0 % .) A lthough  s ig n if ic a n t n e g a tiv e  d ev ia tions
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cou ld  be observed  in  co n d u c tiv ities  fro m  th e  add itiv ities, th e i r  sizes w ere 
below  tho se  ca lcu la ted  on th e  basis o f  (m o d ified ) E q . (3), and th e ir  seq u en ce  was 
rev e rsed  in  m ix tu re s  con ta in ing  p o ta s s iu m  h y d ro x id e  (sim ilar to  th e  m en tio n ed  
sy stem s co n ta in ed  sod ium  hy d ro x id e).

T h e  su rp ris in g  resu lts  can be su m m a riz e d  as follows:
a) n o t th e  ion ic  s tre n g th  b u t  th e  c o n s ta n t  cation  c o n c e n tra tio n  p lays 

th e  m a in  role* (if th e re  is an a n io n -a n io n  exchange),
b) b o th  th e  ea rlie r conclusions a n d  th e se  experim en ta l fa c ts  p o in t  to  the  

im p o rta n c e  of specia l in te rac tio n s.
B o th  conclusions are  su p p o rte d  a lso  b y  th e  following e x p e rim e n t: a series 

o f  so lu tions w as p re p a re d  a t 25 °C, w h ere  th e  sod ium  hydrox ide c o n c e n tra tio n  
w as 3 .000M , w hile  th e  ionic s tre n g th  w as co n tin u o u sly  v aried  f ro m  5.000 to
6.000 using  sod ium  perch lo ra te . T h e  ch an g e  in  ionic s tren g th  w as  o n ly  20%  
(like to  th e  c o n c e n tra tio n  of th e  c a tio n )  b u t  th e  co n d u c tiv ity  d ec rea sed  by  
15 .3% . (In  o th e r  w ords: th e  c o n d u c tiv itie s  o f  so lu tions w ith  h ig h e r  to ta l  con
c e n tra tio n s  and  h ig h e r ion  co n ten ts  a re  lo w er th a n  those of lo w er t o ta l  con
c e n tra tio n s  b u t  w ith  th e  sam e so d iu m  h y d ro x id e  conten t.)

The effect of m ercury(II) chloride on the conductivity of sodium  chloride
so lu tion

I t  is well k n o w n  th a t  m e rc u ry (II)  io n s fo rm  stab le  com plexes w ith  ch lo
rid e  ions. The s ta b i l i ty  o f HgCl2 is b ig  en o u g h  [11] th a t  in th e  p re sen ce  o f  chlo
rid e  excess th e  d issoc ia tion  of m e rc u ry ( I I )  ch lo ride  can be n eg lec ted . I n  th is  
case, even  th e  fo rm a tio n  of m ixed  h y d ro x o  com plexes, i.e. th e  h y d ro ly s is  of 
m e rc u ry (II)  ions m a y  also be n eg lec ted  [11]. I n  sp ite  of these , th e  fo rm a tio n  
c o n s ta n ts  o f tr ic h lo ro -m e rcu ra te (II)  a n d  te tra c h lo ro -m e rc u ra te (II)  species are 
in  th e  o rd er of m a g n itu d e  th a t  th e ir  in f lu e n c e  on  con d u ctiv ity  ca n  be  ex p ec ted  
ju s t  in  m ore c o n c e n tra ted  so lu tions. T h e  fo rm a tio n  of these species h a s  been 
s tu d ie d  b y  m an y  a u th o rs  and b y  se v e ra l m e th o d s  [11], and th e  r e s u lts  o b ta in e d  
a t  25 °C are in  good agreem ent w ith  e ach  o th e r :  th e  log K 3 v a lu e s  v a ry  from
0.75 to  0.95; th e  lg  K 3K A values fro m  1.85 to  2.13.

In d e p e n d e n tly  from  these w ell-k n o w n  fa c ts , th e  co n d u c tiv itie s  o f  sod ium  
c h lo rid e -m ercu ry (II)  chloride so lu tio n s  m ig h t prev iously  be a ssu m e d  in  dif
fe re n t w ays:

a) A ssum ing  th a t  HgCl2 is a  re g u la r  e lec tro ly te , h igher c o n d u c tiv itie s  
m ig tli be expec ted  in  m ix tu res c o n ta in in g  m e rc u ry (I I )  chloride th a n  in  so lu tions 
w ith  th e  sam e so d iu m  chloride c o n c e n tra tio n .

* Similar to the Olson Simonson effec t, w h ich  can be noticed in the case  o f som e re
actions [10]
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b) K now ing  th e  f a c t  t h a t  HgCl2 p ra c tic a lly  does n o t dissociate a n d  d is 
re g a rd in g  o th e r in te ra c tio n s , i t  m igh t be e x p e c te d  t h a t  th e  co n d u c tiv itie s  o f  
so d iu m  ch lo ride  so lu tio n s a re  un affec ted  b y  m e rc u ry ( I I )  chloride.

c) C onsidering  f u r th e r  associations a n d  a ssu m in g  th a t  th e  e q u iv a le n t 
c o n d u c tiv itie s  o f m e rc u ry ( I I )  chloro com plexes d iffe r  from  th a t  o f ch lo rid e  
( th e y  h a v e  low er v a lu es), a decrease in  c o n d u c tiv itie s  o f sodium  ch lo ride so lu 
tio n s  m ig h t be ex p ec ted  in  fu n c tio n  of th e  m e rc u ry ( I I )  chloride c o n c e n tra tio n .

T h e  m easu red  d a ta  (F ig . 6) (a t 25.00 °C a n d  a t  c o n s ta n t, l.OOOiVf so d iu m  
ch lo rid e  c o n cen tra tio n ) p ro v e  th e  expected  a s su m p tio n  c, as th e  c o n d u c tiv ity

85

8A
X '^••^N aC I

83

\
82 \

4
\81

80
_________ 1_________ 1_________ 1_________ 1_________ I_____________________I__________________i_________________ i__________________ I__________________ 1___

0 0.05 0.10 015 0.20 0.25
C HgCl2 ]

Fig. 6. The influence o f m ercuri» chloride on the c o n d u ctiv ity  of 1.000 M N aC l so lu tion

d ecreases c o n tin u o u sly  w ith  increasing  m e rc u ry (II)  ch lo ride  co n cen tra tio n  b u t  
n o t lin e a r ly . I t  can  be u n d e rs to o d  if  we assum e th e  v a lid i ty  of E q . (2 )in  a co n 
c re te  fo rm :

к =  ^Na+[N a + ] +  ACi- [ C l- ]  +  *Hgc ir [H g C lr ]  +  AHgCli_[HgCl42- ]  (4) 

an d  co n sid e r th e  ex p ressio n s o f  to ta l  c o n c e n tra tio n s :

[C1“ ]T =  [C1-] +  [H gC lr] +  2 [H g C lI-]  (5)

[H gCl2]T =  [H gCl2] +  [H gC If] +  [H gC l2- ]  (6)

E q u a tio n  4 can  be re w r it te n  using  th e  fo rm a tio n  c o n s ta n ts

[HgClj-]
[H gC l2][C l~]

[H gC l2- ]

[H gC l2][C K ]2
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as
x =  ANa+[N a+ ] +  Ac .-[C 1 -] +  AHgc i r ^ [ H g C l2][C l- ]  +

+  AHgc ij--^ 3 ^ i [H gC l2][C l- ]2 (7)

I f  th e  a ssu m p tio n s (f irs t o f all t h a t  th e  eq u iv a len t c o n d u c tiv itie s  are 
c o n s ta n t a t  c o n s ta n t c a tio n  c o n c e n tra tio n ) a re  va lid , curve 6 ca n  u n a m b ig 
u o u s ly  describ ed  using  E qs (5 — 7) a n d  som e c o n s ta n ts  defin ed  in  th e m . In  
o th e r  w ords, th e  eq u ilib riu m  c o n s ta n ts  ( to g e th e r  w ith  th e  m e n tio n e d  A values) 
can  be ca lcu la ted  d irec tly . As a re su lt o f  ( r a th e r  sim ple) co m p u te r c a lc u la tio n s , 
we o b ta in e d  th e  fo llow ing c o n s ta n ts : lg  K 3 =  0.90 ^  0.06 a n d  lg  К 3К± =  
=  1.99 i  0.08. T hese co n stan ts  are su ita b le  fo r th e  clear d e sc r ip tio n  o f  th e  
m easu red  c o n d u c tiv itie s  and  f i t  w ell to  th o se  g iven  in  l i te ra tu re .

T h e  good ag reem en t of m easu red  a n d  ca lcu la ted  d a ta  (see F ig . 6 ) p roves 
th e  v a lid ity  of a d d it iv i ty  an d  c o n s ta n c y  o f  e q u iv a len t c o n d u c tiv itie s  [(E qs 2, 
7)] in  so lu tions a t  c o n s ta n t ionic c o n c e n tra tio n s  an d  gives a p rec ise  in te r p r e ta 
t io n  fo r th e  “ n e g a tiv e ”  eq u iv a len t c o n d u c tiv itie s  o b ta in ed  b y  th e  ro u g h  a p 
p ro x im a tio n  o f a an d  6.

Relations between viscosity (and  density) and conductivity

T o ch a rac te rize  th e  re la tio n sh ip  b e tw een  conductiv ities  a n d  v iscosities 
o f  so lu tio n s c o n ta in in g  a given su b s ta n c e  in  d iffe ren t so lven ts, W a l d e n ’s ru le
[12] can  be em ployed :

A°ij° =  co n st. (8)

T h is  e q u a tio n  is o ften  used  fo r c o m p arin g  th e  v iscosities a n d  c o n d u c tiv 
i t ie s  o f  th e  g iven  su b stan ce  a t  d iffe re n t co n c e n tra tio n s  b u t  in  th e  sa m e  so lven t 
(o f  course in  a sense d issim ilar to  E q . (8)).

F o r  s tu d y in g  th is  re la tio n , ag a in  th e  N aC104—N aO H  m odel w as  chosen 
a n d  b o th  th e  changes in  v iscosities a n d  c o n d u c tiv itie s  have b een  in v e s tig a te d  
(in  a d d itio n  to  th o se  in  densities) in  so lu tio n s  o f c o n s ta n t ca tion  c o n c e n tra tio n . 
T h e  d en sities w ere m easu red  b y  p y c n o m e te r  m eth o d , th e  v isco s itie s  in  an  
O s tw a ld  v isco sim eter m ade o f r e s is ta n t g lass an d  hav ing  a c a p illa ry  d ia m e te r  
o f  0.8 m m . (The flow tim e of so lu tions v a r ie d  from  60 to  150 seco n d . T h e  te m 
p e ra tu re  w as k e p t c o n s ta n t w ith  an  a c c u ra cy  o f  ^ 0 .0 2  °C.)

