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The study of the react ion of peroxide radicals  with complex polyatomic es te r s  has shown that the p re s -  
ence of several  functional groups in the molecule affects the react ivi ty of each fragment of the molecule [1-5]. 
This effect was attributed to the collective d ipo le -d ipo le  interaction between a polar  peroxide radical  and the 
complex es te r  groups [6]. If the d ipo le -d ipo le  interaction of the reagents is real ly the cause of this phenom- 
enon, the effect of the nonadditivity of the partial rate constants should disappear in reactions of polyfunc- 

tional molecules with a nonpolar species. For this reason, we studied the reactivity of polyatomic esters in 

the reaction with the CCI 3 radical, which has a planar structure and no dipole moment. CCI~ is suitable for 
comparison with the peroxide radical since both of these radicals are electrophilic species, one with and the 

other without a dipole moment. The chain process involving CCI 3 radicals was studied in the RH-CCl4-benzoyl 

peroxide (initiator) system in which a chain chlorination reaction takes place with formation of RCI and CHCI 3. 

There is little information on the reactivity of trichloromethyl radicals in chain breaking reactions, and the 

existing data primarily concern the rate constants. The reaction of CCl~ with pglyatomic complex esters has 

not been studied previously. 

EXPERIMENTAL 

The esters of pentaerythritol and monocarboxylic acids, CR4, were investigated, peritaerythritol tetrapropio- 

hate (R = CH2OCOCH2CH 3) (1), pentaerythritol tetracaproate (R = CH2OCO(CH2)sCH3) (ll), and neopentylglycol 
dipropionate (CH3) 2CR 2 (III) and I, i, l-trimethylolpropane tripropionate CH3CR2CR 3 (IV) (R = CH2OCOCH2CH3) ; 

n-heptadecane (V) was used for comparison. 

The esters were synthesized according to [7] and purified as described in [3]; (1) and (If) were also re- 

peatedly recrystallized from n-pentane and isopropanol. Branched and olefin hydrocarbon impurities-were re- 

moved from (V) as in [8]. CCI 4 was purified by ozonization, dried, and distilled over P205. Benzoyl peroxide 

(BP) was recrystallized twice from a CHCI3-MeOH mixture. Hexachloroethane was synthesized according to 

[9] and purified twice by recrystallization from ether and ethanol. The kinetic experiments we]:e conducted at 

373~ in sealed glass ampuls with a 3-ml volume mixture (solution of ether in CC14) in an atmosphere of Ar. 

The degree of decomposition of the BP was 99%, which was equal to 6.6 of its half-life (~I/2). The products 
of transformation of the trichloromethyl radicals were analyzed chromatographically: Chrom-4 chromatograph, 

column packed with 15% 1,2,3-tris(8-cyanethoxy)propane on Chromosorb W, He carrier gas, 30-I 60~ tem- 

perature of analysis, flame-ionization detector, and n-propanol internal standard. 

DISCUSSION OF RESULTS 

Decomposition of Benzoyl Peroxide. The decomposition of BP in a medium of ester (Ill) (i. 5 mole/liter) 

and CCI 4 was studied in a separate series of experiments using the method of iodometric titration for analysis 
of the BP; when [BP] _< 2.5.10 -2 mole/liter, it decomposed monomolecularly with a rate constant k d equal to 
(3.3 �9 0.3). 10 -4 sec -I (373~ In the range of concentrations of BP = (2.5-7 4). 10 -2 mole/liter, k d increased 

from 3.3 �9 10 -4 to 4.0 �9 104; this could have been related to the induced decomposition of BP. To exclude this 

factor, [BP] -< 2.4 �9 10 -2 mole/liter was used in the experiments. 

