
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 24 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Macromolecular Science, Part A
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597274

Photopolymerization Initiated by Charge-Transfer Complex. VII.
Photopolymerization of Methyl Methacrylate with the Use of α-Picoline
Chlorine Charge=Transfer Complex
Subasini Lenkaa; Padma L. Nayaka; Sanjay K. Nayaka

a Laboratory of Polymers and Fibers Department of Chemistry, Ravenshaw College, Cuttack, Orissa,
India

To cite this Article Lenka, Subasini , Nayak, Padma L. and Nayak, Sanjay K.(1983) 'Photopolymerization Initiated by
Charge-Transfer Complex. VII. Photopolymerization of Methyl Methacrylate with the Use of α-Picoline Chlorine
Charge=Transfer Complex', Journal of Macromolecular Science, Part A, 20: 8, 835 — 845
To link to this Article: DOI: 10.1080/00222338308061402
URL: http://dx.doi.org/10.1080/00222338308061402

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597274
http://dx.doi.org/10.1080/00222338308061402
http://www.informaworld.com/terms-and-conditions-of-access.pdf


J. MACROMOL. SCL-CHEM., A20(8), pp. 835-845 (1983) 

Photopolymerization Initiated by Charge-Transfer 
Complex. VII. Photopolymerization of Methyl 
Methacrylate with the Use of a-Picoline 
Chlorine Charge=Transfer Complex 

SUBASINI LENKA, PADMA L. NAYAK, and SANJAY K. NAYAK 

Laboratory of Polymers and Fibers  
Department of Chemistry 
Ravenshaw College 
Cuttack 753003, Orissa ,  India 

A B S T R A C T  

Polymerization of methyl methacrylate in visible light was studied 
at  30°C using the a-picoline-chlorine charge-transfer complex as 
the photoinitiator. .Analysis of kinetic and other data indicate that 
polymerization proceeds via a radical mechanism and that termina- 
tion is initiator dependent. Chain termination via degradative chain 
(init iator) t ransfer  appears to  be significant. 

I N T R O D U C T I O N  

Recently we have reported the photopolymerization of methyl meth- 
acrylate using the lutidine-bromine and quinaldine-bromine [ 11, lepi- 
dine-bromine [21, and y-picoline-bromine [3] charge-transfer com- 
plex as photoinitiators. a-Picoline-chlorine ( a-Pi-C1 ) easily fo rms  

an isolable charge-transfer complex when reacted with chlorine. The 
a-picoline-chlorine charge-transfer complex was found to be a better 
photoinitiator for  polymerization of certain vinyl monomers than chlo- 
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836 LENKA, NAYAK, AND NAYAK 

rine itself. In the present studies, we have examined the suitability of 
the a-Pi-chlorine charge-transfer complex ( 1: 1) as a photoinitiator 
for  the polymerization of methyl methacrylate. 

E X P E R I M E N T A L  

P r e p a r a t i o n  of a - P i - C h l o r i n e  ( a - P i - C 1 2 )  C h a r g e -  

T r a n s f e r  C o m p l e x  

Five mill i l i ters of reagent grade a-picoline (freshly distilled after 
being dried over NaOH pellets) was dissolved in an equal volume of 
purified chloroform i n  a wide tes t  tube which was cooled to 0-5°C in 
an ice-bath. Purified chlorine gas,  prepared in the laboratory from 
the reaction between reagent grade KMn04 and concentrated HC1 and 
purified by passing the gas  through two successive scrubbers  contain- 
ing water and concentrated H2S04, was then gently bubbled through the 

cold a-picoline solution. Brownish yellow crystals  of the cY-picoline- 
chlorine complex gradually precipitated out. The passage of chlorine 
was stopped when no further absorption of the gas  was apparent. The 
crystalline precipitate was then filtered off, washed with purified chlo- 
roform, and finally dried under vacuum at  30°C. The assayed chlorine 
content of the prepared complex was 20.89% against a theoretical chlo- 
rine content of 21.28% for  the 1: 1 complex of a-picoline and chlorine. 