As a ty p ic a l re su lt we p re se n t th e  c o n d u c tiv ity , v iscosity  a n d  d en sity  
d a ta  o f  6 M  N aC104—N aO H  system  a t  25 °C in  F ig . 7. The h ig h e s t re g u la r ity  
c a n  be o bserved  in  d e n s ity  changes: th e  d e n s ity  depends lin e a r ly  on  th e  con
c e n tra tio n  of one o f  th e  anions w ith in  th e  lim its  o f m easuring  e r ro rs , i.e. th e  
a d d i t iv i ty  o f  th e  d ensities seem s to  be  v a lid  a t  c o n s ta n t c a tio n  c o n c e n tra tio n  
in  th is  sy stem . I t  c an  also m ean  th a t  th e  h y d ra tio n s  w hich a ffe c t m a in ly  th e
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d e n s itie s  do n o t change or change only s lig h tly  d u r in g  m ixing: or th e  q u a li ty  
o f  p o ssib le  in te rac tio n s  is n o t  s ign ifican tly  d iffe re n t from  those ex isting  in  b ase  
e le c tro ly te s .

S ince th e  d irec tio n  o f changes is th e  sam e in  th e  values of c o n d u c tiv itie s  
a n d  v iscosities, i t  is obv ious t h a t  E q .(8)is u n s u ita b le  even  for th e  a p p ro x im a te  
d e sc r ip tio n  of th e  p h en o m en a . I t  is m ore in te re s t in g  th a t  a d ev ia tio n  from  
a d d i t iv i ty  can  be o b serv ed  on  th e  v iscosity  c u rv e , w h ich  has th e  sam e c h a ra c 
te r  a n d  m ag n itu d e  as t h a t  o f  th e  co n d u c tiv ity  c u rv e . T h u s th e  p ro d u c t o f  v is 
co sitie s  a n d  co n d u c tiv itie s  is n o t  only u n s te a d y  b u t  also fails to  be in  d ire c t

NaOH

Fig. 7. T he change o f co n d u ctiv ity , v iscosity  and den sity  in  6 M  N a (0 H , C104) m ixtures a t  
25.00 °C (1: density, in g  cm - 3 ; 2: conductivity, in 1000 o h m -1 cm _1; 3: v iscosity , in  cP )

p ro p o r t io n  to  one o f  th e  an io n  c o n cen tra tio n s : in  1 : 1 m ix tu re  a  d e f in ite  
m a x im u m  dev ia tio n  c a n  be seen.

T h e  change o f v isc o s ity  can  n o t be a t t r ib u te d  to  th e  in d iv id u a l species, 
i t  re f le c ts  in  every  case th e  s tru c tu re  of th e  so lu tio n : th e  d is to rtio n  o f w a te r  
p o ly m e rs , th e  com p etin g  h y d ra tio n s  of ions [13] a n d  th e  fo rm atio n  of h e te ro - 
c o n ju g a te s , too . A re la tio n sh ip  like E q .(2 )is  p o ssib le  on ly  fo rm ally  an d  o n ly  
w ith  th e  ap p ro x im a tio n  t h a t  each  com ponen t c o n tr ib u te s  to  th e  b u ild -u p  o f 
th e  s t ru c tu re  lin ea rly  w ith  i ts  concen tra tio n .

A s i t  h ad  to  be e x p e c te d  th e  s tru c tu re  a n d  a lso  th e  v iscosity  o f th e  so lu 
tio n s  a re  m ore ex p ressiv e ly  affec ted  by  so d iu m  h y d ro x id e  th a n  b y  so d ium  
p e rc h lo ra te . This is in d ic a te d  b y  th e  w ell-know n fa c t ,  too , th a t  th e  v isco s ity  
o f so d iu m  h y d ro x id e  so lu tio n s  increases fa s te r  w ith  increasing  co n cen tra tio n s  
th a n  t h a t  o f so lu tions c o n ta in in g  sodium  p e rc h lo ra te .

C om paring  th ese  fa c ts  w ith  th e  m easu red  re su lts  th e  a ssu m p tio n  t h a t  
d e v ia tio n s  are  caused  b y  th e  change in degree o f  io n -p a ir  fo rm atio n  becom es
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v e ry  d o u b tfu l. I f  th e  p h en o m en a  w ould  in d eed  be caused  b y  th is ,  th e  deviations 
o u g h t to  have d iffe re n t signs. ( I f  th e  d ecreased  “ d issoc ia tio n ”  o f  sod ium  hy- 
d ro x i dew ould  be co o rd in a ted  to  th e  a p p a re n t m in im um  of c o n d u c tiv ity  i t  would 
lead  to  th e  d ed u c tio n  th a t  an  a p p a re n t v isco s ity  m ax im um  h a s  to  ap p ear a t 
th e  sam e place.)

A ll these  su g g est (com paring  th e m  w ith  d a ta  p ro v in g  th e  m onotonous 
change o f densities a n d  assu m p tio n s m ad e  th e m  p robab le) t h a t  a n  in te rac tio n  
o f  o th e r  ty p e  th a n  c a tio n -a n io n  p a ir in g  is responsib le  for th e  d e v ia tio n s . In  our 
o p in ion  all anom alies can  be so lved  i f  we assum e th a t  less s ta b le  hydrogen 
b rid g ed  a n io n -a n io n  com plexes m ig h t be fo rm ed  betw een  th e  h y d ra te d  anions. 
As a v e ry  rough  a p p ro x im a tio n , we m ay  assum e e.g. th e  fo rm a tio n  o f  a com plex 
be tw een  th e  s lig h tly  h y d ra te d  p e rc h lo ra te  a n d  th e  s tro n g ly  h y d ra te d  hydrox ide 
ions in  a follow ing or a sim ilar fo rm :

H— О
\H., e  

;:OH 
H '

/
H — 0

' H
(9)

T h is  p ic tu re  is w ell su p p o rted  b y  o u r re su lts  discussed e a r lie r  a b o u t the 
effect o f changes in  to ta l  c o n cen tra tio n  an d  te m p e ra tu re . W h en  th e  to ta l  con
c e n tra tio n  is low er, (re la tive ly ) m ore  w a te r  m olecules are  a v a ila b le  fo r the  
h y d ro g en  b ridged  h y d ra tio n s  o f  an ions, th u s  th e  fo rm a tio n  o f  th e  assum ed 
com plex  is h in d ered  b y  com p etin g  reac tio n s , th a t  is no an o m a lo u s  behavior 
ex is ts . T h e  increase o f  te m p e ra tu re  has a s im ila r effect: th e  a p p a re n t  m inim a 
o f co n d u c tiv itie s  o b se rv ed  a t  low er te m p e ra tu re  d isap p ea r b ecau se  of the 
b reak in g  of h y d ro g en  bonds.

( I t  is to  be m en tio n ed  here  t h a t  v iscosities have been  s tu d ie d  a t  several 
to ta l  co n cen tra tio n s  a n d  a t  v a rio u s  te m p e ra tu re s . In  a ll cases  th e  re la tion  
show n in  F ig . 7 w as d e te rm in ed , a n d  v isc o s ity  m in im a h a v e  b e e n  m easured 
in  such  NaC104—N a O H  system s w here  th e  co n d u c tiv itie s  a lre a d y  seem ed to  
be a d d itiv e  w ith in  th e  lim its  of m e asu rem en t errors.)

B ased  on th e  developed  m odel an d  u s in g  eq u a tio n s lik e (5  — 7 ) ,we tried  
to  e v a lu a te  th e  c o n d u c tiv ity  d a ta  o f  so lu tio n s w ith  c o n s ta n t 6 M  sod ium  ion 
co n c e n tra tio n  a t 25.00 °C. W e fo u n d  t h a t  C urve 7 can  e x a c tly  be  described 
w hen th e  fo rm atio n  c o n s ta n t o f p e rc h lo ra te  — h y d rox ide  co m p lex  is given as

К  =  0.038 ±  0.004

W e m ust be fu lly  aw are o f th e  fa c t t h a t  th is  is m erely  a n  a p p a re n t  con
s ta n t  since i t  com prises all h ith e r to  u n k n o w n  co n stan ts  re fe rr in g  to  th e  s tru c 
tu re  (h y d ra tio n , io n -p a ir  fo rm a tio n , etc.) o f  6 M  so lu tions.
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CARBON-13 DYNAMIC NMR STUDY OF ROTATIONAL 
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The rotational barriers o f the am ide bond between the tw o rotam ers present in 
liquid phase were studied in  16 g lycine ester derivatives. The steric, electron-w ith
drawing and conjugative effects o f su bstitu en ts on the amide bond ro ta tio n  were in
vestigated . R ate constants o f the dynam ic exchange between rotam eric form s A and В 
were calculated from  the com plete line-shape analysis of NMR spectra. T he free energies 
o f activation, dG ^B, obtained b y  m eans o f  the Eyring equation are also given .

Introduction

T h e p a r tia l  doub le  bond  c h a ra c te r  o f  th e  am ide ca rb o n — n itro g e n  bond 
w as one o f th e  f ir s t  p rob lem s s tu d ie d  b y  d y n am ic  NM R sp ec tro sco p y . A lthough  
th e  m a jo r ity  o f te m p e ra tu re  d e p e n d e n t N M R  stud ies ca rr ied  o u t  so fa r  used 
th e  p ro to n , th is  nucleus suffers from  deficiencies [1]. The use o f  th e  carbon-13 
nucleus in  s tu d y in g  th e  ro ta tio n a l b e h a v io u r  of th e  am ide  b o n d  w as f irs t 
re p o r te d  b y  Gansow  an d  his co-w orkers [2].

I n  p rev ious p ap ers  [3 — 7] th e  e ffec t o f su b stitu en ts  R x, R 2 a n d  R 3 on 
th e  s ta b il i ty  o f th e  g ro u n d  an d  t r a n s i t io n  s ta te s  (see below ) w ere  rep o rted .

e  be
R3 0  R 3 0

\®  /7  AG* \  b ® /
N^ C ^ ------ N — C/  \  /  v

Rj  R,  R j  R,
ground s ta te  transit ion state

T h e effects o f s u b s ti tu e n t e le c tro n e g a tiv ity  an d  bulk , c o n ju g a tio n  a b il i ty  and  
s te ric  p ro p ertie s  on ro ta tio n a l b a rr ie rs  h a v e  been stud ied .

