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Polymerization of N-Vinylcarbazole 
by SK-500 Molecular Sieve 

MUKUL BISWAS and NARAYAN C. MAITY 

Department of Chemist r y 
Indian Institute of Technology, Kharagpur 
Kharagpur 721302, India 

ABSTRACT 

The polymerization of N-vinylcarbazole (NVC) by SK-500 
molecular sieve obeys the relation, rate of polymerization (R ) 

P 
= [ NVC]'" (weight of SK-500)0'70at 30°C. Stirring increases 
the rate but the reaction order does not change. The highest 
catalytic activity, observed at 500" C precalcination temperature, 
does not correspond to the highest solid acidity of the sieve, 
realized at 200" C $recalcination temperature. Pyridine and n- 
butylamine ( N- 10- M) inhibit and hydrogen chloride ( N- M) 
and phosphoryl chloride ( N- lom4 M) cocatalyze the polymerizg 
tion. Both R and the degree of pTlymerization pn) increase up 
to a maximum a t  -9-10% uptake of water (g/g of dry zeolite) 
and thereafter fall. Alumina and silica increase R P n  de- 
creases with an increasing alumina content and rises initially 
at low silica content, falling at a high concentration of the latter. 
Nitrobenzene retards the polymerization. P is independent of 
[ NVC], percentage conversion, and weight of SK-500. It appears 
that the polymerization is initiated through BrGnsted acid sites 
a s  well as through direct interaction of RE3+ centers with a vinyl 
double bond of the monomer by a conventional cationic mech- 
anism. 

P 

P' 
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INTRODUCTION 

BISWAS AND MAITY 

In earlier publications we have reviewed [ 11 the present status of 
vinyl polymerization by molecular sieves and reported [ 21 the polym- 
erization behavior of isobutyl vinyl ether (IBVE) in the presence of 
Linde SK-500 (rare earth exchanged Y-type) molecular sieve and the 
effect of metal ion loading on the activity of 13X sieves [ 31. In order 
to determine the monomer selectivity of SK-500 and endorse the 
cationic mechanism and other kinetic conclusions of the IBVE-SK- 
500 system, the work has now been extended to study the polymeriza- 
tion of N-vinylcarbazole (NVC) by SK-500. This paper discusses 
the salient kinetic and mechanistic aspects, and highlights certain 
unique features of the NVC-SK-500 polymerization system. 

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

M a t e r i a l s  

NVC (BASF, West Germany) was recrystallized three times from 
hot n-hexane and dried in vacuo at 30°C for 2 d (mp 65.6"C). Solvents 
such a s  benzene and other chemicals used were all analytical grade 
materials. They were dried and fractionally distilled by recommended 
procedures. SK-500 molecular sieve (Union Carbide), supplied as a 
white, crystalline pellet containing no clay binder, was pulverized 
into powder (100 mesh). Directly before the experiment the catalyst 
was activated [ 41 at desired temperatures. 

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

Polymerizations were conducted under nitrogen atmosphere with 
constant/intermittent stirring and followed gravimetrically. The 
general procedures followed for pretreatment of the reaction vessels, 
preparation of monomer solution in the dry glove-box, and charging 
of the reaction vessels with monomer solution in dr condition were 
essentially similar to those adopted earlier [ 2, 4-6{ Total volume of 
the reaction mixture was 25 mL unless stated otherwise. 

a standard Beckman freezing point apparatus, with a thermometer 
precision of 0.001"C. In most determinations, concentration of the 
polymer solutions in benzene was kept below 5% to avoid nonideality 
complications, the depressions being in the 0.03 to 0.05"C range. 
Reproducibility from run to run was about 1%. 

of Johnson [ 2, 71. 

Molecular weights were determined cryoscopically in benzene using 

The solid surface acidity was measured by following the procedure 
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POLYMERIZATION OF N-VINYLCARBAZOLE 479 

FIG. 1. Time-conversion curves for SK-500 catalyzed polym- 
erization of N-vinylcarbazole in benzene at 30°C. [ NVC] = 0.1 mol/L, 
weight of SK-500 = (a) 0,010 g, (b) 0.013 g, (c) 0.019 g, (d) 0.028 g, 
(e) 0.064 g, (f) 0.028 g in the presence of COz, (g) 0.028 g with con- 
stant stirring, and (h) same as in (g) in the presence of n-butylamine. 