P o l v m e r i z a t i o n  

The polymerization was carr ied out according to our  previous pro- 
cedure. The intrinsic viscosit ies [17] of the polymers were measured 
in benzene solution at 30 i 0.05"C in an Ubbelohde viscometer. The re- 
sults are expressed in decil i ters per  gram. The molecular weights of 
the poly( methyl methacrylate) were calculated from the viscosity data 
by using the equation [4] 

R E S U L T S  AND D I S C U S S I O N  

It was observed that the rate  of polymerization of MMA with the u s e  
of the a-picoline-chlorine charge-transfer complex as initiator at 30 f 
0.1"C was faster  in the presence of light (wavelength 440 nm) than in the 
dark. The process of photopolymerization is associated with a sma l l e r  
induction period than in case of thermal  polymerization using the same  
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PHOTOPOLYMERIZATION. VII 837 

initiator. No polymerization, h'owever, was observed when MMA was 
exposed to light of the same wavelength either alone o r  in the presence 
of a small  amount of a-picoline at 30°C. 

A few of the polymer samples prepared by using the a-picoline-C12 
complex were characterized for  the chlorine endgroup by the dye par- 
tition technique developed by Pal i t  et al. [5]. The t e s t  was positive in 
all  cases, indicating the incorporation of chlorine atom endgroups in 
these cases. 

I n i t i a t o r  E x p o n e n t ,  M o n o m e r  E x p o n e n t ,  a n d  
A c t i v a t i o n  E n e  r g y  

The results of the photopolymerization of MMA at  30°C using var i -  
ous concentrations of a-Pi-C12 complexes have been studied. A plot 

of log R versus  log [a-Pi-C12] is shown in Fig. 1. From the slope of 

the plot, the initiator exponent was determined to be 0.60. The polym- 
erization remains uninhibited in the presence of air, but hydroquinone 
strongly inhibited the polymerization process. The polymerization 

P 

FIG. 1. 
30°C, 6 h. 

Plot of log R v s  log [a-Pi-C12]: [MMA] X 10' = 46.92 - M, 
P 
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FIG. 2. Plot of log R vs log [MMA] : [(Y-Pi-C12] X Id = 2.95 - M, 
30°C, 6 h. P 

gave a positive response to  the dye partition test for chlorine endgroups. 
Al l  these observations indicate a free radical mechanism for the polym- 
erization. 

P 
using a fixed value of initiator concentration. A linear plot of log R 

versus log [MMA] is shown in Fig. 2. From the slope of this plot, the 
monomer exponent was calculated to be 1.05. 

The rates  of polymerizations were measured at three different tem- 
peratures at fixed monomer and initiator concentrations. The rate of 
polymerization increases with increasing temperature. From the slope 
of the Arrhenius plot of log R versus 1/T (Fig. 3), the overall activa- 
tion energy was computed to be 3.8 f 0.5 kcal/mol, and this value is 
close to some reported values of activation energy for the aqueous 
polymerization of MMA. 

R values were also measured at several  monomer concentrations 
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FIG. 3. Plot of log R v s  1/T. 
P 

M e c h a n i s m  

Kinetic data, the inhibitory effect of hydroquinone, and the resul ts  
of endgroup analysis indicate a radical mechanism. The radical gen- 
eration s tep may be considered to follow an initial complexation reac- 
tion between monomer and initiator molecules: 

kd K 
a-Pi-C1 + M ===== [a-Pi-C1 . . . MI - pair of radicals 2 

Initiating complex 
I 

Assuming bimolecular termination, the r a t e  of polymerization, R 
may be expressed as P’ 

The radical generation process  is considered to be preceded by a com- 
plexation reaction between monomer and a-Pi-C1 complex molecules 2 
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840 LENKA, NAYAK, AND NAYAK 

which i s  characterized by an equilibrium constant K such that the 
initial concentration of the actual initiating complex I is given by [I] = 
K[a-Pi-C12] [MI and k 

The initiator-dependent termination process may be of two kinds 
as shown below: 

k , and kt have their usual significance. 
P' d 

(1) Primary radical termination: 

k 
M' + R' '* - polymer product 

( 2 )  Termination via degradative initiator transfer,  either (a) with re-  
initiation such as: 

polymer product + I' (initiator transfer) ktrx 

krtx 

kix 

M + I  

I' + M' - polymer product (chain termination) 

I' + M - M (reinitiation) 

or ,  (b) with little reinitiation, such as: 

polymer product (chain termination) + nonradical 
o r  inactive radical by-product 

kt' M ' + I  - 
A n a l y s i s  of P r i m a r y  R a d i c a l  T e r m i n a t i o n  a n d  
D e g r a d a t i v e  I n i t i a t o r  T r a n s f e r  P r o c e s s e s  

The equation of Deb and Meyerhoff [6] assumes the following form 
when the primary radical termination effect as well as degradative 
chain transfer for the present system are analyzed. 