The average yield of radicals in volume e was measured as a function of the consumption of 2,2,6,6- 

tetramethyl-4-benzoylhydroxypiperidine-l-oxyl (VI) in time 5TI/2 of the decomposition of BP. The experiment 
was performed in Ar in a solution of (III) (I. 5 mole/liter) in CCI 4 with [BP]0 = 0.5.10 -3 mole/liter and [>NO" ]= 
0.8.10 -3 mole/liter, with EPR recording of >NO". Under these conditions, decomposition of BP catalyzed by 

(VI) was not observed (cf. [i0]): k d in the presence of (VI) did not exceed the value of k d obtained in experiments 
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TABLE 1. Exper imenta l  Conditions and Kinetic Cha rac t e r i s t i c s  
of the React iv i ty  of Compounds in the React ion with T r i ch lo ro -  
methyl  Radica l s ,  373~ 

[:aHl I [BP]0"10a {'~[CttClal'10a 

mole/liter 
edCBI/[B P]0 

,5[CHCh]/[RH]. _ a[CHChl 
[BP Jg', "= 57 [-ggg~ 

liter/mole)'/~ 

t,2 
2,0 
2,0 
2,0 

Ester 

0,96 
0,66 
o;31 
0,25 
0,48 

0,66 
0,66 
0~66 
0,66 

1,5 
t,5 
1,5 

2,6 
2,6 

036 
2,t5 
2,t5 

Ester (I), k~/(2k~) 'h= (2,8• (liter/mole. sec) 1/2 ; kp = 1.6. t 02 liter,/moIe �9 sec 

I 2,43 :1,8 0,39 [ 0,31 8,4 
4,05 3,8 0,27 0,30 10,7 
9,04 5,3 0,25 (I,28 0,7 

0,28 5.3 14,70 6,8 0,30 Avg. 0,29• 

(II), ki,/(2kt)'/~ (22,3=i=3,5).10 -a (liter/mole, sec)l/z; kp = 12.5" 

5,20 
5,95 
6,1t 
5,86 
6,03 

0,52 
5,95 
t,55 
0,83 

18,8 
10,3 
6,2 
5,0 

t2,5 

14,3 
t0,3 
5,t 
2,9 

0,33 
0,22 
0,4t 
0,43 
0,40 

0,25 
0,22 
0,22 

2,72 
2,03 
2,55 
2,60 
3,33 

Avg. 2,65-+0,30 
2,23 
2,03 
1,95 
t,52 

Avg. 1,93:~0,21 
Average of i ,  2' 

2,29• 

10 z liter/mole" sec 

4,1 
19,7 
tl,5 
9,7 

23.5 

t7,t 
i9,7 
37.2: 
39,7 

Ester (III), kd(2kO%= (1,8-+0,1) �9 10-a (liter/mole. sec)I/z; kp = 1.0," 1O z liter/mole- sec 

5,08 L8 t 9,62 2,8 
20,10 4,1 

(IV), k~/(2&,) v,= (3,1_+0,5). t0-a 

'21,2 I 10,4 ] 45,2 20,6 

0,43 0,17 4,0 
0,41 0.19 3,3 
0,50 0.19 2,3' 

Avg. 0,'18• 

(liter/mole �9 sec)!~i kp = 1.7.10 z liter/mole, sac 

0,22 0,27 I 5,6 
0,22 I 0,37 I 5,2 

tAvg. 0,32:~0,05 

(V), kp/(2kt) h= (19,6-+-2,9). lO -3 (liter/mote. sec)l/z; kp = 11.0.102 liter/mole, sec 

1,55 6,0 - t,79 44,t 
3,88 31,0 - 2,32 90,9 
9,09 40,0 - t,96 50,0 

Avg. 2,02:~0,30 

Ester 

wi thou t  (VI).  The va lue  of  e ,  equal  to  0 .44  :~ O. 04 (373~ s a t i s f a c t o r i l y  co inc ided  with the  va lue  of e = 0 .50  
0 .06  (373~ calcu la ted  f r o m  the b a l a n c e  equa t ion  which  c o r r e l a t e s  the  n u m b e r  of f r e e  r a d i c a l s  f o r m e d  on to ta l  
d e e o m p o s i t i o n  of  B P  with the  amount  of  the  p r o d u c t  of  r e c o m b i n a t i o n  of  CCI~ r a d i c a l s  ( see  below) b a s e d  on 
the  r e s u l t s  of  the  gas  e h r o m a t o g r a p h i c  a n a l y s i s  of  CgCI~o 

