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Carbocationic Polymerization in the Presence of 
Sterically Hindered Bases. II. Polymerization 
of &.Methylstyrene* 

J. P. KENNEDY and R. T. CHOU? 

Institute of Polymer Science 
The University of Akron 
Akron, Ohio 44325 

A B S T R A C T  

The effect of 2,6-di-tert-butylpyridine (DtBP) on a-methyl- 
styrene (aMeSt) polymerization induced by the "H20"/BC13 
initiating system has been studied. Yields, molecular weights, 
(Mw's), and molecular weight distributions (MWD's) obtained 
in  the presence of [ DtBP] > 1.0 X M are invariant with 
DtBP concentration. Results are explaiGd by the concept of 
terminative chain transfer, i.e., a process in which the proton 
which arises in the course of chain transfer to monomer is 
intercepted by DtBP so  that the kinetic chain is terminated. 
Polymerization goes to completion in the presence of very 
small  amounts of DtBP, i.e., 4.8 X M or  less; however, 
MW's and MWD's of the poly(a-methylstyrene) (PaMeSt) formed 
are still profoundly affected. Thus, in the absence of DtBP, a = 1.2 X lo4 and % /M = 3.8, whereas in the presence of n w n  
[ DtBP] = 1.0 x 

According to Mayo plots, a small  but nonnegligible extent of chain 
transfer to monomer pers is ts  even in the presence of DtBP, e.g., 

M, - mn = 4.5 x lo4 and mw/Mn = 1.87. 

*Reprinted from Polymer Preprints, 21(2), 148 (1980). 
?Present address: Dow Chemical USKMidland, Michigan 48640. 
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18 KENNEDYANDCHOU 

k /k = 6.4 X lo -*  and 2.8 X lo-' a t  -30 and -50°C, respec- 
tively. This, by DtBP unscavengable chain transfer to monomer, 
is attributed to a concerted chain transfer process. A mechan- 
ism is proposed which explains the experimental facts. 

tr,M P 

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

The polymerization of aMeSt induced by the "H20"/BCL initiating 
system in CHzClz solvent proceeds in the presence of a high concen- 
tration of DtBP and gives r i se  to polymer of higher MW and much 
narrower MWD than that obtained in the absence of this hindered base 
[ 11. Kinetic analysis suggests that DtBP does not interfere with 
initiation and propagation; however, it t raps  the proton that a r i s e s  
during chain transfer to monomer [ 11. 

This presentation concerns observations relative to the effect of 
DtBP on the yields, MW's, and MWD's obtained in aMeSt polymeriza- 
tion. A mechanism is developed which explains the observations. 

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

The source and purity of chemicals used as well as polymerization 
techniques have been described [ 1, 21, 

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

Previous studies [ 1, 21 have suggested that DtBP t raps  proton or 
intermediates akin to proton arising during chain transfer in cYMeSt 
polymerization induced by the " H Z O ' ~ / B C ~  initiating system. Inves- 
tigation of the effect of DtBP concentration on this polymerization 
system has been continued. A series of experiments has  been carried 
out in which [ DtBP] was  varied from 0.0 to 1.0 X 10-1 M. Results 
a r e  shown in Fig. 1. Yields, MW's, and MWD's of PaMFSt obtained 
in the presence of [DtBP] > 1.0 X 

mental error .  Since yields, MW'S, and MWD'S remain unaffected 
over a wide DtBP concentration range, i t  is safe to conclude that 
DtBP does not interfere with the elementary events governing these 
parameters. Evidently DtBP, although a strong base, is neither an  
inhibitor nor re tarder  of aMeSt polymerization under the conditions 
employed. 

In view of i ts  hindered pyridine structure, DtBP is regarded as a 
strong nonnucleophilic base and i ts  effect on aMeSt polymerization 
is fundamentally different from that of conventional bases. It is 

M are invariant within experi- 
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CARBOCATIONIC POLYMERIZATION. I1 19 

Numbers in parentheses = M,hn 3f 

(3.8) t 
1.0 2.0 3.8 2.0 1 .o 
I 

I W ~ M  -\-+\\ I W ~ M  x 1 O ' M  x 1W'M 

[DtBPl 

FIG. 1. Effect of [ DtBP] on crMeSt polymerization. ([ crMeSt] = 
0.32 M, - [ BCL] = 5.0 X M, - CH2C12, -6O"C, 5 min.) 

proposed that DtBP is able to react with the proton or a species akin 
to proton that emerges during chain transfer to monomer: 

,100 

* 80 

160 

Conv. % 

40 

20 

The key point of this proposition is that DtBP, on account of its hin- 
dered structure, exclusively and specifically traps proton during chain 
transfer and that it does not interfere with other elementary events. 
It is also important to note that according to this mechanism the 
proton is not transferred directly to monomer but is first transferred 
to the counteranion G e .  Thus the rate of proton transfer to G e  is 
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20 KENNEDYANDCHOU 

where [<@Gel is the concentratio? 2f the propagating PaMeSt*Ge 
ion pair. Since kt >> kri(kt = 4.8 X 10 ) and kt >> ktr,Gg, 

d[ H@G"] 

dt 
= k& H@G8] [ DtBP] 

i.e., the rate-determining step in proton trapping by DtBP is the rate  
of proton transfer to G e .  Thus 

where Rt = ra te  of termination, termination chain transfer. Accord- 
ing to this mechanism, aMeSt polymerization should be independent 
of DtBP concentration above a certain [ DtBP] . This is found experi- 
mentally as shown by the data in  Fig. 1. 

