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It is s ta t i s t i ca l ly  re l iab ly  shown that  the kinet ics  of  the da rk  decolor iza t ion  of photocolored 
solutions of indoline sp i ropy rans  in toluene at  10~ is sa t i s fac to r i ly  desc r ibed  by a f i r s t - o r d e r  
equation. The r a t e  constants  for  the da rk  decolor iza t ion  of 35 indoline sp i ropyrans  with v a r i -  
ous subst i tuents  in the 5 and 8 '  posi t ions were  measu red .  T rea tmen t  of  the exper imenta l  r e -  
sults  by m u l t i p a r a m e t e r  co r r e l a t i on  methods with al lowance for  the specif ic  s t e r i c  effect  of 
subst i tuents  in the 8 '  posi t ion did not lead to a s a t i s f ac to ry  co r re l a t ion  dependence.  

Despi te  the cons iderab le  number  of  s tudies devoted to the invest igat ion of the pho toch romism of s p i r o -  
py rans ,  the p r o b l e m  of the quanti tat ive pr inc ip les  that  link the photochromic p r o p e r t i e s  of sp i ropyrans  with 
the i r  s t ruc tu re  has not rece ived  fully adequate study. Be rman  and c o - w o r k e r s  [1] in1959 concluded that  the 
effect  of subst i tuents  in the pyran  por t ion of 1 ,3 ,3 - t r ime thy l sp i ro [ indo l ine -2 ,2 ' - [  2II -1]benzopyrans]  on the 
r a t e  constant  of the da rk  decolor iza t ion  of photocolored solutions of them in alcohol at  6 ~ c o r r e l a t e s  well 
with the Hammet t  equation. However ,  in [2] it is noted that s im i l a r  quanti tat ive pr inc ip les  do not hold in 
a number  of  benzothiazol ine s p i r o p y r a n s ,  although Vanderwyer  and c o - w o r k e r s  w e r e  able to note a pure ly  
quali tat ive link between the e lec t ronic  effect  of subst i tuents  and the r a t e s  of dark-deco lor iza t ion  reac t ions .  

Continuing our  invest igat ion of the pr inc ip les  that link the s t ruc tu re  of indoline sp i ropyrans  with the i r  
photochromic  p r o p e r t i e s  [3, 4], we studied the kinet ics  of the dark-decolor iza t ion  reac t ions  of photocolored 
solutions in toluene of 1 ,3 ,3 - t r imethy lsp i ro[ indol ine-2 ,2 ' - [2H-1]benzopyrans]  that  contain var ious  subs t i tu -  
ents in the 5 and 8 '  pos i t ions .*  For these  invest igat ions we se lec ted  35 s p i r o p y r a n s ,  the synthesis  of the 
ma jo r i t y  of which has been desc r ibed  in the l i t e r a t u r e  (Table 1). Some of the sp i ropyrans  (Table 2) were  
obtained for  the f i r s t  t ime  via the s tandard  method - c o n d e n s a t i o n  of 5-subst i tu ted  1 , 3 , 3 - t r i m e t h y l - 2 - m e t h -  
yleneindol ines  with 3,5--disubstituted sa l icy la ldehydes  [11]. 

The l i t e r a tu r e  contains data that indicate both the compl iance  of the invest igated reac t ion  with f i r s t -  
o r d e r  kinet ics  [1, 2, 4] and the p r e s e n c e  of deviat ions f rom this r egu la r i ty  [3, 12, 13]. In this connection,  
we made a detai led ana lys i s  of the kinetic cu rves  obtained for solutions of sp i ropyrans  in toluene at 10% 
It was found that  the change in the optical  densi ty  of  the photocolored solution sa t i s fac to r i ly  follows a f i r s t -  
o r d e r  kinetic equation, and the values  of the confidence in te rva ls  for  the s ignif icance level  p = 0.05 in the 
de te rmina t ion  of the r a t e  constant  of the da rk  reac t ion  by the method of long in te rva ls  [14] did not exceed 
10% of the m e a s u r e d  values .  Repetition of the kinetic expe r imen t s  a lso  demons t ra t ed  good reproducibi l i ty  
of the constants .  We com pared  the reproducib i l i ty  of the r e su l t s  on pass ing  f r o m  point to point within the 
l imi t s  of one kinetic curve  with the reproducib i l i ty  of  the r e su l t s  obtained in di f ferent  kinetic exper iments .  
The calcula t ions  were  made f rom the following fo rmulas  [15]: 

