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INTRODUCTION 

There appears to be no report to the 
effect that benzoyl chloride can act as 
an initiator for the cationic polymeriza- 
tion of vinyl monomers. In continua- 
tion of our work ~-s on the elucidation 
of the initiation characteristics of some 
oxychlorides of group V and VI ele- 
ments, we have observed that benzoyl 
chloride can induce the conventional 
cationic polymerization of isobutyl 
vinyl ether (IBVE) with some distinctive 
features which are described in this 
paper. 

EXPERIMENTAL 

Materials 
IBVE (Merck, Germany) was purified 

and distilled following recommended 
procedures. Solvents, all of analytical 
grade, were purified and fractionated 
by standard methods. 

Benzoyl chloride (BDH) was distilled 
in vacuo, collected in a stoppered pyrex 
vessel and stored in a dry glove box in 
the dark. 

Polymerization 
All preparations and dilutions of 

solutions were carried out in a dry glove 
box 6. The polymerizations were con- 
ducted in pyrex reaction vessels 3'4'6 
under nitrogen. The polymers were 
precipitated by addition of methanol, 
collected and conditioned following 
the procedure of Eley and Richards 7. 

The intrinsic viscosities of the poly- 
mer samples were determined in ben- 
zene at 32°C. 

tion could be detected with 1.25 M 
[IBVE] even after 1 h. The polymeriza- 
tion order in carbon tetrachloride, with 
respect to C6HsCOC1 concentration 
varying from 0.2-1.0 mol/1, is 2 
(Figure lb, curve A). At a constant 
concentration of C6H5COC1 the poly- 
merization is first order (Figure lb, 
curve B) in [IBVE], the latter ranging 
from 0.5 to 1.25 mol/1. In the case of 
polymerization of IBVE by chromyl 
chloride s the corresponding orders are 
1 and 2, respectively. The polymeriza- 
tion is totally inhibited by pyridine 
which indicates the cationic nature of 
the reaction. 

The second order dependence of 
the rate on C6HsCOC1 concentration 
appears to be consistent with an initia- 
tion scheme involving self-ionization of 
two molecules of C6HsCOC1 as in: 

RESULTS AND DISCUSSION 

Kinetic characteristics 
At concentrations of C6HsCOC1 

from ~0.2-1 .0  M the polymerizations 
proceed without any induction period 
to high conversions, the t ime-  
conversion curves (Figure la) tending 
to become explosive at higher concen- 
trations of C6H5COC1. However, for 
[C6HsCOC1] ~ 10 -2 M, no polymeriza- 

the initial rise in [r/] with C6HsCOC1 
concentration may correspond to the 
removal, by the initiator, of some basic 
impurities participating in the chain 
breaking reaction. The exact nature of 
this impurity is obscure, although adven- 
titious water may be one possibility. 
The subsequent fall in [r~] with further 
increase in C6HsCOC1 concentration 
may imply participation of initiator 
fragments [C6H5COC12] in chain break- 
ing, since according to the ionization 
scheme given above [C6H5COC12] 
would be equal to K 1/2 [C6H5COC1], 
K being the equilibrium constant for 
the proposed ionization. 

The [~] versus [IBVE] plot indicates 
a slope change at a particular IBVE con- 
centration of ~1 M. Similar behaviour 
has been observed for the alkyl vinyl 
ether-BF 3 .Et2 O14, SnCI47 polymeriza- 
tion systems by Eley et al. and also for 
the n-BVE 12 and IBVES-chromyl chlo- 
ride system by the authors. In the 

2C6H5COC1 -~ C6H5CO + + C6HsCOCI~ 

The polymerization may then be ini- 
tiated through a direct interaction bet- 
ween IBVE and C6H5CO + cations. It 
may be significant to recall in this con- 
text our earlier observations that for 
ot-methytstyrene-POC131, N-vinyl car- 
bazole-SOC124/VOC13 s and IBVE- 
CRO2C12 a polymerization systems, the 
kinetics are consistent with a first order 
ionization of the appropriate oxychlo- 
ride. 