In  th is  w ork  we p re sen t re su lts  concerned  w ith  s u b s ti tu e n t  effec ts  and 
th e ir  re la tiv e  im p o rtan ce  in  th e  case o f  m onochloro- and  d ic h lo ro a c e ty l glycine 
e th y l e s te r  d e riv a tiv es  I —XVI.

* Presented in part at E U R O A N A L Y SIS II I , Dublin, August 20 -  26, 1978
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C om pounds I —X  (m o n o ch lo ro ace ty l d e r iv a tiv e s )  a n d  X I—XYI (dichloro- 
a c e ty l  derivatives) can  b e  c h a ra c te riz e d  w ith  th e  fo llow ing  form ulas:

о 0
- 4 ||з 2 1 4 Изо СНз— с—о—сн2—СНз С1 о CH2—С— 0
1|5 / \ в ||5 /
С—N сн--с—;N

\  7 п / \  7...П
К 2 С1 Ra

I— X XI — XVI

(for К2 , see Table 1)

Experimental

The 13C spectra were o b ta in ed  at 20 MHz on a V arian CFT-20 spectrometer, pulsing  
w as carried out by locking on  th e  deuterium  signal o f the so lv en ts , 8 m m  spinning tubes were 
u sed  and all spectra were p roton  broad-band decoupled. N orm ally  8192 data points were used  
in  th e  interferogram and sp ectra l w idths of 4000 H z were em ployed , therefore, the d igital 
reso lu tion  lim it was 0.98 H z.

Spectra were recorded for so lu tion s in CDC13, CD3COCD3 or in  dioxane-d6, depending on 
th e  so lub ility  and probe tem p erature . The probe tem peratures were controlled by a Varian  
V ariable Temperature Controller A ccessory with an accuracy o f  J^ l.5  °C.

Samples. Compounds I —X V I are chemically new , b io log ica lly  active materials. T hey  
w ere synthesized according to  k n ow n  procedures for preparing IV-alkyl and N -acylam ino  
esters [8]. The raw m aterials ob ta in ed  were purified on a lum ina colum ns with an a c tiv ity  
grade IV  according Brockm an.

R esults and Discussion

A n a ly s is  o f conformers

T h e NM R sp e c tra l d a t a  o f com pounds I — XVI are  p resen ted  in  T ab le  I .  
T h e  assignm ents of s p e c tra l  lin e s  are based m a in ly  o n  chem ical sh ift d a ta  b u t  
in  a few  cases th e  o ff-re so n an ce  spectra  w ere also  re c o rd e d . In  order to  p e rm it 
u n am b ig u o u s  assig n m en t o f  C-3 and  C-5 ca rb o n s , w e com pared  th e  chem ical 
s h if ts  o f th e  tw o c a rb o n y l g ro u p s  in  the  d e r iv a tiv e s  w ith  =  CH2C1, R x =  
=  CHC12, and R x =  CC13 [9 ]. A d iam agnetic  sh ie ld in g  w as expected  fo r th e  
c a rb o n y l w hich has a d ja c e n t  chlorine atom s as th e  n u m b e r of th e  la t te r  in 
c re a se s , th e  higher f ie ld  c a rb o n y l line show ed th is  b e h a v io u r, ind ica tin g  th a t  
th is  lin e  belongs to  C-5.

I n  th e  liqu id  p h a se  a t  a m b ie n t te m p e ra tu re s  tw o  ro ta m e rs  of com pounds 
I —V III and  X I—XV w ere  o b se rv ed  according to  th e i r  sp ec tra . The s tru c tu re s  
o f  ro ta m e rs  A and  В w ere  a ssu m ed  to  be th e  fo llow ing .
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r  / 4  C1 \ „ s  „
0
/ l 5

■~C“ °

R2-----R2
А  с н ,

—  N J / 2

\  0í.N II3 2 :
ch2- c- o- ch2- ch3

U II3 2 1
CHj-C-O-CHj-CHj

„a" „в"

Fig. 1. Assum ed conform ations of rotam ers A and В

A t am b ien t te m p e ra tu re  m ost o f th e  lines sp lit  acco rd ing  to  th e  d ifferen t 
m ag n e tic  en v iro n m en ts  ex is tin g  in  conform ers A an d  B , b u t  th e  C -l m e th y l c a r
bons rem ain  u n a ffec ted , show ing a  sh a rp  sin g le t. A s tra ig h tfo rw a rd  ex p la n a 
tio n  o f th is  p h enom enon  m ay  be t h a t  th ese  a re  fa r  from  th e  am id e  b o n d  and 
ro ta te  freely.

A t th e  sam e tim e  an  irre g u la r  b e h av io u r o f  C-3 ca rb o n y l lin es  has been 
observed  (see T ab le  I) . I n  com pounds I, III, V, VI, VII, X I, X III a n d  XV th ey  
ap p eared  as single, sh a rp  lines b u t  in  com pounds II, IV, X II a n d  XIV, w here 
R 2 w as a sec-buty l o r iso p ro p y l g roup , th e y  show ed th e  sam e s p li t t in g  as m ost 
o f  th e  rem ain in g  ca rb o n s  o f th e  m olecules. One possib le e x p la n a tio n  of th is  
u n ex p ec ted  b eh av io u r is  th a t  th e  C-3 ca rb o n y l g roups are  n o rm a lly  o u t o f the  
ro ta tio n  space o f th e  am id e  bond  (2a), th e re b y  th e ir  m ag n e tic  e n v iro n m en t 
rem ains u n affec ted , b u t  th is  s i tu a tio n  changes in  th e  p resence  o f  ste rica lly  
crow ded groups such  as sec-buty l o r iso p ro p y l g roups. I n  th e se  cases, p ro b ab ly  
th e  ca rb o n y  groups are  forced  in to  th e  ro ta tio n  space (F ig . 2b).

V

.CH,-CH,-N
2 2 V

£-CH2 
Cl

c\ 2/ ° \ 2 / 
^ c 3 с н 2 

о

CH,

V  6
! с - с н 2

7 /  \
-C H -N 4 С1

\  c f 2 псн. V^CHV * 3 о

2 /  
2

с н ,

а Ь
F ig. 2. Steric effects o f substitu en ts R 2 on the C-3 carbonyl group: (a) w ith no steric interaction,

(b) w ith steric interaction

In  accordance w ith  th e  above o b se rv a tio n , an  increased  ro ta t io n a l  b a rrie r 
w as expec ted  in  th e  sec-b u ty l an d  iso p ro p y l d e riv a tiv e s .

A few o th e r ca rb o n s  o f R 2 s u b s titu e n ts  show  a s im ila r b e h a v io u r  to  th e  
C -l m e th y l carbons b u t  th e y  are also  fa r  enough from  th e  am ide  g ro u p  to  re 
m ain  unaffec ted .

T he assignm ent o f  conform ers A and  В is based  on th e  o b se rv ed  d iam ag 
n e tic  sh ield ing  caused  b y  th e  s te rica lly  close groups. A ccord ing  to  th e  chem ical
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Table I
Chemical shift data o f compounds I—XVI at ambient temperature

Compound

!

C-l C-2 C-3

— 7CH2—8CH2—9CH2— 10CH3 A 14.4 6 1 . 1 169.3
I в 61.9 170.0

i i 10CH3
- ' C H  8CH2—9CH3

A
В 14.3 60.9*

61.9
169.4
170.7

— 7CH2- 8C H , - 9CH3
A 14.4 60.2* 169.4

h i В 61.9 170.6

A 14.4 61.0 169.6
IV — 7CH(aCH3)2 В 61.9 170.0

V -  7CH2-  8CH2-  9c h 2-  o -  10CH3 A
В 14.3 61.2*

61.9
169.4
170.0

9 10

VI
7 A 14.2 61.2* 169.0

- CH^ - \ 0 ) n В 61.8 169.4

P H ,------CH2

VII
7 /  \ , 0 A 14.4 61.0* 169.5

— CH CH2
\  /

В 62.0 170.8

\ 8  9 /  
CH2------CH2

VIII — 7C(8CH3)3** A 14.3 61.8 170.9
В

IX — 7C(8CH3)2-  9C O -  19CH 3* * A 14.4 61.8 171.1
В

X 2.6** diethyl phenyl A 14.3 61.2 168.0
В

Dichloroacetyl derivatives

X I -  ’CH2-  8CH2 9CH2— 19CH3 A
в 14.2 61.2

61.9
168.0
169.2

Х П 8CH3
- 7C H ~ 9CH2- 19CH3

A
в 14.2 61.0

62.1
168.6
169.9

X III - ’CH2- sCH2- 9CH3 A
в 14.3 61.2*

61.1
168.6
169.2

XIV -  7CH(8CH3)2 A
в 14.2 61.1

62.0
166.8
170.0

\  8 9

XV - ф ) 10 A
в 14.0 61.2*

61.7
168.2
168.4

XV I — 7C(8CH3)3** A
В 14.2 60.8 169.5

* Lines used for the line-shape analysis 
** Only one rotamer present
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(relative to T M S p p m )  M onochloroacetyl derivatives (R , =  CH2C1)

C-4 C-5 C-6 C-7 C-8 C-9 C-10 C-ll

49.7
50.1 166.9

41.8
42.3

48.5
47.9

31.3
29.8 20.4 14.0 —

43.4 166.2 42.1 55.6 29.8 11.2 19.0
44.9 167.3 42.9 52.3 27.3 17.6
48.4 167.0 41.8 51.4 22.3 11.2
49.9 42.4 50.1 20.9 11.3

43.1 166.4 42.1 49.6 20.9*
44.8 166.6 43.1 46.7 19.6

48.5 167.3 41.5 46.7 28.8 69.3 58.550.5 42.2 46.1 27.8 70.3

48.1 167.5 42.0 52.8 136.8 128.9 128.5 128.349.3 42.2 50.7 137.2 129.4 128.3

44.1
45.7 166.6 42.2

43.2
57.9
54.8 31.8 26.2 25.7 —

47.9 167.5 44.5 58.7 28.2 — — —

51.2 167.5 42.5 59.4 27.0 44.6 207.1 31.0

52.8 167.0 41.6 137.0 130.0 127.8 142.8

(R 2=CHCL,)

49.8 164.2 65.2
65.9 49.0 31.0*

29.3 20.1 13.7

44.0
45.0

163.9
164.8

65.8
66.3

55.5
53.7

18.5*
17.4

28.0
27.1 10.9

49.1
50.0 164.4 65.2

65.9
51.5
50.8

22.1
20.6 11.1

43.9
45.0

164.3
164.9 66.1 49.6

48.2
19.4*
19.8 — — —

48.4
48.9 164.6 65.2

65.6
52.7
51.3

135.5
136.0

128.2
128.0 129.0

47.0 163.2 66.7 58.9 27.6 —
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s h if t  d a ta  for conform ers A (w h ich  represen ts th e  m ore  s tab le  form ) th e  m ono- 
c h lo ro a c e ty l group is close to  th e  R x chain as ca rb o n s  C -l. . . C-6 are  d iam ag- 
n e tic a l ly  shielded an d  c a rb o n s  C-7. . .C-n h av e  sm a ll p a ram ag n e tic  sh ield ing  
c o m p a re d  to  th e  sam e c a rb o n s  of conform ers В (for d e ta ils , see T able I). C on
s e q u e n tly , in  conform ers В th e  m ono- or d ic h lo ro a c e ty l g roup  is close to  th e  
R 2 su b s ti tu e n t . The p o p u la t io n  of th e  more s ta b le  co n fo rm er A varies b e tw een  
55 a n d  75 %  in  com pounds I —YII and  XI—XV (see th e  AG°a <b values in  T ab le  I I ) .