* See [5] for  the p r e l i m i n a r y  communicat ion .  
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TABLE 1. List of Spiropyrans of Structure A Described in the 
Li tera ture  and Used in This Research 

Corn- / R 
R' pound 

I 

III H 
IV, H 
V i H  

VI H 
VII CHa 

VIII j CHa 
IX CH~ 
X CFH~ 

XI 
X I I I F  

XIII 

OCH3 
CH3 
H 
Br 
COOC2H5 
CH2CH=CH~ 
OCH~ 
H 
COOCH~ 
COOC~Hs 
OCH~ 
Br 
COOCH~ 

L i t e r -  
a t u r e  

Com- 
pound 

XlV 
XV 

XVI 
XVII 

XVIIII ! 
x I x l  
XX i 

X X I  
XXII ! 

XXIII 
XXIV 
XXV 

XXVI 

1V 

F COOC2Hs 
CI OCH3 
CI H 
C1 Br 
CI COOCHa 
CI COOC~H5 
Br Br 
Br COOCH3 
Br COOC2H5 
NO~ OCH3 
NO2 H 
NO2 COOCH~ 
NO2 NO2 

L i t e r -  
a t u ~ e  

7 
8 
9 
4 
7 
7 
4 
7 
7 
5 

10 
7 
5 

1 m 1 m _ 1 L 

-~J= --rn i=tx k.', s?= ~ _ l  1 i=l(k~J-kJ)~; &~= T i=t y' s?; 

] L _  m L _ 
X (kj--,~) 2, k= ~]=~m}j; s~= 

- -  J = l  

where m is the number of points on the individual kinetic curve ,  L is the number of kinetic curves  measured  
for the same spi ropyran,  kij is the rate  constant calculated for the i - th  point of the j - th  kinetic curve,  kj 
is the ar i thmetic  mean rate  constant for the j - th  kinetic curve,  ~ is the average value of the rate constant 
for the spi ropyran calculated f rom the total set of experimental  data,  sj 2 is the dispers ion that c h a r a c t e r -  
izes the sca t te r  in the k values within the limits of the j - th  kinetic curve,  So 2 is the dispers ion that cha r ac -  
t e r izes  the sca t ter  on passing f rom point to point within the l imits  of one curve for the entire sys tem as a 
whole,and SL2 is the d ispers ion that cha rac te r i zes  the sca t ter  on passing f rom curve to curve.  

We used the Fischer  c r i te r ion  - S L 2 / S 0 2  ~ F --to compare  the scat ter  associated with transi t ion f rom 
point to point of one kinetic curve with the sca t te r  caused by transi t ion f rom curve  to curve.  The resul ts  
for a confidence probabili ty of 95% a re  presented in Table 3. It follows f rom the data that inequality SL2 / 

s02 > F is valid in the major i ty  of cases .  This means that the sca t te r  in the experimental  data caused by 
passing f rom curve to curve is more  substantial than that in passing f rom point to point within the l imits  
of one curve.  Thus the kj values can be considered to be random and one can determine k and the confidence 
interval f rom the formula 

. t(xo k='~_+--=, 
~L 

where t a  is the Student c r i te r ion  determined f o r f  = L - 1  degrees  of f reedom, and ~ is the mean--square 
deviation of the k-j values.  