The va lue  of  the  i n i t i a t i o n  r a t e  c o n s t a n t  ki of  13P in CC14 m e a s u r e d  as  a funct ion  of  the  r a t e  of  c o n s u m p -  
t ion of 2 , 4 , 6 - t r i - t e r t - b u t y l p h e n o x y l  wi th  [PB]0 = 4 . 1 . 1 0  -2 m o l e / l i t e r  was  equal  to 3 . 3 - 1 0  .4 s e e  -1 (373~ [11, 

12]. It i s  p o s s i b l e  to e s t i m a t e  e = k i / 2 k  d = 0 .5  f r o m  a c o m p a r i s o n  of th i s  va lue  of  k i with ou r  va lue  of k d.  The 
va lue  of  e in d e c o m p o s i t i o n  of  B P  in benzene  (353~ was  a l s o  equa l  to 0 .5  [10], which  i8 in a g r e e m e n t  with the  

data on the  vo lume  y i e l d  of  r a d i c a l s  o b t a i n e d  by the  m e t h o d  of  i n h i b i t o r s  (343~ in decompos i t i on  of B P  in b e n -  
zene  and c h l o r o b e n z e n e  [13]; the  v a l u e  o f  e i s  thus  in  good a g r e e m e n t  wi th  the  d a t a  in the  l i t e r a t u r e .  In c a l c u l a t -  
ing the  r e l a t i v e  r a t e  c o n s t a n t s  of the  r e a c t i o n ,  e = 0 .44  and kd = 3 . 3 " 1 0  -4 s e c  - I  w e r e  u s e d .  

Chain  I n i t i a t i o n .  L ike  o t h e r  a cy l  p e r o x i d e s ,  B P  d e c o m p o s e s  into r a d i c a l s  a c c o r d i n g  to a g e n e r a l  s c h e m e ;  
b e n z o y l ,  h y d r o x y ,  and phenyl  r a d i c a l s  a r e  f o r m e d  in a s o l u t i o n  of CC14 [14]. F o r m a t i o n  of b e n z o y l h y d r o x y  r a -  
d i c a l s  was  c o n f i r m e d  by e x p e r i m e n t s  on d e c o m p o s i t i o n  of  B P  in the p r e s e n c e  o f  an H a t o m  d o n o r :  1 , 3 , 5 - t r i -  

m e t h y l - g , 4 , 6 - t r i s ( 3 ' ,  5 ' - d i - t e r t - b u t y l - 4 ' - h y d r o x y b e n z y l ) b e n z e n e  (VII). The fo l lowing  p r o d u c t s  { m o l e / l i t e r )  
w e r e  found on to t a l  decompos i t i on  of 2 -10  -2 m o l e / l i t e r  of  B P  in CCI 4 in the  p r e s e n c e  of  1 .5  m o l e / l i t e r  of (III) 
and 3 -10  -2 m o l e / l i t e r  of  (VH) : 0 .2 -  10 -3 dipheny l ,  O. 8 .10  -a pheny lbenzoa t e ,  3- I 0- ~ be nz o i c  a c i d ,  and 1- 10- 2 
e h l o r o b e n z e n e  (CB) in the  a b s e n c e  of  b e n z e n e  ([C~HG] < 0 . 2 . 1 0  -3 m o l e / l i t e r ) .  In the  B P - C C 1 4 - t l H  s y s t e m  
wi thout  (VII) ,  CB was  a l so  f o r m e d  in the  concen t ra t ion  of 1 '  10 -2 m o l e / l i t e r  (A[CB]/[BP]0 = 0.5) in the  s a m e  
e x p e r i m e n t a l  condi t ions ,  but t h e r e  was  no benzene  o r  benzo ic  ac id  ([CGIIsCOOH ] < 7, 10 - !  m o l e / l i t e r ) .  V a r y -  
ing  the  c o n c e n t r a t i o n  of  RH [ e s t e r  (II)] in the  0 . 2 5 - 0 . 9 6  m o l e / l i t e r  r a n g e  a l so  d id  not  a l t e r  the  y i e l d  of CB,  a n d  
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TABLE 2. Yield of  Hexach lo roe thane  as a 
Funct ion of  the Concent ra t ion  of  E s t e r  (II), 
373~ 