I n  com pounds VIII — X  a n d  XVI, w here R 2 is a t-b u ty l or a 2 ,6 -d ie thy l- 
p h e n y l or a C(CH3)2C H 2C O C H 3 group, only  one co n fo rm er can be observed . 
S p e c tra  ob ta ined  fro m  h ig h  tem p e ra tu re  e x p e rim e n ts  (T  =  135 °C) show  
s im ila r  fea tu res , th e re fo re , w e assum e th a t ,  due  to  s tro n g  s te ric  h in d ran ce , th e  
c a rb o n — nitrogen  b o n d  does n o t  ro ta te , and  o n ly  one conform er form ed in  th e  
ch em ica l reac tion  ex is ts . I n  com pounds VIII — IX th e  s im ila rity  o f chem ical 
sh if ts  to  those com pounds I —VII suggests t h a t  in  th e se  cases th e  con fo rm ation  
is p ro b a b ly  of th e  В fo rm . I n  com pounds X a n d  XVI th e  chem ical sh ifts  do 
n o t  c o n firm  th is  a ssu m p tio n .

C alcula tion  o f the rate constan ts , fcAB, and activation param eters ( AGab  and AG°a b )
o f  exchange processes

W e used th e  c lassica l lin e  shape th e o ry  [10] in  th e  in te rp re ta tio n  of e x 
c h an g e  processes. In  a ll th e  cases  stud ied , th e  d y n a m ic  process can be consid 
e red  as a classical tw o-side  e x ch an g e . The sp e c tra  w ere  reco rd ed  in  th e  low  ex 
c h a n g e  region, i.e. a t  te m p e ra tu re s  below th e  coalescence  p o in t, T c. T he ra te  
c o n s ta n ts , k Aв, w ere o b ta in e d  from  the  co m p le te  lin e -sh ap e  analysis o f th e  
sp e c tra . T he ab so rp tio n  lin e -sh a p e , S(w), w as c a lc u la te d  from  th e  follow ing 
E q . (10):

S M  =  К — i C t 2 p Ap B -  < p AocB +  P b * a ) 

P a  P b  —  * 2 a A a B

w h ere  I m s tands for th e  im a g in a ry  p a r t

i(w A — w)«А

a R =  —

t  = P a

i(w  в — tv) 

P b

1 Р в

T 2  A X

1 +  P A

^ 2  В X

kB A ‘ A B

p A and  p B are th e  o b se rv e d  popu la tions o f  A  a n d  В form s,
w A and  Wq are  th e  re so n an ce  frequencies, o f  lin es  A an d  B , re sp ec tiv e ly ,

Acta Chim. Acad. Sei. Hung. 102, 1979



SZALONTAI, VASS: CARBON-13 DYNAMIC NMR STUDY 419

Table II

Calculated activation free energy values o f  compounds I — VII and X I—XV

Compound n, T(K) AGJlB  keal/mol AGáB  keal/mol

M onochloroacetyl derivatives (R , C1I2C1)

I n-butyl 324 00 H- © * * 0.40
и sec-butyl 323 18.1 ± 0 .1 5 0.40

h i n-propyl 335 18.6 ± 0 .1 5 0.45
IV isopropyl 335 18.15 ±  0.15 0.45

V m ethoxy-n-propyl 333 18.6 ± 0 .1 5 0.45

VI benzyl 333 18.5 ± 0 .1 5 0.15
VII c. hexyl 334 17.85 ±  0.15 0.15

Dichloroacetyl derivatives (R , =  CIIC12)

XI n-butyl 316 18.5 ± 0 .1 5 0.45
XII sec-butyl 317 18.3 ± 0 .1 5 0.40

XIII n-propyl 331 18.4 ± 0 .1 5 0.60
XIV isopropyl 332 18.1 ± 0 .1 5 0.60

XV benzyl 316 18.2 ± 0 .1 5 0.30

* Calculated from the following equation:

Ж & в=  - Я Г  In ^5- [11]
P a

** Accuracy obtained by taking into account the error of temperature m easurem ent 
(± 1 -5  °C) and a ± 10%  standard deviation of the кдв values [11]

T 2a an d  T 2b are th e  tra n sv e rse  re la x a tio n  tim es o f th e  se lec ted  A  a n d  В 
lines, co n trib u tio n s  from  fie ld -in h o m o g en e ity  are also in c lu d ed  in  th ese  
te rm s.

T h e  re la x a tio n  tim es w ere ca lc u la ted  from  th e  w id th s  a t  h a lf  h e ig h t, W 1/2, of 
th e  n o t exchange b ro ad en ed  N M R  lines. T he C -l carbons u su a lly  m ee t th is  
re q u ire m e n t. In  th e  absence o f ex ch an g e , th e  line  w id th s  are  u su a lly  d o m in a te d  
b y  th e  L o ren tz ian  fie ld -in h o m o g en e ity  b ro ad en in g .

F o r ca lcu la tio n  o f th e  th e o re tic a l lin e -sh ap e , we used  th e  c o m p u te r  
p ro g ram  o f B i n c h  [10a], co m p le ted  w ith  a n  i te ra t io n  process to  o p tim iz e  th e  
T va lu es  in  a m ore accu ra te  w ay . T h e  fo llow ing fo rm ula  was em p lo y ed  to  ca l
cu la te  th e  d ifference, D eff., be tw een  th e  th e o re tic a l an d  ex p e rim en ta l lin e  shapes

N

(Уса1с. У t \ p.)2
i - 1

N
D elf.
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w h ere  y c aci. an d  у  ex p. a re  th e  o rd inates o f  th e  th e o re tic a l an d  e x p e rim e n ta l 
S(w ) fu n c tio n s , re sp ec tiv e ly ,

N  is th e  n u m b er o f  d a ta  points.
I n  th e  i te ra tio n  process, d iffe re n t t  values w ere  se lec ted  to  o b ta in  T opt im a b  i.e. 
th e  x  v a lu e  th a t  affords th e  sm alle st -Deff.. C onsidering  th e  f in a l S(ie)caic. fu n c tio n  
re s u ltin g  from  th e  т  o p tim a l v a lue , th e  y Calc. — y exp . differences w ere less th a n  
5 %  o f th e  to ta l  line h e ig h t in  th e  region s tu d ie d .

W ith  th e  help  o f  r a te  c o n s ta n ts  o b ta in e d  fro m  Topt. values, th e  a c tiv a tio n  
free  energ ies of th e  e x ch an g e  process A В w ere  ca lcu la ted  b y  m eans o f th e  
E y r in g  eq u a tio n  [11]. T h e  zJGab and zIGab v a lu e s  o b ta in e d , are  g iven in  T ab le  
I I .

T h e  d a ta  of T ab le  I I  p e rm it the  fo llow ing conclusions.
— N o rem ark ab le  s u b s ti tu e n t  effect h a s  b e e n  observed  on th e  ca rb o n y l 

side b e tw een  th e  m o n och lo ro - and  th e  d ic h lo ro a c e ty l d eriv a tiv es , in d ic a tin g  
t h a t  th e  in d u c tiv e  d e s ta b iliz a tio n  of th e  t r a n s i t io n  s ta te  is n o t s ig n ifican t.

— A n expec ted  s u b s t i tu e n t  effect on th e  n itro g e n  a to m  was t h a t  caused  
b y  th e  d iffe ren t e lec tro n ic  p ro p ertie s  of s u b s ti tu e n ts  R 2. T he a lk y la tio n  o f th e  
n itro g e n  a to m  m u st e x e r t  an  effect sim ilar to  t h a t  o f  th e  carbony l a to m  [11a]. 
T h e re fo re , a decrease o f  b a rrie rs  w as e x p e c te d  in  th e  o rder o f C H 3C H 2-, 
(C H 3)2C H -, (CH3)3C. H o w ev e r, th e  observed  decrease  of b a rrie rs  in  th e  case of 
iso p ro p y l an d  sec-bu ty l d e r iv a tiv e s  v aried  b e tw e e n  0.2 — 0.6 kcal/m ol, i.e . th e y  
w ere  co n sid e rab ly  sm a lle r  th a n  th e  values e s t im a te d  on th e  basis o f l i te ra tu re  
d a ta  [ H a ] .

H ow ever, k eep in g  in  m in d  th e  u n u su a l b e h a v io u r  of th e  C-3 ca rb o n y l 
lin e s  o f  th e se  d e riv a tiv e s , i t  is reasonable  to  a ssu m e  th a t  th e  increased  ste ric  
h in d ra n c e  p a r tly  co m p e n sa te s  th e  ground  s ta te  d e s tab iliz a tio n  effect o f  th ese  
s u b s ti tu e n ts .

— T he above s te r ic  h in d ran ce  becam e  p re d o m in a n t in  com pounds 
V I I I— X  an d  XVI, th e re fo re , o n ly  one isom er co u ld  b e  observed  in  th e se  m ol
ecules.

*

We wish to thank L . P a rra g h  for preparing the modified version of the Binch 
computer program and for his helpful assistance.
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The u p ta k e  o f magnesium b y  synthetic  and natural calcium  hydroxylapatite is 
found to (i) increase w ith  increasing Mg2+ ion concentration (it) decrease w ith increasing  
particle size o f calcium  hydroxylapatite, (iit)  decrease w ith  increasing pH  in the range 
5.0 to 8.0 o f the m edium  of exchange, and (iv ) increase w ith  increasing period of equili
bration. A dsorption of Mg2 + and its  accom panying diffusion into the interior of the  
crystals explain  th e  mechanism o f exchange. The solubilities o f solid solutions o f cal
cium - m agnesium  hydroxylapatites determ ined in the pH  range 5.0 8.0 decrease w ith
increase in pH  o f  the dissolving m edium . This is due to dissolved phosphate ions, func
tioning as proton acceptors and undergoing hydrolysis in aqueous media.