In the case  of spi ropyran XXVIII, we studied the effect of the degree of purity of spi ropyran and the du ra -  
tion of s torage of the prepared  solutions in the dark  and in sca t te red  light and also the effect of repeated 

TABLE 2. 5 - R - 8  ' -R  ' -1 ,3 ,3 -Tr imethy l -6  ' -n i t rosp i ro  [indoline- 
2,2  ' -  [ 2 I t - l ]  b e n z o p y r a n s ]  

Com- 
pound 

XXVII 
XXVIII 

XXIX 
XXX 

XXXI 
XXXII 

XXXIII 
XXXIV 
XXXV 

R' rap, ~ 

H 
c ~  

CI 
? 
COOCH3 
COOCHs 
COOCH3 

COOCHs 
CHs 
CH3 

H 
OCHa 

NO2 

174--175 
166,8--167 

115--116 
149--149,5 

258 
180,5--181 
200,5--201 

178--178,5 
251--252 

Empirical 
formula 

C21H~oN2Os 
C2tH22N203 
C2oHIgFN2Oa 
C~H~gC1N203 
C19H1~CI2N2Oa 
CtgHITIN2Oz 
C~2H22N206 
C~IH2oN2Os 
C~HIgN307 

Found, % 

C H N 

66,6 5,2 7,5 
72,1 6,4 8,1 
67,5 5,4 8,0 
64,7 5,1 7,6 
68,3 4,3 7,0 
51,2 3,7 6,1 
64,6 5,6 7,1 
66,4 5,3 7,1 
59,3 4,4 9,7 

Calculated, 
% 

clHl  

66 31 5,3 

5,3 7,4 
72:0 i 6,3 8,0 
67,81 5,4 7,9 
64,81 5,2 7,6 
58,41 4,1 7,2 
50,91 3,8 6,2 
64,41 5,4 6,8 

4,5 7,4 9,9 
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T A B L E  3. A n a l y s i s  of  the  R e p r o d u c i b i l i t y  of  the  E x p e r i m e n t a l  
Data  

C o r n -  kj  �9 

pound 

IV 

XIi 

XVII 

XX 

10 ~, SeC '1  

0,589 
0,538 
0,728 
0,611 
0,556 
1,32 
1,01 
1,09 
1.14 
1,07 
1,58 
1,64 
1,58 
1,75 
2,41 
2,39 
2,15 
2,02 
1,92 

s j  �9 I0 ~, SeC "1 

0,0887 
0,0571 
0,1290 
0,0680 
0,0543 
0,193 
0,160 
0,134 
0,201 
0,i94 
0,399 
0,394 
0,384 
0,198 
0,258 
0,643 
0,354 
0,629 
0,308 

SL:/So 2 

18,99 

10,94 

1,24 

5,19 

f~* f2! 

4 115 

4 115 

3 92 

4 115 

2,45 

2,45 

2,70 

2,45 

bservance of 
e condition 

2 2 SL/S 0 > F 

+ 

~ = L -  1 i s  t he  n u m b e r  of  d e g r e e s  of  f r e e d o m  for  d i s p e r s i o n  
SL 2. 
~f2 = ( m - 1 ) L  i s  the  n u m b e r  of  d e g r e e s  of  f r e e d o m  for  d i s p e r -  
s i on  So 2. 