~ l  / [BP]~176 I ~[c~ci~j.~o~ 
A[c2Cld/[ BP ]o 

mche/liter 

0,25 
0,31 
0,48 
0,66 
0,96 

5,86 
6,ii 
6,03 
5,95 
5,20 

3,5 
2,9 
3,4 
2,8 
2,2 

0,60 
0,47 
0,56 
0,47 
0,42 

moleAimr / 2 [ " 

2,0 s,o /0,0 
~-. I l ' I i ! ~ i 

~ 2,2 / 

t ~  

~ L I 1 , , , I , I I [ 

o,/ 4 s  o,9 t,s 
[e/4], mole/liter 

�9 

o 

0,20 ~ 
ff 

o,/0.,I 

Fig.  1. Ratio A[CHC13]/[BP]o 1/2 as 
a funct ion of  the concen t r a t i on  of 
(II) (1} and A [CHC13] as  a fimetion of  
[BP]ol/2 (2) in CCI4 at 373~ 

the ratio of A [CB]/[BP] 0 remained constant and equal to 0.39 + 0.03 (Table I). The same yield of CB (within the 

limits of experimental error) and the absence of analyzable quantities of benzene in the BP-CCI4-RH(III )-(VK) , 

BP-CCIa-RH(III), and BP-CCI 4 systems when the concentration of RH(II) was varied, as well as the absence 

of benzoic acid in the BP-CCI4-RH(III ) system thus indicate that CCI~ radicals are formed according to the 

reaction 

C6H~" + CC14 ~ C6H5C1 @ CC13" 

and C6H ~ and C605COO" radicals do not attack the CH bond in the esters in these conditions, that is, the re- 

actions : 

C~Hs" -]- RH-+ C6H6 -}- R" 

C6H5C00" + RH-+ C,HsC00H + R" 

do not take place to a marked degree. However, the yield of chlorobenzene formed at the end of the experi- 

ments was less than the number of radicals formed during total decomposition of BP: [C6HsCI ] < 2e[BP]o (see 

Table I). Not only phenyl, but also benzoylhydroxy radicals apparently participate in chain initiation; the pro- 

ducts of the reactions were not identified. 

Chain Propagation and Breaking. The CCI 3 radicals formed react with the RH substrate with formation 

of CHCI 3. The amount of chloroform is greater than the number of radicals formed from BP and entering the 

volume during total decomposition of BP (see Table i). As a consequence, a chain process with chain propaga- 

tion according to the following reactions develops in these conditions: 

% (1) 
CC18" -]- RH --~ CHCI~ -~ R" 

R" -4- CC14 -+ RC1 -}- CCla" (2) 

The p a r a m e t e r  u = A [CHC13]/2e [BP]0, which c h a r a c t e r i z e s  the  a v e r a g e  chain  length ,  v a r i e d  f r o m  2 to 40 c o m -  
ponents  in the r eac t i on  of  CCI~ with the e s t e r s  and a t ta ined  90 componen t s  in the r eac t i on  of  CC13 with n - h e p t a -  
decane  (see Table  1). 
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T A B L E  3. P a r t i a l  Rate  Cons tan ts  kpj of  the Re-  
ac t ions  of CCI~ (373~ and R ' O  2" (40~~ Radi -  
ca l s  with the CHaOCOCH2CH a (R) F r a g m e n t  as a 
Funct ion of  the Number  of R 

Number of 
R groups 

kPJ1R'I0=(CCla') i kpjlg(R'Of) 

lite r/mole- sec 
~ ,  M/mole 

(R'Od) 