Calcium h y d ro x y la p a tite  (C aH A ), C a10(PO 4)6(O H )2 is th e  p rim a ry  c ry s ta l
line  inorganic co m p o n e n t of the  h u m a n  sk e le ta l sy s tem  [1, 2 ] a m o u n tin g  to  
a b o u t 40 \v t.% . I t  is isom orphous w ith  th e  n a tu ra l ly  occu rrin g  m inera l know n 
as f lu o ra p a tite , C a10(P O 1)e(F)2(F ap). I t  undergoes a series o f ca tio n ic  an d  anionic 
exch an g e  reac tions w h ich  are of b io logical an d  p hysicochem ical sign ificance. 
T he O H ” —* F ~  s u b s ti tu t io n  is th e  basis  for th e  p ro p h y la c tic  ac tio n  of flu o rin e  
a g a in s t den ta l ca rie s . E n v iro n m e n ta l p o llu tio n  d u e  to  som e poisonous d iv a len t 
c a tio n s  is increasing  in  recen t tim es. D iv a le n t ca tio n s  from  th e  en v iro n m en ts  
a re  in co rp o ra ted  in to  th e  hum an  sk e le ta l sy s tem  lead in g  to  po ison ing  an d  th e  
conseq u en t m e tab o lic  effect. The p ro b lem  o f in c o rp o ra tio n  o f Ca2 + , M n2 + , Mg2 + , 
Z n 2 + , F e + 2 or Cu2+ (ca tio n s whose ion ic  rad ii a re  sm alle r th a n  th a t  o f calcium ) 
in to  th e  hum an  sk e le ta l system  h as  n o t been  th o ro u g h ly  in v es tig a ted  as is 
e v id e n t from  th e  l i te r a tu r e  and  hence  th e  p re se n t w ork  has been u n d e rta k e n . 
T h e  rep lacem en t o f  C a2+ for Mg2+ re su lts  in  th e  fo rm a tio n  o f  solid so lu tions o f 
ca lc ium  m agnesium  h y d ro x y la p a tite  a n d  m agnesium  h y d ro x y la p a tite ,

* To whom correspondence is to be addressed
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Mgio(P04)e(OH)2, w hich is a p ro d u c t o b ta in ed  b y  com plete  re p la c e m en t of 
c a lc iu m  b y  m agnesium  acco rd in g  to  th e  follow ing eq u a tio n

C a10_ n(PO 4)6(O H )2 +  n M g 2+ -  Ca10_„M gn(PO 4)e(O H )2 +  n C a 2+

T h e  io n ic  ra d ii [3] of Ca2 + (0 .99 Á) a n d  M g2 + (0.65 Á) are close en o u g h  to  one 
a n o th e r  so th a t  i t  w ould n o t be  su rp ris in g  i f  so lid  so lu tions could  be fo rm ed  
b e tw e e n  isom orphous su b s ta n c e s  c o n ta in in g  th ese  ions.

T h e  p resen t co m m u n ica tio n  dea ls  w ith  in v es tig a tio n s  on th e  d ependence  
o f m a g n e s iu m  u p tak e  b y  C aH A  a n d  th e  effect of in co rp o ra tio n  on th e  so lu b ility  
o f th e  b o n e  m ineral. In  a d d itio n , th e  s tu d ie s  w ere ex ten d ed  to  n a tu ra l  h y d ro x y l- 
a p a t i te  o b ta in e d  from  h u m a n  b o n e  a n d  te e th .

E xperim en ta l

The details of preparation and identification of CaHA, MgHA and a series of their solid 
solutions were reported elsewhere [4, 5]. The natural sample was obtained by heating adult 
human bone and teeth to 900 °C in a Mufile Furnace for ~ 2 4  hrs to remove volatile constit
uents. The resulting brittle lumps were powdered and sieved to the required particle size. 
Chemical compositions (calcium and phosphorus) of these samples were determined by a com- 
plexom etric procedure.

The dependence of magnesium uptake by calcium hydroxylapatite (synthetic and nat
ural) on factors like
(i) pH  in  the physiologically important range of 5.0 to 8.0,
(ii)  concentration of Mg2 + ions in the range between 0.01АГ to 0.1M M g(N 03)2,
( i i i )  particle size between 60 mesh to 35 mesh (BSS), were thoroughly investigated and
(io) the period of euilibration required for the attainment of saturation of exchange was deter

m ined through kinetic studies.
Glass containers were found to be unsuitable for the samples due to interference by the dissolu
tion o f their ingredients. Potassium hydrogen phthalate — sodium hydroxide and sodium 
diethyl barbiturate — hydrochloric acid were used as buffer combinations for the medium of 
equilibration. The pH was measured with a line operated Beckman Zeromatic pH meter before 
and after equilibration to ascertain its constancy.

The buffer solutions were prepared in a 0.165Д/ solution of sodium chloride as solvent 
to sim ulate the biological conditions and to maintain the activity coefficients of the dissolving 
species o f apatites effectively constant. 0.2 g of 200 mesh (BSS) CaHA (synthetic and natural) 
was equilibrated at the physiologically important temperature of 37 - 0.5 °C w ith a solution 
of 100 cm 3 of Mg(N03)2 (AR) by shaking mechanically in air-tight polyethylene containers, 
changing the factors effecting the uptake under investigation each time, while the other factors 
were kept constant. In another experim ent carried out to differentiate the steps of the ex
change process, the reaction mixture was refluxed at 100 °C under a given set of experimental 
conditions. A t the end of the desired period of equilibration, the contents were filtered through 
an IG4 crucible. The residue was washed thoroughly with redistilled water until it  was free of 
adsorbed Mg2+ and the calcium and magnesium content of the residue was determined.

The knowledge of the solubility of hydroxylapatite is of extensive importance for the 
physiology of bone from the point o f view of calcification and resorption. In addition, consider
ations o f the occurrence of dental caries and the protective action of fluorine are based on in
form ation about the solubility of hydroxylapatites. Such solubility studies have additional 
u tility  in soil chemistry to account for the action of phosphate containing fertilizers. The solu
bility studies were based exclusively on the microanalytical determination of phosphate [6, 7] 
in solutions of the samples. The apatites are colloidally dispersed in their aqueous solutions 
due to their low solubilities and minute particle size. To test for efficient separation of the col
loidal component, suspensions of a series o f saturated CaHA systems were filtered through an 
IG4 sintered glass crucible (particle size retention, 5 — 10 p.) and phosphorus contents of the
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filtrates compared w ith  those of the corresponding filtrates obtained through a millipore filter  
(Pore size ^ЛО m/i) f it te d  to a filter holder attached to a hypoderm ic syringe. T he phosphorus 
contents o f the two filtra tes  were equal w ith in  the lim its o f experim ental error ( ±  0.02 wt.% ). 
E xtraneous ions d issolved due to the m om entary contact o f  colloidal suspensions w ith  the glass 
crucibles were found to  be too low to affect the accuracy of subsequent analyses. Each system  
shaken m echanically a t a regulated speed w as set up by adding 0.2 g o f  200 m esh (BSS) solute 
to 100 cm 3 of the buffer solution prepared in C 0 2-free redistilled water. The system s were placed  
in  air-tight polyethylene containers to exclude the presence o f carbon dioxide to  avoid changes 
in  the pH  of the d issolv ing medium and to  prevent the form ation of carbonate-apatite. The 
assem bly was kept in a therm ally insu lated  cabin m aintained at 37 ±  0.5 °C to sim ulate  
biological conditions. T he period of equilibration required for the atta inm ent o f saturation was 
determ ined through d issolution  kinetics as described earlier [8] and m aintained at 3 hrs for 
all the system s. A few  m l each of chloroform and toluene were added to the stock solution as 
well as to the system s to elim inate bacterial growth. The system s were separately filtered through 
an IG4 crucible and the phosphate content in  the filtrate was determ ined com plexom etrically

R esults an d  D iscussion

T he resu lts  on  m agnesium  u p ta k e  b y  C aH A  (sy n th e tic  an d  n a tu ra l)  are 
rep re sen ted  in  F ig . 1. T he u p tak e  o f  M g2+ b y  C aH A  w as fo u n d  to  (i) decrease 
w ith  increasing p H  o f th e  m edium  o f eq u ilib ra tio n  in  th e  physio log ica lly  im 
p o r ta n t  range o f  5 .0  to  8.0, (ii) in c rea se  w ith  in c reasin g  p a r tic le  size o f C aH A . 
T h e  u p ta k e  of Mg2+ w as found to  be v e ry  ra p id  w ith in  th e  f i r s t  60 m in  (7.2 w t.%  
fo r sy n th e tic  an d  4 .9  w t.%  for n a tu ra l)  an d  rem a in ed  a lm o st c o n s ta n t (Fig. la ) .  
T h e  u p ta k e  was fo u n d  to  decrease from  15.16 w t.%  to  12.30 w t.%  w ith  sy n th e t
ic a n d  from  12.24 w t .%  to  10.16 w t .%  w ith  n a tu ra l  C aH A  w h en  th e  p H  w as 
decreased  from  8.0 to  5.0  (Fig. lb ) . I t  w as also a lin e a r  fu n c tio n  fro m  6.0 w t.%  
to  15.4 w t.%  fo r s y n th e tic  and from  3.6 w t.%  to  11.4 w t.%  fo r n a tu ra l  as th e  
co n cen tra tio n  o f M g (N 0 3)2 m edium  increased  from  0.01 M  to  0.1 M  (F ig . lc ) . 
F ig u re  Id  shows t h a t  th e  u p tak e  u n d e r  a given se t o f e x p e rim e n ta l cond itions 
in c reases  from  16.4 w t .%  to  23.2 w t .%  w ith  sy n th e tic  an d  fro m  11.4 w t.%  to  
16.6 w t.%  w ith  n a tu ra l  CaHA, w hen  th e  m ean  rad iu s  o f th e  p a r tic le  decreases 
from  350 pnl to  60 p m . T he resu lts o f  tw o  ex p e rim en ts , one a t  35 °C an d  a n o th e r 
a t  100 °C, are re p re se n te d  in  (F ig. l a ) ;  i t  w as fo u n d  th a t  th e  u p ta k e  o f Mg2 + 
increases and reach es a m axim um  o f 7.2 w t.%  a t  60 m in  an d  th e re a f te r  rem ains 
c o n s ta n t p ro b ab ly  d u e  to  th e  a d so rp tio n  o f Mg2+ on th e  su rface  o f CaH A  
c ry s ta ls  in  th e  f i r s t  case  and  in  second case i t  reaches u p  to  10.5 w t.%  o f CaH A  
a t  100 °C w ith in  60 m in  and  th e re a f te r  rem ain s c o n s ta n t. T h is  can  be due to  
th e  su b seq u en t d iffu sio n  of adso rbed  M g2+ in to  th e  in te r io r  o f th e  c ry s ta l l a t 
tic e . T h u s  th e  u p ta k e  o f  Mg2+ b y  C aH A  a t  low er te m p e ra tu re s  is governed  b y  
a d so rp tio n , w hile a t  h ig h er te m p e ra tu re s  th e  p rocess is ad so rp tio n -d iffu sio n  
co n tro lled .