c y c l e s  of  p h o t o c o l o r i z a t i o n  and s u b s e q u e n t  d a r k  d e c o l o r i z a t i o n  on the  r e p r o d u c i b i l i t y  of  the  r a t e  c o n s t a n t  of  
d a r k  d e e o l o r i z a t i o n .  The  r e s u l t s  a r e  p r e s e n t e d  in T a b l e  4. As  s e e n  f r o m  the  d a t a ,  n e i t h e r  a d i f f e r e n c e  in 
the  d e g r e e  of  p u r i t y  o f  the  s t a r t i n g  s p i r o p y r a n  no r  p r o l o n g e d  s t o r a g e  in the  d a r k  o r  in s e a t t e r e d  l igh t  s u b -  
s t a n t i a l l y  a f f ec t s  the  r a t e  c o n s t a n t .  H o w e v e r ,  the  r a t e  c o n s t a n t  of  the  d a r k  r e a c t i o n  i n c r e a s e s  a p p r e c i a b l y  
a f t e r  i r r a d i a t i o n  of  t he  s o l u t i o n  wi th  UV l igh t  d u r i n g  a r e p e a t e d  c o l o r i z a t i o n - d e e o l o r i z a t i o n  cyc le ;  t h i s  is  
a p p a r e n t l y  a s s o c i a t e d  wi th  the  c a t a l y t i c  e f f ec t  of  s p e c i f i c  i m p u r i t i e s  f o r m e d  a s  a r e s u l t  of  p h o t o d e e o m p o s i -  
t ion  p r o c e s s e s .  C o n s i d e r i n g  t h e s e  f a c t s ,  we u sed  b r i e f  i l l u m i n a t i o n  o f  the  so lu t i on  wi th  a l o w - i n t e n s i t y  UV 
l igh t  s o u r c e  to f o r m  the  p h o t o e o l o r e d  s o l u t i o n s  and took  a f r e s h  p o r t i o n  of  so lu t i on  for  each  m e a s u r e m e n t .  
The  r a t e  c o n s t a n t s  o f  the  d a r k  r e a c t i o n s  tha t  we o b t a i n e d  fo r  35 s t ud i e d  s p i r o p y r a n s  a r e  p r e s e n t e d  in  T a b l e  
5 a long  wi th  the  c o n f i d e n c e  i n t e r v a l s .  As s e e n  f r o m  Tab le  5, the  n a t u r e  o f  the  s u b s t i t u e n t s  m a y  s u b s t a n t i a l l y  
a f f ec t  the  m a g n i t u d e  o f  the  c o n s t a n t s .  

We a t t e m p t e d  to d e s c r i b e  the  r e l a t i o n s h i p  b e t w e e n  the s t r u c t u r e  o f  the  i n v e s t i g a t e d  s p i r o p y r a n s  and 
the  r a t e  c o n s t a n t s  for  t h e i r  d a r k  r e a c t i o n s  by  a c o r r e l a t i o n  equa t ion  of  the  f o r m  [16] 

lg te= tg ko+p~al +92a2. 

T A B L E  4. Effec t  of  V a r i o u s  F a c t o r s  on the R e p r o d u c i b i l i t y  of  
t he  l~ate C o n s t a n t  of  t he  D a r k  R e a c t i o n  of  S p i r o p y r a n  XXVIII 

mp of the cbm~ ' z~. Ira, 
sample, ~  Experimental conditions sec-t 

L 

164--165,7 

165--166 

I66,5--167 

165--166 

166,5--167 

166,5--167 

2.84 &piropyran purified by one recrystallization from 
acetone-water 

4,83 ~8piropyran purified by two recrystallizations f~om 
acetone- water 

5,68 Spiropyran purified by repeated recrystatlizations from 
it has a constant melting point 

4,83 Solution hetd in scattered light for 1 month 

5,68 

5,68 

Solution held in the dark for 1 month 

Successive cycles (from 1 to 8) of photocolorization 
and dark decolorization 

1,15 

[,10 

1,14 

i 1,08 

I1,10 
h 
!0,99; 1,16; 
'1,21; t,28; 
1,43; 1,49; 
1,60; 1,71 
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T A B L E  5. Rate Cons tan t s  and Conf idence  I n t e r va l s  of the Dark De-  
c o l o r i z a t i o n  of Sp i ropy rans  in  To luene  at  10 ~ 

Compound 

I 
It 

IIl 
IV 
v 

Vl 
VII 

vii i  
IX 
X 

Xl 
XIl 

XIIl 
xIV 
xv 

xvI 
XVll 

xvrii 

k �9 I0 2, s e e  " 1  

0,704-+0,064 
0,554_+0,092 
1,680_+ 0,240 
0,604_+ 0,093 
0,670----0,047 
0,832_+ 0,05 l 
2,88_+ 1,45 
2,14--.0,171 