0,40 
0,57 
0,50 

3,4 
2,t 
1,5 

=4,t 
-2,5 
-t,4 

Stage 1 is  l imi t ing  in chain  p ropaga t i on ,  and chain b r e a k i n g  p r i m a r i l y  t akes  p lace  at the CCI~ r a d i c a l s  
a c c o r d i n g  to the reaction: 

2k t 
CCla" q- CCla" --> C2Ct6 

s ince  the y ie ld  of the p roduc t  of r e c o m b i n a t i o n  of CCI~ r a d i c a l s ,  h e x a c h l o r o e t h a n e ,  r e m a i n s  a lmos t  cons tan t  
(within the l imi ts  of expe r imen ta l  e r r o r  ) with a va r i ab l e  concen t r a t i on  of RH [es ter  (II)]: A [C2C1G]/[BP]0 = 0.50 J: 
0o 06 (Table 2); as  a c o n s e q u e n c e ,  the con t r ibu t ion  of  the r e a c t i o n s :  

CCla" -1- R -+ RCC1 a 
COla ~ @ B" --* R(--H) q- CHC1 a 

R" @ R" --~ disproportionation + recombination 

in the s t eady  s ta te  is ins igni f icant  in c h a i n  b reaMng .  This  r e su l t  is in a g r e e m e n t  with the f indings of s tu-  
dies  on r a d i o c h e m i c a I  t r a n s f o r m a t i o n  of C C 1 4 - h y d r o c a r b o n  s y s t e m s  [15, 16], whe re  hexach lo roe thane  was  
found as the only p roduc t  of  chain b reak ing ,  in addi t ion,  the y ie ld  of  hexach lo roe thane  c o r r e s p o n d s  to the n u m -  
be r  of  r a d i c a l s  f o r m e d  f r o m  BP dur ing  total  decompos i t i on  of  the in i t i a to r ,  i . e . ,  e[BP]0 = A [C2C1~] when RH 
(II) is v a r i e d .  The value of e (0 .50 i 0.06) found f r o m  the equal i t ies  r e p o r t e d  above b a s e d  on the r e s u l t s  o f  
c h r o m a t o g r a p h i c  ana lys i s  of C2C16 in a s e r i e s  of e x p e r i m e n t s  (see Table  2) thus co inc ided  with the s i m i l a r  v a -  
lue obta ined  f r o m  the r a t e  of  consumpt ion  of  r a d i c a l s  (Vt) dur ing  total  decompos i t i on  of BP  0.44 :~ 0, 04. The 
fol lowing r a t io s  a r e  val id  for  the s c h e m e  of r e a c t i o n s  given above:  

[ s P  ] = [sP ]0e-~d~ 

and [CBC13]oo = 2kp[RH](2e[BP]0)l /2/(2ktkd)l /2 is  va l id  for  the t ime of tota l  decomposit ion of BP. The ru les de- 
r ived f rom the last  equation, the f i r s t  o rder  of the react ion with respect to [RH], and the o rder  of 1/2 with re -  
speetto [BP]0 (Fig'. 1), were fol lowed for  n-heptadecane and al I  of  the esters studied (except for  ester  ( IV) ,  s e e  

below). The values k d = 3.3-10 -4 see -1 and e = 0.44 were used for  calculat ion of kp/(gkt) l /2 f rom the exper i -  
mental data, and the value 2k t = 3.1 ~ 109 l i t e r / m o l e ,  sec, selected on the basis of the data in the l i t e ra tu re  [15], 
was  used  for  ca lcu la t ion  of kp. 

The concen t r a t i on  of  RH in the e x p e r i m e n t s  r e m a i n e d  a lmos t  cons tan t :  s e v e r a l  pe r cen t  of  the e s t e r  w e r e  
c o n s u m e d  dur ing total  decompos i t i on  of BP ,  and up to 20% w e r e  only c o n s u m e d  in the e x p e r i m e n t s  with (II). 
The d i f fe rence  with r e s p e c t  to the a v e r a g e  value of kp/(2kt)  I/2 was  4-15c'~, and the e r r o r  of  the c h r o m a t o g r a p h i c  
analysis was _< 15o70. 