T he effect o f  in co rp o ra tio n  o f  m agnesium  on th e  so lu b ility  o f  th e  bone 
m in e ra l is re p re se n te d  in  Fig. 2. T h e  d ependence  o f so lu b ility  on (i) th e  p H  of 
th e  m edium  of e q u ilib ra tio n  in  th e  physio lo g ica lly  im p o r ta n t  ran g e  o f 5.0 to
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Period of equilibration (hrs) pH of the medium of equilibration

£

100 200 300

Mean radius of the pa r t i c l e s  (urn) 

Fig. 1. U p take o f m agnesium b y  CaHA

Magnesium content (mol %) pH of the medium

F ig . 2. pH  dependence of the solubility o f Ca —M gHA
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8.0 an d  (ii) th e  m ag n esiu m  co n ten t in  th e  sam ple a t  a g iven  p H  w as in v e s ti
g a te d . I t  was observed  t h a t  (i) th e  so lu b ility  o f  a g iven  sam p le  decreases w ith  
in c reasin g  pH  of th e  d isso lv ing  m ed iu m  (Fig. 2b), w h ich  is d u e  to  th e  p ro to n a 
tio n  o f  P 0 43 - in  th e  d isso lv ing  m edium  [7], and  (i i ) a t  a g iven  p H  th e  so lu b ility  
increases  w ith  th e  m agnesium  c o n te n t in  th e  so lid  so lu tio n  (F ig . 2a). This 
o b se rv a tio n  can be e x p la in e d  on th e  b as is  o f (i) th e  com m on  io n  e ffec t app lied  
to  so lu b ility  p ro d u c ts  o f  th e  solid so lu tio n s accord ing  to  Milhofer  [9], and  (ii) 
due to  th e  fo rm atio n  o f  co v a len t b o n d s  on th e  in tro d u c tio n  o f  M g2+ in  CaHA 
[10]. T h is explains th e  ro le of in c o rp o ra tio n  o f Mg2+ in  th e  so lu b ility  o f th e  
bone  m inera l.

*

One of the authors (P N P ) thanks U n iversity  Grants Com m ission for a research grant.
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C. P . S l i c h t e r : P rinc ip les o f  M agnetic Resonance  

Springer V erlag , B erlin , 1978

S p ringer V erlag h a v e  s ta r te d  a new  series, e d ited  b y  M. Ca rd o n a , P . F u l d e  a n d  J . H. 
Qu e is s e r , on th e  to p ic  o f “ S o lid -sta te  Sciences” . T h e  f ir s t  vo lum e o f th is  series, P rinc ip les of 
M agnetic  R esonance, w as w r i t te n  by  С. P . Sl ic h t e r , Professo r o f Physics o f  U rb a n a  U niversity . 
T h e  book  is a second e d itio n  o f th e  original w o rk ; ex ten d ed , rev ised  a n d  e n ric h ed  in  con ten ts. 
T he pu b lish ers released th is  vo lum e w ith  th e  follow ing rem ark s:

“ A  handbook  fo r p h y sic is ts , chem ists a n d  ap p lied  sc ien tists  w ish ing  to  le a rn  nuclear 
m ag n e tic  o r e lectron  sp in  re so n an ce ; its  aim  b e in g  to  e lu c id a te  th e  physics o f m a g n e tic  resonance 
a n d  to  p ro v id e  skill in a ll b a s ic  th eo re tical m e th o d s  necessary  fo r read in g  sc ien tific  p ap ers ; the  
em p h asis is la id  upon  th e  d e p th  of u n d e rs tan d in g  in  th e  m o st im p o r ta n t to p ic s , n o t  covering 
all p h en o m en a  connected  to  m ag n e tic  re so n an ce .”

T h e  new  ed ition  realizes th e  above a im s in  11 ch ap te rs  on  397 pages, w i th  115 figures. 
T h e  vo lu m e is com pleted  w ith  7 appendices, re ferences, a u th o r  a n d  su b jec t in d ex es . T h e  readers 
a re  g u id ed  b y  selected re fe ren ces which also co v er a reas b e y o n d  th e  scope o f th e  vo lum e. In  a 
se p a ra te  c h ap te r  of P ro b lem s readers m ay  ch eck  if  th e y  s tu d ied  th e  book  o f С. P . Slich ter  
w ith  a p p ro p ria te  a tte n tio n .

In  com parison w ith  th e  previous ed itio n , th e  vo lu m e has been  su p p le m e n ted  w ith  th ree  
new  c h ap te rs  on spin te m p e ra tu re , double re so n an ce  m eth o d s a n d  sp in -f lip  n a rro w in g , well 
illu s tra tin g  th e  topics d ev elo p ed  afte r th e  p u b lic a tio n  of th e  f ir s t  ed ition  a n d  b e in g  of key  im 
p o rtan c e  in  th e  in v es tig a tio n  o f solids by  m ea n s  o f m ag n e tic  resonance  m eth o d s .

I n  th e  f irs t c h a p te r  (e lem ents of re so n an ce ) th e  fu n d a m e n ta l p rin c ip les  o f energy  ab 
so rp tio n  a n d  sp in - la tt ic e  re la x a tio n  are ex p la in ed . T he second c h a p te r  c o n ta in s  th e  classical 
a n d  q u a n tu m  m echanical desc rip tio n  of th e  m o tio n  o f n o n -in te rac tin g  sp ins in  c o n s ta n t  and 
a lte rn a tin g  m agnetic  fie ld s , th e  Bloch eq u a tio n s  a n d  th e ir  so lu tions, th e  in te rp re ta t io n  of spin- 
echo, a n d  fin a lly  th e  re la tio n sh ip s  betw een th e  response  fu n c tio n s o f sp in  sy s tem s on  continuous 
a n d  pu lsed  excitation .

T h e  to p ic  o f th e  th ir d  c h ap te r  is th e  V a n  V leck th e o ry  of d ip o le -d ip o le  in te rac tio n  of 
m ag n e tic  m om ents a rra n g e d  in  rigid la ttic e , w hereas c h a p te r  4 deals w ith  th e  m ag n e tic  in te r
ac tio n  o f e lectrons an d  n ucle i along w ith  i ts  consequences on  th e  sh ift a n d  b ro a d en in g  of the  
reso n an ce  lines.

C h ap te r 5 is co n ce rn ed  w ith  sp in - la ttic e  re la x a tio n , th e  narro w in g  o f re so n an ce  signals 
due  to  m olecu lar m o tio n s, th e  B lo ch -W an g sn ess-R ed fied  th eo ry  of re la x a tio n  a n d  w ith  the  
nucleu s-sp in  re lax a tio n  o f m eta ls .

T h e  p a r t  of C h ap te r  6  dealing  w ith  sp in  te m p e ra tu re s  covers an  a rea  re la tiv e ly  unknow n 
in  H u n g a rian  lite ra tu re . I t  p ro v es  th e  v a lid ity  o f  th e  R edfied  hyp o th esis  in d e ta il a n d  describes 
som e ap p lica tio n  possib ilities o f th e  concept o f  sp in  tem p e ra tu re .

“ W hy to  app ly  d o u b le  resonance?”  — begins th e  a u th o r  in C h ap te r 7, th e n  in tro d u c in g  
th e  re ad e r  in to  the  E N D O R  (E lectro n  N u c lea r D ouble  R esonance) m e th o d , th e  O verhauser 
e ffect, th e  H ah n  co n d ition  a n d  th e  th ree-leve l m aser o f B loem bergen.

T h e  sub ject o f C h a p te r  8  can  be re g ard e d  as a  m ethodo log ical rev o lu tio n , since th e  pulse 
co m b in a tio n s discussed h e re  opened th e  w a y  to w a rd s  th e  h ig h -reso lu tion  n u c le a r  m agnetic  
reso n an ce  spectroscopy  o f solids.

C h ap te r 9  deals w ith  th e  in te rac tio n  o f th e  e lectric  q u ad ru p o le  m o m e n t o f  nuc le i w ith  
th e  g ra d ie n t o f e lectric  f ie ld , a n d  w ith  its  consequences. U n fo rtu n a te ly  th e  l a t t e r  su b jec t is 
d iscussed  cursorily  on ly , lik e  in  th e  firs t ed itio n .

A s to  electron  sp in  reso n an ce , some m e n tio n  has so fa r  been  m ade  o f i t  in  th e  discussion 
o f  e lec tro n -n u c leu s in te rac tio n s . C hapter 1 0  is d e v o te d  to  th is  to p ic ; th e  s p in -o rb i t  in te rac tio n ,
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crysta l fie ld s and hyperfine structure are briefly discussed, and the chapter is closed b y  the  
d iscussion  o f  V/t centre.

Chapter 11 is a single H am ilton ian , w ith  all terms necessary for understanding m agnetic  
resonance, th is colourful class o f  phenom ena.

T he m erits o f this vo lum e can  be described in superlatives only. For the review er the  
m o st a ttra ctiv e  feature was th e  dem anding physicists’s a ttitu d e , also supported b y  precise 
m eth o d o lo g y , which stem s from  th e  direct research experience and education carreer of the  
author.

A fter  the perusal o f the b ook , th e  reader m ay well feel th a t  he has becom e acquainted  
n o t o n ly  w ith  a technique, w ith  th e  m eth od  of m agnetic resonance, bu t also w ith  the classical 
and q u an tu m  mechanical description  o f  the behaviour of a set o f  elem entary m agnetic m om ents.