0,256+-0,019 
0,396_+0,101 
1,02 -+ 0,094 
1,12-+0,05 

0,901+--0,051 
1,56-+0,23 
1,55-+ 0,097 
1,50_+0,102 
1,64-+0,130 
1,95_+ 0,37 

Compound 

X1X 
XX 

XXI 
XX[I 

XXIII 
XXIV 
XXV 

XXVI 
XXVI I 

XXVIII 
XXIX 
XXX 

XXXI 
XXXlI 

XXXlII 
XXXIV 
XXXV 

k �9 10 2, S~C "I 

2,32+_0,18 
2,18_+0,27 
2,07__.0,57 
2,69_+1,17 

14,40_+ 1,73 
14,40-+ 1,77 
3,71 -+0,53 
1,78+_0,14 

0,701 +_ 0,038 
0,99 __ 0,026 

0,599-+ 0,098 
0,618__0,056 
2,51 _+0,15 

, 1,36+0,19 
3,72-+0,290 
1,28-+0,047 
0,18-+0,03 

The p 1 and p 2 cons t an t s  in  this  equa t ion  r e f l e c t  the e l e c t r o n i c  effects  of s u b s t i t u e n t s  in  the 5 and 8 '  pos i t ions  
on the r e a c t i o n  c e n t e r s  of the s p i r o p y r a n  m o l e c u l e .  The 0-n v a l u e s  w e r e  used  as  the s u b s t i t u e n t  a c o n s t a n t s .  
The r a t e  cons t an t s  of the d e c o l o r i z a t i o n  of s p i r o p y r a n s  IV-VI and VIII-XXVII w e r e  used  for the ca lcu la t ion .  
The fol lowing c o r r e l a t i o n - e q u a t i o n  p a r a m e t e r s  w e r e  ob ta ined  by  m e a n s  of a Razdan-2  c o m p u t e r :  log k 0 = 
- 1 . 8 5 0 ,  and p 1 = 1.00, and p 2 = - 0 . 5 6 ;  m u l t i p l e  c o r r e l a t i o n  coef f ic ien t  R = 0.85,  and s t a n d a r d  dev ia t ion  S = 
0.22. Al lowance  for the spec i f ic  s t e r i c  effect  of s u b s t i t u e n t s  in the 8 '  pos i t ion  by the  method  in [17] and 
i n t roduc t i on  of c r o s s  t e r m  p 12 ~ 10- 2 into the equat ion  did not s u b s t a n t i a l l y  i m p r o v e  the c o r r e l a t i o n .  The use  
of 0-+ and 0-- va lues  as the c o n s t a n t s  of the s u b s t i t u e n t s  in  the 5 and 8 '  p o s i t i o n s ,  r e s p e c t i v e l y ,  a l so  did not 
i m p r o v e  the c o r r e l a t i o n .  

We a l so  v e r i f i e d  the p r e s e n c e  of a p a r t i a l  c o r r e l a t i o n  be tween  the r a t e  c ons t a n t s  and the s u b s t i t u e n t  
0- c o n s t a n t s  in s e r i e s  of s p i r o p y r a n s  in  which only  one subs t i t ue n t  was  changed.  The computed  r e s u l t s  a r e  
p r e s e n t e d  in Tab le  6. In th i s  t a b l e ,  the s p i r o p y r a n s  a r e  grouped in  such a way that  the s u b s t i t u e n t  i n t h e  8'  
pos i t i on  is  changed in s e r i e s  1-5 ,  while  the s u b s t i t u e n t  in the 5 pos i t ion  is  changed in  s e r i e s  6-11.  As s e e n  
f r o m  the data ,  a s a t i s f a c t o r y  c o r r e l a t i o n  is  o b s e r v e d  in  only  four  c a s e s  out of 11. Thus  n e i t h e r  c a l cu l a t i on  
by the t w o - p a r a m e t e r  c o r r e l a t i o n  method nor  d e t e r m i n a t i o n  of the c o r r e l a t i o n  de pe nde nc e s  in  s e r i e s  with 
one changed s u b s t i t u e n t  m a k e s  it pos s ib l e  to conc lude  that  t h e r e  is  a s a t i s f a c t o r y  c o r r e l a t i o n  be tween  the 
subs t i t uen t  c o n s t a n t s  and the r a t e  cons t an t s  of the d a r k - d e c o l o r i z a t i o n  r e a c t i o n s  of pho toco lored  so lu t ions  
of the s p i r o p y r a n s  unde r  the s e l e c t e d  cond i t ions .  We note  only  that  t h e r e  i s  a t e n d e n c y  for  e l e c t r o n - a c -  
cep to r  s u b s t i t u e n t s  in  the 5 pos i t ion  to a c c e l e r a t e  and for  e l e c t r o n - d o n o r  s u b s t i t u e n t s  to r e t a r d  the r a t e  of 
d a r k  deco lo r i z a t i on .  Subs t i tuen ts  in  the  8 '  pos i t ion  have the oppos i te  effect .  Our data  a r e  in  a g r e e m e n t  
with the r e s u l t s  ob ta ined  by V a n d e r w y e r  and c o - w o r k e r s  [2] and a r e  in c o n f o r m i t y  with concepts  a c co rd ing  
to which the r a t e  of d a r k  d e c o l o r i z a t i o n  is h igher , ! the  g r e a t e r  the ma gn i t ude  of the c h a r g e s  on the r e a c t i o n  
c e n t e r s :  pos i t i ve  on the c a r b o n  a t o m  i n  the 2 pos i t ion  and nega t ive  on the oxygen a t o m  l inked  to the a r o -  