Initiator-dependent termination: 

R 
Prt  P 

Kfk R ' k 
d P  

R '  
P = log ~ - 0.8684- - log 

[a- Pi-C12] [MI' kt kikp [MIZ 

A plot (Fig. 4) of the left-hand side of the above equation against R / 
P 

[MI2 gave a negative slope, indicating measurable primary radical ter-  
mination for the present system. The value of k /k.k calculated from 

Prt 1 P 
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FIG. 4. Plot of log R /( [a-Pi-C12] [MI ') vs R /[MI2. 
P P 

the slope of this plot is 0.276 X lo6 mol. s/L. The value of Kfkd, o r  

more precisely K ~ E I , ,  obtained from the intercept of this plot i s  5.55 
x lo-" L/mol.s. 

k ' / k t  V a l u e  
P 

The value of the kinetic parameter k /kt was obtained from the 
(Fig. 5), following 

P 
initial slope of the plot of l/Pn versus R /[MI 

the usual procedures and assumptions, with the help of the Mayo 
equation. 

P 

1 
- - = 1.85; - 

R 
'n P P 
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0 4 8 

FIG. 5. Plot of l/Pn v s  R /[MI2. 
P 

The last t e r m  in the right-hand s ide  of the equation was  included to ac- 
count fo r  the chain-transfer effect, assuming that this would not affect 
the slope of the plot fo r  low init iator concentrations. F r o m  the slope, 
the value of k /kt was calculated to be 1.801 L /mol*  s. 

P 

D e g r a d a t i v e  I n i t i a t o r  T r a n s f e r  W i t h  
R e i n i t i a t i o n  E f f e c t  

An equation derived by Deb “71 to analyze degradative chain (init iator) 
t r ans fe r  with reinit iator was  simplified by Ghosh et al. [8] to the follow- 
ing form: 

In the present  case, [I] = K [a-Pi-Cl2] [MI, and hence we have 
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N 
a 

FIG. 6. Plot of log R a /( [ ~ r - P i - C l ~ ]  [MI ' ) v s  [(Y-Pi-ClZ]. P 

R a  k 2  
log P = log Kfkd kpl - 0.434 - - krtx C1K[~-Pi-Cl2] 

kt k k 
kt ix P 

[Q-Pi-C12] [MI' 

where C1 is the initiator t ransfer  constant. The plot of the left-hand 
side of the above equation against [cr-Pi-ClZ] (Fig. 6) is linear with a 
negative slope, indicating degradative initiator transfer. From the lot 
of the value of the kinetic parameter,  Kfkd, i.e., K $ E I ~ ,  is 5.1 X 10- 
L/mol* s. 

I: 

D e g r a d a t i v e  I n i t i a t o r  T r a n s f e r  w i t h  L i t t l e  
R e i n i t i a t i o n  

The aspect may be expressed as follows. Under steady-state condi- 
tions we have 

Ri Rt 2kt[M]' + kt' [I] [ M I  

R R  R 
P P  P 
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FIG. 7. Plot of 2 k /k RpZ /[MI3 [a-Pi-C121 vs  R /[MI. 
t P  P 

2kt[M'Ie + kt1K[a-Pi-C12] [MI [ M I  

R 
P 

or 

2k R a ktlK 

k ' [MI2 
kp 

-!- + - [a-Pi-C1 1R 
2 P  

R. = - 
P 

= 2$wI0K[a-Pi-Cl2] [MI 

or 

R Z  kt'K R 
= 2beI.K - - 2 2 -  kt P 

' 0  k P a [MI '[a-Pi-C12] Rp [Ml 
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PHOTOPOLYMERIZATION. VII 845 

A plot of the left-hand side of the above equation against R /[MI, which 
gives a straight line with a negative slope (Fig. 7), is obtained for  the 
present photopolymerization of MMA. From this plot, the value of 
+eIoK was computed to be 5.9 X lo-' L/mol. s, which is ve ry  close to 
value obtained from Figs. 5 and 6. Thus, degradative initiator t rans-  
fer of either kind (with o r  without reinitiation) can easily account for  
the nonideal kinetics in the present photopolymerization. 

tion as a possible cause for  nonideality, consideration of the depen- 
dence of R on monomer concentration predicts it to be of small  con- 

P 
sequence. With an observed monomer exponent value of less than 1.5, 
the nonideality in the present polymerization appears to  be due to de- 
gradative initiator transfer.  

P 

Although we have reasonable indication of pr imary radical termina- 
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