T he attractive appearance o f  th e  book is in full harm ony w ith  its contents.
K . T ompa

A d va n ces  in  Polymer Science  (F o rtsc h ritte  d e r H o ch p o ly m eren -F o rsch u n g )
Vol. 28

Springer Verlag, B erlin  — H eidelberg—N ew  Y ork, 1978, 157 pages

T h e  volum e co n ta in s  th e  fo llow ing review  a rtic le s : Y .  Y a m a s i t a : R andom  
a n d  block copolymers by r ing -open ing  polym eriza tion  (46 pages, in  E ng lish , w ith  
6 f ig u re s , 3 tab les an d  412 (!) references).

T he preparation of block and  graft copolymers b y  ring-opening polym erization is a 
v ery  in teresting  method for the syn th esis  o f tailor-made polym ers. In addition to the anionic 
liv in g  polym erization of v in y l m onom ers, various types o f new  block and graft copolym ers 
could  b e  synthesized by ring-opening polym erization. E specia lly  usefu l are the specific proper
ties o f  heterochain polymers, w h ich  are not found in v inyl polym ers.

O w ing to the great d ifferences in  the properties o f  v in y l and heterochain polym ers, 
copolym erization  of a vinyl and a cy c lic  monomer is very in teresting. H owever, relatively  little  
su ccess h as been achieved in th e  preparation  of such random  copolym ers, because the reactiv i
ties o f  v in y l and cyclic m onom ers are very  different.

S tu d ies on the m echanism  o f  ring-opening polym erization have led to suitable control 
o f  th e  process, resulting in  desirable products; yet m any problem s have rem ained unsolved  
and ex ten siv e  studies on ring-opening copolym erization are still required. I t  is worht m ention
in g  th a t  tw o  works of H ungarian authors, K e l e n  and T ü d ő s , are also cited in the paper.

H . S u m it o m o  and  M. O k a d a : R ing-opening p o lym eriza tio n  o f  bicyclic acetals, 
bicyclic lactones and bicyclic lactam s  

(36 pages, in  E n g lish , w ith  11 figures, 12 ta b le s  a n d  70 references).

Ring-opening hom opolym erization  is playing an im portant part in the synthesis o f  
polysaccharides and in the e lu cid ation  o f their biomedial characteristics in relation to their  
m olecu lar structures.

T he reaction m echanism  o f polym erization , the structures and properties o f 6,8-dioxa- 
b icyclo [3 .2 .1 ]octan e  (DBO ); 6 ,8-d ioxa-b icyclo[3 .2 .1]oct-3-ene (D B O E ); 6,8-dioxabicyclo- 
[3 .2 .1 ]-octan -7-one (DBOO); 8-oxa-6-azab icyclo[3 .2 .1]octan-7-one (BO L) and sim ilar hetero- 
b icy c lic  com pounds are described. Cyclic acetals can be polym erized only b y  cationic initiators; 
la cto n es undergo polym erization b o th  on cationic and anionic initiation.

Polysaccharide analogues can  be prepared from D B O  and D B O E . N ew  typ e  o f m acro- 
cy clic  oligoesters are obtainable from  DBOO in high yields. B O L  yields a new hygroscopic  
polyam id e membrane of high m olecular weight.
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J .  P . K e n n e d y  an d  P . D . T r i v e d i : C ationic o lefin  po lym eriza tion  using  a lkyl 
halide a lky la lu m in iu m  in itia to r  system s (68 pages, in  E n g lish )

1. R eactivity  studies  (w ith  4 f ig u res , 8 ta b le s , an d  41 refe rences)
2. M olecular weight studies (w ith  17 fig u res , 8 ta b le s  an d  45 references)

Isobutylene polym erization is described w hich has been carried out using t-B u X  initia
tors, Me3A lX  and EtAlCl2 co-initiators, M eX  (X  =  Cl, Br, I) and n-pentane so lvents at different 
tem peratures from - 25° to 100 °C. The effect o f these on the polym erization rate, poly
isobutylene yield, m olecular w eight and m olecular w eight distribution (M W D) have  been deter
m ined. The reactiv ity  series o f  initiators h ave been established and the effects o f solvents 
evaluated. I t  has been found that the in itia tion  consists o f four steps: com plexation , displace
m ent, ionization and actual initiation. T he in itiator reactiv ity  order is shown to  change de
pending on whether displacem ent or ionization  is the rate controlling step.

The molecular w eights were determ ined by GPC and viscosim etry. T he influence of 
m onom er concentration on M n and M v o f th e  resulting polym er was analyzed b y  M ayo plots 
and the relative rate constants were calculated . A  large am ount o f  data on M n, jV/w, MW D as 
w ell as M v and /1IÍMV (activation  energy o f v iscosity  average m olecular w eight: M v) have been 
established. E xam ination of the Д Е м , data has shown that their values fall in to  three groups 
and these reflect three different m echanism s governing the m olecular weight: transfer to m ono
mer, a com bination of th is and term ination and finally on ly . Furtherm ore the effect o f  counter
anions and solvents on the m olecular w eight in  isobutylene polym erization is explained.

Of the reviewed articles, the paper b y  Sum itom o  and Ok a d a  is b y  far th e  best. This 
paper discusses the topic in a ligh t yet ex a ct sty le. This cannot be always experienced when 
reading the two other articles. In particular, the two com pilations o f K e n n e d y  and T r iv e d i 
are full o f contradictions, arbitrary statem ents and reiterations, not to m ention th e  m isprints 
w hich could have been elim inated by more careful proof reading.

To facilitate better use o f the scries, a cum ulative author index  to the volum es published  
so far (1 — 28) has been included in the present volum e. In  sum , the 28th volum e o f  “ Advances 
in  Polym er Science” contains three review s from  the field  o f polym er chem istry, w hich offer 
useful inform ation on the present state o f know ledge concerning the topics discussed.

I. GÉCZY

H . H . K a u s c h : P olym er Fracture  
Yol. 2 o f th e  series: Polym ers/P roperties and  A p p lica tio n s

Springer Verlag. Berlin —Heidelberg —N ew  Y ork, 1978,332 pages, 180 figures, 29 tables, 867
references

The second volum e o f the series “ Polym ers/Properties and A pplications” deals w ith  the 
“ kinetic theory” of fracturing processes, i.e. w ith  those physical and chem ical changes on the 
m olecular level, which lead to the m acroscopic deform ation and fracture of polym eric system s 
o f various supermolecular structures, w hen exposed to m echanical load.

The volum e contains 9 chapters.
After Chapter 1, setting  forth the subject o f the problem  and its m ode o f discussion, 

Chapter 2  deals w ith th e  elem ents constitu ting  the superm olecular structure o f solid polym ers, 
and their pattern of arrangem ent, to discuss then the deform ation of the com plex form s and 
the approxim ate m odels o f the deform ations.

Chapter 3 gives a survey on three conceptionally  different fracture theories, based on 
statistical, continuum -m echanical and process rate principles.

According to the m olecular theories, the m acroscopic fracturing process can often be 
traced back to the rupture o f the weakest prim ary bond of the polym er chain, therefore, Chapter 
4 gives a brief survey on quantum m echanical fundam entals for the interpretation  of the 
strength of the primary chem ical bond.
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Chapter 5 discusses m olecu lar changes in the polym er chain and m acroscopic changes 
o f  th e  polym eric system , caused b y  th e  action of various (punctiform , dynam ic, therm ic, etc.) 
load s.

G reatest attention is g iv en  in  the hook to the sphere o f problem s connected  w ith  the  
ru p tu re  o f the polymer m olecule b y  m echanical force, and w ith  the relationships betw een  
m acroscop ic  deformation and fracture (Chapters 6 —8).

A  brief summary w ith  sev era l data and exam ples o f application is given of the E SR  
tech n iq u e , used for the d etection  a n d  identification of free radicals form ed on chain rupture, 
o f  th e  m o st important reactions o f  th e  m echanically excited  radicals, and o f theories interpret
in g  th e  relationships o f chain ruptu re and the hom ogeneous deform ation and fracture o f vari
o u s ly  ordered high polymers. T he auth or attem pts to give a fu ll survey of th e  literature on th is  
to p ic  (220 references up to 1978).

T he last Chapter d iscusses th e  behaviour of the polym er chains in heterogeneous fractur
in g  processes.

T he book surveys all th eories w hich aim at explain ing the behaviour o f polym eric sys
te m s under extreme m echanical excita tion . W ithin this scope, it  deals preferentially w ith  
m o lecu la r  theories approaching th e  problem  non-m echanistically. I t  presents in this respect a 
c o m p lete , critical discussion o f  th e  su bject. Several practical exam ples and experim ents, serving  
as th e  basis or the confirm ation o f  fracture theories, are given.

M. I rin g
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Application of Zeolites in Catalysis
EDITED BY G. K. BORESKOV AND 
KH. M. MINACHEV

T he in c reasing ly  w id e-sp read  use o f  zeolites in  p e tro 
chem ical m an u fac tu rin g  processes m o tiv a tes  th e  g re a t 
to p ic a l in te re s t  in  th e  U S S R  A ll-U nion  C onference o n  
Z eolite C atalysis, w hich d e a lt  w ith  th e  m ost re c e n t r e 
su lts  in  th e  th e o ry  an d  a p p lic a tio n s  o f zeolites.
This book co n ta in s  th e  m a te r ia l  o f  e igh t lec tu res  d e liv 
e red  by  S ov ie t sc ien tists  on  to p ics  such  as th e  a c id ity  
o f zeolite  c a ta ly s ts , th e  tr a n s p o r t  o f  ca tio n s w ith in  
th em , fac to rs  affecting  th e  a c t iv i ty  a n d  se lec tiv ity  o f  
zeolites in  c rack ing  processes, th e  ro le o f tra n s it io n  m e
ta ls  p re se n t in  zeolite  c a ta ly s ts , an d  th e  spectroscop ic  
in v es tig a tio n  o f  such zeo lite s . F u r th e r  top ics  a re  th e  
diffusion processes in  zeo lite  ca ta ly s ts , an d  also  th e  
use o f  th ese  m a te ria ls  in  o rg an ic  syn theses.
T he book is an  in te re s tin g  su rv e y  o f  ad v an ced  S ov ie t 
research  in  th is  field.