Only p a r a m e t e r  kp/(2kt)l/2 was  e s t i m a t e d  fo r  e s t e r  (IV) us ing the r e s u l t s  of two e x p e r i m e n t s  with h igher  
c o n c e n t r a t i o n s  of  B P ,  s ince  the cont r ibu t ion  of  l i nea r  chain  b reak ing  at the CCI 3 r a d i c a l s ,  o b s e r v e d  in the ex -  
p e r i m e n t s  with e s t e r  (IV), was  v e r y  sma l l  in this  v a r i a n t .  

The pa r t i a l  r a t e  cons tan t s  kpj of the r e a c t i o n  of CC13 r a d i c a l s  with R f r a g m e n t s  (R = CH2OCOCH2CH3) in 
p rop ion ic  acid e s t e r s  w e r e  ca lcu la ted  with the va lues  of  kp (see Table 1). 

kp (1) 1.6. tO 2 ~ 40 liter/mole.sec (CR4) kp~ (R) . . . . . .  4 4 

kv (III) t.0~ t 0  2 = 50 liter/mole, see ((CHa)zCR a) kp~ (I~) -- 2 ----- 
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t kp(IV) ~1"7"102 = 57 liter/mole, see, kpj (R) + Tkp~ (CH~) = ----g---  = 3 

hence,  kpj(R) < 57 l i t e r / m o l e . s e e  (CHzCH2CR3) (the reaction of CCI~ with CH 3 groups was d isregarded [17]). 
In the case of ester (IV), the trichloromethyl radicals also attacked the CH2 group as well as the complex es- 

ter groups; the reactivity of this group can be estimated by assuming kpj = 50 liter/mole.sec (as in the R 

fragment as a whole); then 1/3 kpj(CH2) will be no more than 16 liter/mole, sec, and kpj(R) will therefore be 

no less than 40 liter/mole, sec. A comparison of all three values of kpj(R) shows that they are similar, and 

the average value is kpj(R) = 49 • liter/mole, sec. A different picture was observed in the reaction of these 

compounds with the cumylperoxide radical [3], where the values of kpj(R) increase with an increase in the num- 

ber of R groups in the ester molecule (Table 3). If we assume that this effect is related to the inductive effect 

of the functional groups in the ester molecule, a symbatic relationship would be observed in the reactions of 

the RO~ and CCI 3 radicals in this case, since both are electrophilic. However, the rule of additivity in the 

group of reactions studied holds for CCI 3 and does not apply to RO~. The effect of the nonadditivity of the par- 

tial rate constants in the reactions of the RO~ radical cannot be correlated with the electrophilic nature of the 

attacking species. The hypothesis of the steric factor as a cause of the change in kpj with an increase in the 

number of complex ester R groups in the molecule becomes superfluous, since the vMue of kpj(R) should de- 

crease, but it increases instead (see Table 3); in this case, a symbatic relationship would also be observed in 

the change in kpj(R) for CC13 and RO~ radicals. As a consequence, the presence of a dipole moment in the 

peroxide radical and the absence of a dipole moment in CCI 3 is the main cause of the difference in the change 

in kpj for RO 2 and CCI 3 radicals in reactions with the esters described above. The rate constant kpj of the 

reaction of CCI 3 radicals with the CH 2 group in n-heptadecane is I.I. 103/15 = 70 liter/mole, sec. 

The partial rate constant of the reaction of CCI 3 radicals with the ~, T, 5 and other CH 2 groups in the 

acid residue was calculated by assuming that the reactivity of the CH 2 group is the same: 

@i (CH~) = kp (II) --  kp (I) _ (12.5--1.6). 102 = 39 liter/mole, sec 
7.4 28 

The value of kpj of the CHzOCOCH2 fragment  is equal to 49 l i t e r / m o l e . s e e  (see Table 3); it thus follows that 
the c~ -CH2 group of the acid residue of an es te r  is probably slightly deactivated in compar ison to the other 
methylene groups and the CH 2 group in the n hydrocarbon,  which is in agreement  with the data on attack of 
pentaerythri tol  es te r s  by peroxide radicals  [3, 18]. However,  in the case of the nonpolar CClj radica l ,  it is 
also possible that the react ion of CCI~ with the CH2 O group is hindered due to the proximity of the quaternary  
C atom, and in this case ,  the ce -CH2 group will have react ivi ty s imi la r  to the other  groups of the acid residue 
and the CH 2 group in the n-paraff in molecule.  