Molecular weight trends 
Figure 2 represents the variation of 

intrinsic viscosity of the polymers with 
the concentrations of C6HsCOC1 and 
IBVE, respectively. The maximum ob- 
served in the [r/] -[C6HsCOC1] plot is 
of rare occurrence and is reminiscent 
of the situations encountered by 
Zlamal 9 for isobutene-A1C13, Vesely 1° 
for isobutene-TiC14 and by Biswas and 
John n for N-vinyl carbazole-RMgX 
polymerization systems. Interestingly, 
for vinyl ether-chromyl chloride 
systems s42 the [~] values have been 
observed to be independent of the 
chromyl chloride concentration. How- 
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Figure I (a) Time-conversion curves for 
benzoyl chloride initiated polymerization of 
IBVEin CCl 4 a t 3 2 ° c .  [ IBVE] = 1.25mol i i ;  
[C6HsCOCI ] = o, 0.2 mol l l ;  o, 0.3 mol l l ;  
D, 0.5 tool/ l ;  l ,  1.0 mol/ l .  
(b) A, Dependence of log Rp on 1og 
[C6HsCOCI]. [ IBVE] = 1.25 tool/ l ;  solvent, 
CCI4; temperature, 32°C. B, Dependence of 

ever, in the light of above observations log Rp on log [IBVE]; [C6HsCOCI] ~o0.75 
and the generalizations made by Plesch 13, tool/I; solvent, CCI4; temperature, 32 C 
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Figure 2 A, Variation of [n] with [IBVE] ; 
[C6HsCOCI] -= 0.75 mol/I; B, Dependence 
of [rz] on [C6H$COCI] ; [ IBVE] = 1.25 mol/I 

latter instance, the slope change also 
occurs at 1 M vinyl ether concentration. 
Such a feature implies that above this 
threshold [IBVE] monomer transfer 
assumes dominance over other chain 
breaking reactions. 

Monomer specificity 
n-Butyl vinyl ether and N-vinyl 

carbazole have also been observed to 
undergo facile polymerization in pre- 
sence of C6HsCOC1 at ambient tempera- 
tures. For the polymerization of N- 
vinyl carbazole by C6H5COCI, as in the 
case with POC13, SOC12 and CrO2C12 
no colouration was developed in the 
polymerization system or in the pro- 
duct polymer indicating the absence of 
charge transfer interactions is. 

CONCLUSION 

Benzoyl chloride can initiate the poly- 
merization of vinyl ethers and N-vinyl 
carbazole by a conventional cationic 
mechanism. As a cationic initiator for 
IBVE polymerization, benzoyl chloride 
behaves differently from chromyl chlo- 
ride in several respects. 
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Titrimetric studies of p-aminobenzoic acid- 
formaldehyde-p-bromophenol copolymers in 
non-aqueous media 
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(Received 11 August 1977; revised 16 November 1977) 

The need to measure functional groups 
in polymers on a quantitative basis has 
assumed importance in recent years. 
Preliminary studies on some synthetic 
copolymers having acidic and basic 
functional groups, revealed that the 
structure, composition and the total 
acidity/basicity in a given weight of the 
copolymer, could be correlated with 
their titration curves in non-aqueous 
media 1,2. Therefore, it was considered 
of interest to see whether such an ap- 
proach could be extended to a copoly- 
mex having different types of acidic 
and basic functional groups present to- 
gether. Keeping this fact in view, a co- 
polymer obtained by the condensation 
ofp-aminobenzoic acid, formaldehyde, 
and p-bromophenol has been chosen 
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for this investigation. This system is 
interesting in view of the fact that 
from the Br content of the copolymer 
one can calculate the total amount of 
each of the functional groups, e.g. OH, 
COOH, and NH2 groups present in a 
given weight of the copolymer. The 
titration curves in non-aqueous media 
of the copolymer and the various frac- 
tions separated from it, indicated an 
excellent correlation between calculated 
and observed amounts of the various 
functional groups. Apart from this, 
some of the functional groups were 
found to be hyperacidic or hyperbasic 
in the copolymer chain. The enhanced 
acidic or basic character of the func- 
tional groups could be attributed to 
intramolecular hydrogen bonding bet- 

ween neighbouring groups in the co- 
polymer chain. An attempt has been 
made to correlate these observations 
with composition and structure of the 
copolymers. 

EXPERIMENTAL 

p-Aminobenzoic acid-formaldehyde- 
p-bromophenol copolymer (I) was pre- 
pared by refluxing a mixture ofp- 
aminobenzoic acid (0.5 mol), p- 
bromophenol (0.5 mol) and formalde- 
hyde (1.0 mol), in the presence of 2 ml 
o f l 0 N  HC1 for 3 h at 130°C. The re- 
action mixture was then poured in ice 
water and the precipitated product 
washed several times with distilled 
water to remove unreacted monomers. 
The polymer yield was about 80%. 
The copolymer thus obtained was then 
fractionated by dissolving about 10.0 g 
of the product in pyridine, the higher 