I n  E n g lish  — 179 pages - 78 figu res  — 25 tab les  —  

17 x  25 cm  Cloth I S B N  963  05  1848 1

A K A D É M IA I K IA D Ó , B ud apest
P ub lish in g  H o u se  o f  the H u n g a r ia n  A cadem y o f  Scien ces



L. Pataki and E. Zapp

BASIC ANALYTICAL 
CHEMI STRY

The book consists of six comprehensive chapters. 
The first chapter deals with the theoretical p r in c ip le s  

of analytical chemistry, yet, beyond th is — supporting 
the reasonable approach and correct solution of prob
lems — it provides solid fundamentals to  chemistry in 
its entirety.
In the second chapter qualitative a n a ly s is  is treated on the 
basis of group reactions, thus instead of hundreds of 
reactions, detailed  descriptions o f 8 — 10 reaction types 
are given, providing a reliable survey of qualitative 
chemical analysis.
D ifferen t q u a n tita tiv e  m ethods are discussed in Chapter 3. 
The fourth chapter summarizes p h y s ic a l—chem ical 

m easuring tech n iqu es  of analytical chemistry.
In order to  give a complete survey o f the field, m ethods 

of separa tion  (Chapter 5) and the m a in  requirem ents in  

organic a n a ly s is  (Chapter 6) are also discussed.

I n  E n g lish  — A p p r o x . 400 p a g es  — 93  figu res  — 89  

tables -  C loth  -  I S B N  963 05  15 3 4  2

A K A D É M IA I K IA D Ó , B udapest P E R G A M O N  P R E S S , Oxford



ACTA C H IM IC A

ТОМ  1 0 2 - В Ы П . 4

РЕЗЮ М Е

Информационно-теоретический анализ нодальных свойств тс-молекулярных
орбиталей

Д . Б О Н Ч Е В , Г. Л И К О М А Н О В  и Н. Т Р И Н А Й С Т И Ч

Был разработан подход, основанный на информационной теории, отражающий 
основные особенности нодальных свойств л-молекулярных орбиталей. Было найдено, что 
в то время как фронтальные орбитали (HOMO и LUMO) обладают максимальным инфор
мационным содержанием, наинизшиезаполненные и наивысшие незаполненныемолекулар- 
ные орбитали (LOMO и HUMO) обладают минимальным содержанием. Были выведены 
уравнения, описывающие информацию относительно нодальных свойств полиенов и 
циклоенов. Исходя из этого, обсуждается возможное предсказание нодальных свойств 
л-МО.

Получение ScOOD с помощью гидротермического метода под давлением

А. Б У Р Е В И Ч  и С. З Е Л И Н С К И

Был разработан гидротермический метод под давлением с целью приготовления дей- 
тероперекиси скандия. Наиболее благоприятными параметрами оказались следующие: 
двление 30 атм., температура 90°С и время 150 часов. Изотопно и структурно чистый 
ScOOD был послучен с помощью данного метода, исходя из металлического скандия и от
деляя первую фракцию ортодейтероокиси скандия в количестве 2 0 % веса.

Кальцинирование Sc(O D )3 в интервале температур 20 500°С, однако, не приводит 
к образованию чистого ScOOD.

Идентификация образцов производилась с помощью химического анализа, рентге
нографического и спектроскопического исследований.

Исследование гелей поливинилового спирта с водородными мостиками, II

Механические свойства гелей

Й. Д Ь Ё Р Д И -Э Д Е Л Е Н И  и М. Н А Д Ь

Термически нестабильные гидрогели поливинилового спирта (ПВС) были приго
товлены и исследованы с целью получения сведений относительно структурных различий 
гелей, используя измерения растворимости и механических свойств. Были произведены 
измерения однонаправленной компрессии на физических гелях ПВС. Экспериментальные 
результаты подтверждают справедливость теории резиноэластичной сшивки полимеров, 
принимающей во внимание медленное скольжение узлов под влиянием механического 
нажима.

Влияние условий гелеобразования и обмена растворителя на структуру геля являет
ся очевидным из констант С, пропорциональных модулю эластичности.

Сравненир результатов растворимости и механических измерений позволяет за
ключить, что начальное уменьшение модуля термически обработанных гелей является 
результатом структурных перегруппировок. Наблюдаемое плато и последующее умень
шение модуля объясняется ступенчатым разрывом структуры, что вызывает уменьшение 
числа элластично эффективных цепей лишь при температурах выше 335°К.

Эти результаты находятся в согласии с нашими первичными заключениями относи
тельно приблизительного спектра энергий связи в этих гелях.



Определение погрешности на основе общего принципа процессов рассеивания 
в некоторых случаях стационарной теплопроводности

А. Д А Н Ч О

Рассматриваются неопределенные вариационные проблемы стацинарной теплопро
водности без источника и погрешности в случае сферической и цилиндрической симметрии 
на основе общего принципа процессов рассеивания, предложенного Дьярмати.

Полимеризация в жидких кристаллах, V

Синтез материалов в жидком кристаллическом состоянии, способных к
полимеризации

К . Н И Т Р А И , Ф . Ч Е Р  и Д Ь . Х А Р Д И

Были получены некоторые л-алкильные и л-алкоксильные замещенные л’-акрилил- 
окси азо- или азоксибензолов и холестерил-виниловые смешанные эфиры дикарбоксильных 
кислот. Немногие из них обладают жидким кристаллическим состоянием также. Единич
ные ячейки этих соединений, определенные с помощью дифрактограмм порошков, указыва
ют на то, что некоторые из азо- и азоксимономеров, а также все производные холестерина 
образуют слоистоподобную решетку. Все мономеры могут быть превращены в полимеры с 
заметными осветлительными точками с помощью иницирования соответствующих перокси
дов как  в изотропной, так и в мезоморфной массе.

Некоторые химические реакции в электродной щели и их роль в 
спектрохимическом анализе, XXXIII

Поведение окислов металлов в дуге. Влияние примеси кислорода в аргоне, 
носитель электрода как реакционный партнер и разложение окислов 

металло в под влиянием дуги

3 . Л .  С А Б О  и Е . Б Е Р Т А Л А Н

Экспериментально было установлено, что примесь кислорода в газовой атмосфере 
аргона, реагируя в оболочке плазмы, влияет на отношение окисей углерода, образующихся 
в реакциях внутри материала электрода. Небольшие количества примеси, однако, едва 
влияют на интенсивность полос спектра, несмотря на значительные эффекты и процессы. 
Углерод, используемый в качестве носителя электрода, вступает в реакцию с окислами ме
таллов, заполняющими каналы. На электроде дуги и на пятне горения, образующемся на 
материале, заполняющем электрод, а такж е в его окрестностях наряду с непосредствен
ным углеродным восстановлением протекает спонтанное термическое разложение окислов 
металлов. В таком случае выделяется кислород, который способен к  дальнейшим реакциям.



Некоторые химические реакции в электродной щели и их роль в 
спектрохимическом анализе, XXXIV

Поведение окислов металлов в дуге. Средняя температура электродов
и химические реакции

3 . Л . СА БО  и Е . Б Е Р Т А Л А Н

Иемерения температуры дуги, сравненные с газовоаналитическими измерениями, 
свидетельствует о том, что температура электрода и протекающие химические реакции свя
заны друг с другом. В случае порошковых смесей СиО +  С при анодном возбуждении об
разца температура электрода увеличивается пропорционально интенсивности реакции. Из 
исследований, проведенных в зависимости от силы тока, вытекает, что температуру элек
трода, в основном, определяет сила тока дуги. Тепловая энергия, освобождающаяся при ре
акции вещества, заполняющего каналы электрода, модифицирует эту температуру и, таким 
образом, оказывает влияние и на испарение образца.

Некоторые химические реакции в электродной щели и их роль в 
спектрохимическом анализе, XXXV

Поведение окислов металлов в дуге. Химические реакции, средняя 
температура плазмы и напряжение дуги

3 . Л . СА БО  и Е. Б Е Р Т А Л А Н

Газовые продукты, образующиеся в реакции внутри материала электрода, изменяют 
среднюю температуру и напряжение возбуждения дуги. Т. о., изменяются энергетические 
условия плазмы, что оказывает влияние на интенсивность спектров.

Проводимость концентрированных электролитных растворов при простоянной 
концентрации катиона (аниона) — применимость кондуктометрии в

координационной химии

М. П А Л Ф А Л В И -Р О Ж А Х Е Д И , А. Б У В А Р И , Л . Б А Р Ц А  и 3 . Г. СА БО

Была исследована проводимость многих (более или менее простых) смесей электро
литов, поддерживая постоянной концентрацию одного из ионов (в большинстве случаев 
катиона) и температуру.

Было показано, что отклонения от аддитивности существуют почти в каждом случае, 
однако, их максимум достаточно низок: так напр., средние различия в 5М  растворах до
стигают лишь 2,8%. Отклонения зависят от температуры и суммарной концентрации, но не 
зависят от ионной силы. В простейших случаях эти отклонения незначительны, что по
зволяет делать заключения относительно стабильности новых частиц в других системах 
с достаточно большими различиями.

Оказалось, что отклонения от аддитивности в растворах с постоянной концентра
цией катиона (аниона) не могут быть объяснены ни на основе электростатических принци
пов, ни на основе одного образования ионных пар, т. к. следует принимать в учет специаль
ные взаимодействия. В качестве рабочей гипотезы полагается существование ассоциатов 
гидратированных анионов с водородными мостиками.



Исследование вращательных барьеров амидной связи в производных 
глицина с помощью динамического ЯМР—С13

Г. С А Л О Н Т А И  и А. ВАШ

Вращательные барьеры амидной связи между двумя ротамерами, присутствующими 
в жидкой фазе, были исследованы на 16 производных глицина. Были исследованы стери- 
ческий и электроноакцепторный эффекты, а такж е влияние, сопряжения заместителей на 
вращение амидной связи. Константа скорости динамического обмена между двумя рота- 
мерными формами А и В была рассчитана, исходя из полного анализа формы линии спектра 
ЯМР. Приводятся также величины энергии активации ЭКЛЦ> полученные с помощью 
уравнения Айринга.

Некоторые вопросы поглощения магния с помощью гидроксилапатита 
кальция и эффект такого встраивания на растворимость скелетального

минерала

Ш. П А Н Д И , Б .  Н А Н Д А  и П . П А Т Е Л

Было найдено, что встраивание магния в синтетические и природные гидроксилапа- 
титы кальция 1) увеличивается с увеличением концентрации иона Mg+2, 2) уменьшается с 
увеличением размера частиц гидроксилапатита кальция, 3) уменьшается с повышенем pH 
в интервале pH обменной среды от 5,0 до 8,0 и 4) увеличивается с увеличением периода 
равновесия. Адсорбция Mg+2 и сопровождающая ее диффузия во внутренний объем крис
таллов объясняется с помощью механизма обмена. Растворимость твердых растворов 
гидроксилапатитов кальция-магния, определенная в интервале pH 5,0—8,0, уменьшается 
с повышением pH растворяющей среды. Это происходит благодаря растворенным ионам 
фосфата, функционирующим как протон-акцепторы, и гидролизу в водных средах.
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