m a t i c  r ing .  

T A B L E  6. C o r r e l a t i o n  in  Ser ies  with One Changed Subs t i tuen t  

S e r i e s  

I 
2 
3 
4 
5 
6 
7 
8 
9 

I0 
II 

Compounds 

I, II, IlI, IV, V, XXVII 
VII, VIII, IX, X, XXVIII 
XI, XII, XItI, XIV, XXIX 
XV, XVI, XVIL XVIII, XIX, XXX, XXXI 
XXIII, XXIV, XXV, XXVI 
I, VII, XI, XV, XXIII, XXXIII 
If, XXVIII, XXIX, XXX. 
III, VIII, XVI, XXtV, XXXII, XXXIV 
IV, Xll, XVII, XX 
V, X, XlV, XlX, XXli 
IX, XIII, XVIII, XXI, XXV, XXVII 

f 

0 ,08  
0 ,91  
0,57 
0,23 
0,97. 
0,77 
0,76 
0,62 
0,96 
0,97 
0,88 

lg ko P 

-2,11 -0~05 
- -  1 ,93 - -  1,32 
-- 2,03 0,27 

' ~ 1 ,98 " 0,2"/ 
--0,99 --0,94 
- 1 ,87 1 ,06  
-2,13 --0,73 
- 1,84 0,75 
- - 2 , 1 8  2,02 
--2,06 2,05 
-2,18 1,22 

6 0 6  



The absence of a co r re la t ion  may be associa ted  with the fact that the effect  of substi tuents is t r a n s -  
mit ted not only to the c loses t  but apparent ly  also to the m o re  f a r - r e m o v e d  react ion center  and also with the 
g r ea t e r  complexi ty  of those e lementa ry  steps that de te rmine  the overal l  ra te  of the dark-decolor izat ion 
p rocess .  

EXPERIMENTAL 

To synthesize the spiropyrans, we used 5-methyl-, 5-fluoro-, and 5-chloro-l,3,3-trimethyl-2-methyl- 
eneindolines [6] and also the previously undescribed 5-iodo- and 5-carbomethoxy-l,3,3-trimethyl-2-meth- 
yleneindolines. The 5-iodo-substituted compound was obtained via the Fischer reaction from p-iodophenyl- 
hydrazine [ 18] and methyl isopropyl ketone, with subsequent methylation of the resulting 2,3,3-trimethyl- 
5-iodoindolenine by the action of methyl iodide and treatment of the methiodide with alkali solution. 5-Carbo- 
methoxy-l,3,3-trimethyl-2-methyleneindoline was similarly obtained from p-earbomethoxyphenylhydrazine 
[ 19]. Condensation of the indicated methyleneindolines with 3-methyl-5-nitro- [6], 3-methoxy-5-nitro- 
[20], 3-ch]oro-5-nitro- [21], 5-nitro- [22], and 3,5-dinitrosalicylaldehydes [23] gave the corresponding 
spiropyrans. 