Under the particular condition used, aMeSt polymerization proceeds 
to completion a t  [ DtBP] < 4.8 X 
amounts of DtBP are insufficient to prevent chain transfer completely; 
however, the yields, MW's, and MWD's obtained are significantly 
different from those obtained in control runs (absence of DtBP) at  the 
same conversion level. Pertinent data are shown in Fig. 1. 

Further insight into mechanistic details of chain transfer to mono- 
mer  has  been obtained by studying the effect of monomer concentra- 
tion [MI on mn (Mayo plots). The Mayo equation l/DPn = k /k + tr,M P 
k /k [MI has often been used to  determine the relative extent of mono- 
mer  transfer to termination in carbocationic polymerization. If chain 
transfer to monomer occurs only by the above proposed mechanism, 
i t  could be completely prevented by the use of DtBP, and Mayo plots 
constructed with samples obtained in the presence of DtBP should 
not have an  intercept (k /k = 0). In contrast to this expectation, 
as shown by Fig. 2, Mayo plots exhibited a small  temperature de- 
pendent intercept, i.e., k 
and -5O"C, respectively. 

mer  occurs by two routes, a major one involving proton expulsion to 
G e  followed by reinitiation (see above) and a minor one involving 
concerted proton transfer to monomer without the appearance of a 

M. Evidently very small  

t P  

tr,M P 

/k = 6.4 X lo-' and 2.8 X lo-* a t  -30 t r ,M P 

In view of these findings i t  is proposed that chain transfer to mono- 
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CARBOCATIONIC POLYMERIZATION. 11 21 

FIG. 2. Investigation of details of chain transfer by Mayo (1/DP = n 
k /k + (k /k )(1/[ MI). Plots: [ BCIS] = 5.0 X lob3  M, [ DtBP] = 

7.7 X lo-' M, - CH2C12. Solvent polarity was maintained by the use of 
tr,M P t P - 

~- 

n-hexane as compensating solvent. mn's were determined by membrane 
osmometry. 

trappable proton. Concerted proton transfer is visualized to occur 
within a ternary complex Nn@ MGe comprising the growing carbo- 
cation-monomer-counteranion. This complex is akin to the one f i r s t  
proposed by Fontana [ 41 and subsequently explored by Kennedy et  al. 
[ 51. Propagation and/or chain trahsfer can occur via this complex; 
however, DTBP would not be able to interfere with these processes. 

Dissociation of this salt, a likely process in  view of the rather polar 
medium (E of CHzClz = 12.8 a t  -5O"C), would of course produce the 
same Ge associated with the propagating PctMeSt@ cation and thus 
would suppress dissociation of the latter by the common ion effect. 
Conversely, in the absence of DtBP the propagating PctMeSt@Ge ion 

Proton interception of DtBP results in a pyridinium salt  DtBP.H@Ge. 
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22 KENNEDYANDCHOU 

4.1 

- 
M,/fi, 

3. 

2. 

1. I I I I I I I 
1 2 3 4 5 6 7 

-log [D + BPI 

FIG. 3. The effect of DtBP concentration on polydispersity ratio 
of PaMeSt. ([ aMeSt] = 0.62 - M, [ BCL] = 5.0 x 
5 min.) 

M, - -5OoC, CHzClz, 
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CARBOCATIONIC POLYMERIZATION. II 23 

"H20"/aC13/aMeSt - H20.BC1,.aMeSt - +M %Cn'Ge 
==P 

' 8  %C,M G 

k 
Ge 

%cn + HM'G~ 

SCHEME 1. Mechanism of aMeSt polymerization in the presence 
of DtBP. 
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24 KENNEDY AND CHOU 

pair would tend to dissociate into free  ions which would induce a great 
variety of reactions having rate constants different from those induced 
by ion pairs  and thus result in complicated kinetics. Interception of 
chain transfer by DtBP and suppression of the dissociation of the propa- 

gating PcuMeSt@Ge ion pair  during polymerization will result  in the 
narrowing of MWD as illustrated by the data in  Fig. 3. 

Scheme 1 summarizes the processes outlined and presents an 
overall view of the mechanism of (?Me% polymerization occurring in 
the presence of DtBP. 

explains the observed limited conversion obtained in the presence of 
suitable amounts of DtBP. 2) It explains that cuMeSt polymerization 
can proceed even in the presence of a high concentration of DtBP. 
3) It explains that yields, MW's, and MWD's do not change over a wide 
range of DtBP concentration above [ DtBP] = 1.0 x M. 4) It ex- 
plains the presence of an  intercept observed in Mayo ~ 1 0 5 .  5) It ex- 
plains that the MW's of PolMeSt obtained in the presence of DtBP a re  
much higher than those produced in control runs. 6)  It helps, a t  least  
qualitatively, to rationalize that MWD's of PolMeSt's obtained in the 
presence of DtBP are invariably narrower than those of controls, 

This mechanism accounts for the experimental observations. 1) It 
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