The rule of additivity is thus followed for the react ion of the nonpolar CC13 radical  with the CH2OCOCH 2- 
CH a fragment  in a polyatomic complex es te r :  the rate constant of the react ion is d i rect ly  proport ional  to the 
number  of the f ragments  in the es te r  molecule .  As a consequence,  the deviation from additivity observed in 
react ions of peroxide radicals  with polyatomic complex es te r s  [3] is the result  of the d ipole-d ipole  interaction 
of the polar  RO~ radical  with the polar  groups in the es te r  molecule .  

CONCLUSIONS 

i. The kinetics of chlorination of pentaerythritol tetrapropionate and tetracaprate, neopentylglycol di- 

propionate, and 1, l,l-trimethylolpropane tripropionate in a solution of CCI 4 at 373~ according to the scheme 

RH + CCI 4 -~ RCI + CHCI 3 were studied. 

2. Initiation of the reaction by benzoyl peroxide takes place according to a chain mechanism with the par- 

ticipation of CCI~ radicals in chain propagation; the rate constants of the reaction of CCI 3 with these esters 

were determined. 

3. The partial rate constant of the reaction of CCI 3 with the CH2OCOCH2CH 3 fragment is 49 • liter/ 

mole. sec at 373~ and is not dependent on the number of such fragments in the molecule. 

io 
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K I N E T I C  M E C H A N I S M S  O F  P O L Y M E R I Z A T I O N  O F  B U T Y L  

ACRYLATE IN THE PRESENCE OF PORPHYRIN COBALT 

DURING INDUCTION 

A. G. Oganova, B. R. Smirnov, 

N. T. Ioffe, and N. S. Enikolopyan 
UDC 541.127:541.128:541.64:547.391.1 '26,t 

In radical polymerization (PM) of methacrylates [i, 21 and styrene [31, porphyrin cobMts (COP) effective- 
ly catalyze chain transfer to the monomer. Acrylic esters occupy the position next to methacrylate in the or- 

der of radical reactivity [4], which indicates the similarity of the reactivity of both the monomers and the cor- 
responding radicals. Nevertheless, in PM of butyl acrylate (BA), CoP does not exhibit the properties of a 

chain transfer catalyst, but the properties of a "strong" inhibitor of the classic type [5]. The reactivity of 
acrylic and methacrylic monomers thus differ significantly with respect to CoP. 

In contrast to classic inhibitors, the effect of CoP is not depleted durin~ induction but is also manifested 

in slowing of the process after induction has ended and in a long aftereffect. It has been suggested that inhibi- 
tion of PM of BA by CoP is "reversible" [6]. 

The kinetic mechm~isms of the starting stage of PM of BA in the presence of CoP based on the concept 
of the reversibility of inhibition of PM of BA by CoP were studied in detail in the present study. 

EXPE tIIMENTAL 

The monomer was successively washed with a 3% solution of NaOH, distilled water, a saturated solution 

of NaHSO3, a solution of NaCl, and distilled water until a neutral reaction was obtained to remove impurities 

which could contaminate the catalyst; it was then dried for 2 h over annealed Na2SO4, passed through a column 
containing A1203, and distilled at pressure of 30 mm in an Ar current. Approximately 0.5% of Co(II)-tetra- 
phenylporphyrin was added to the distilled monomer, the solution was measured out into glass ampuls, evacu- 

ated at 5.10 -3 ram, and stored in the refrigerator. Immediately before the experiment, the ampuls were heated 
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