The kinetics of the dark decolorization were studied speetrophotometrieally [ I] at I0 • 0.I ~ Absolute 
toluene, purified by the method in [24], was used as the solvent. 

LITERATURE CITED 

1. E. Berman,  R. E. Fox, and F. D. Thomson,  J. Am. Chem. Soc., 81, 5605 (1959). 
2. P . B .  Vanderwyer ,  J. Hoefnagels,  and G. Smets,  Te t rahedron ,  25, 3251 (1969). 
3. M.A.  Gal 'bersh tam and N. A. Donskaya, Khim. Geterotsikl .  Soedin., 757 (1969). 
4. M.B.  Gordin and M. A. Gal 'bersh tam,  Kinetika i Kataliz, 1_~2,774 (1971). 
5. M.A.  Gal 'bersh tam,  V. I. Pantsyrnyi ,  and N. A. Donskaya, Kinetika i Kataliz, 12, 1047 (1971). 
6. A. Hinnen, C. Audic, and R. Gautron,  Bull. Soc. Chim. France ,  2066 (1968). 
7. V . I .  Pantsyrnyi  and M. A. Gal 'bersh tam,  Khim. Geterots ikl .  Soedin., 140 (1971). 
8. Belgian Patent No. 622,029 (1962); Chem. Abstr . ,  5__8, 12,762 (1963). 
9. U.S .  Patent No. 3,116,148 (1963); Chem. Abstr . ,  60, 6388 (1964). 

10. Bri t ish Patent No. 935,186 (1963); Chem. Abstr . ,  59, 12,330 (1963). 
11. V .G.  Brudz ' ,  D. A. Drapkina, V. A. Inshakova, N. I. Doroshina,  and N. L Badaikova, Methods for the 

Prepara t ion  of  Chemical Reagents and Prepara t ions  [in Russian], Vol. 15, Moscow (1967), p. 144. 
12. O. Chaude, Cahieres  de physique,  5(}-52, 1 (1954). 
13. Z .G .  Gardlund, J. Polym. Sci., 6_.B, 57 (1968). 
14. V . P .  Spiridonov and A. A. Lopatkin, Mathematical  Trea tment  of Physicochemical  Data [in Russian], 

MGU, Moscow (1970), p. 170. 
15. E . I .  Pustyl 'n ik ,  Statistical Methods of  Analysis and Trea tment  of Observations [in Russian], Nauka, 

Moscow (1968), p. 186. 
16. S . J .  Mil ler ,  J. Am. Chem. Soc., 81, 101 (1959). 
17. A . C .  Farting and B. Nam, Steric Effects in Conjugated Systems,  131 [sic] t~ . ,  Gray Acad. P r e s s ,  

New York (1958), p. 131. 
18. A. Neufeld, Ann., 248 , 98 (1888). 
19. G. Hel ler ,  J. prakt.  Chem.,  111,371 (1925). 
20. V . G .  Brudz ' ,  D. A. Drapkina, V. A. Inshakova, and I. P. Plit ina, Methods for the Prepara t ion  of 

Chemical Reagents and Prepara t ions  [in Russian], Vol. 15, Moscow (1967), p. 109. 
21. W. Davis and L. Rubenstein, J. Chem. Soc., 123 , 2850 (1923). 
22. V .G.  Brudz ' ,  D. A. Drapkina, V. A. Inshakova, and N. I. Doroshina,  Methods for  the Prepara t ion  of 

Chemical Reagents and Prepara t ions  [in Russian], Vol. 15, Moscow (1967), p. 111. 
23. A . B . E .  Lovett  and R. Rober ts ,  J. Chem. Soc., 1978 (1928). 
24. I .H .  Mathews, J. Am. Chem. Soc., 488,562 (1926). 

607 