R E S U L T S  AND DISCUSSION 

G e n e r a l  C h a r a c t e r i s t i c s  of t h e  P o l y m e r i z a t i o n  

Figure 1 presents some characteristic time-conversion curves for 
a wide range of conditions. Carbon dioxide increases the rate to an 
appreciable extent, which can be ascribed to the formation of addi- 
tional active centers responsible for the initiation reaction whereas 
n-butylamine acts as a retarder. Activation of the molecular sieve 
in the presence of carbon dioxide sulfur dioxide, etc. has also been 
observed in other instances [ 8, 9). The present results a r e  con- 
sistent with these observations and particularly with the fact that the 
enhancement of catalytic activity is realized when carbon dioxide is 
added to the reaction mixture and not when the sieve is pretreated 
[ 9, 101 with carbon dioxide. The polymers obtained a re  white solids, 
soluble in most common solvents. The polymerizations a re  not 
accompanied by any typical color development, suggesting that the 
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480 BISWAS AND MAITY 

WEIGHT OF S K -  500,g 

FIG. 2. Dependence of R on the weight of SK-500. [NVC] = (a) 
0.05 mol/L (intermittent stirring), (b) 0.10 mol/L (intermittent 
stirring), and (c) 0.05 mol/L (constant stirring). Solvent, benzene; 
temperature, 30°C. 

P 

charge transfer initiation [ 2, 111 through the interaction of NVC and 
r a re  earth centers is not important in the present polymerization. 
The IR spectrum of the polymer is identical to that of polyNVC 
obtained by aprotonic acid initiation [ 7, 121. 

R a t e  D e p e n d e n c e  o n  t h e  W e i g h t  of S K - 5 0 0  

Figure 2 shows the effect of the weight of SK-500 sieve on the rate, 
using the sieve precalcinated a t  100°C for  2 h. From the results in 
Fig. 2a, by and c it can be shown that 

cc (weight of SK-500)0'70 
RP 

for polymerizations performed with intermittent st irring and also 
with constant stirring. Significantly, st irring increases the overall 
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POLYMERIZATION OF N-VINYLCARBAZOLE 481 

rates  of polymerization but does not change the reaction order. 
Barson et al. [ 131 observed that the rate is proportional to the 2/3rd 
power of the weight of a 13X sieve for the polymerization of styrene 
in cyclohexane. 

The fact that the rate is not directly proportional to the weight of 
the zeolite used indicates [ 131 that all the activated sites on the ex- 
ternal surface of the sieve and on the internal pores are not equally 
involved in the polymerization. Presumably, in the present instance 
the external surface sites appear to participate in the reaction in 
preference to the internal pore sites. The liquid in contact with the 
molecular sieve contains a bulky molecule as NVC and this may dis- 
courage i ts  diffusion to the interior pore sites, which is perhaps the 
reason why even with constant stirring the reaction order does not 
change. The less viscous the liquid, the more the chance of penetra- 
tion. This should presumably explain the direct dependence of the 
rate on SK-500 for  IBVE [ 21 polymerization. 

R a t e  D e D e n d e n c e  o n  M o n o m e r  C o n c e n t r a t i o n  

Figure 3 shows that the rate (intermittent stirring, Fig. 3a and b) 
increases in a first-order manner up to a certain [ NVC] and falls 
thereafter. With constant stirring (Fig. 3c) these features a re  retained 
although the rates  a re  higher. For the IBVE-SK-500 system, Biswas 
and Maity [ 21 reported a similar first-order dependence of the rate 
on [ IBVE] but no such maximum. 

The occurrence of the maximum in the rate vs  [ NVC] plot has 
been previously reported by Biswas et  al. in NVC-aprotonic acid 
[ 7, 121 and NVC-Grignard reagents [ 14, 151 polymerization systems, 
the rate being f i rs t  order in NVC up to a certain threshold concentra- 
tion, It is possible that a t  higher concentrations NVC, a tertiary 
amine, may act as a poison for the active sites on the catalyst surface. 
Significantly, Fn is not affected. The possible implication of this 
feature is discussed later. 

E f f e c t  of P r e h e a t i n g  T e m p e r a t u r e  of S K - 5 0 0  

- 
Figure 4 reveals the variation of R Pn, and solid acidity which 

P' 
represents the total acidity (Bronsted) of the solid catalyst phase with 
the preheating temperature of the SK-500 sieve. Initially, as the pre- 
heating temperature is increased, the rate also increases, a maximum 
value of R is realized at -500°C and further preheating causes a 
fall in the rate. Fn also shows an exactly parallel trend whereas 
solid acidity shows a maximum at  200°C only. 

For  the IBVE-SK-500 system [ 21 however, the rate exhibits a 
maximum at  a preheating temperature of 200" C as against 500" C 

P 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
2
0
:
4
3
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



482 BISWAS AND MAlTY 

- 
0 
E 
In 

0 
X 
a 
(r 

8 -  

G -  
'. 

'\ 

lhl 

I 
0.3 

[NVC]  ,mol. I - '  

FIG. 3. Dependence of R on [ NVC]. Weight of SK-500 = (a) 
0.010 g (intermittent stirring), (b) 0.028 g (intermittent stirring), 
(c) 0.005 g (constant stirring). Solvent, benzene; temperature, 30" C. 

P 

observed in this instance. This difference in the behavior of the two 
monomers is quite significant and it possibly implies some differ- 
ence in the nature of the initiating moieties in these two cases. The 
initiation in the IBVE-SK-500 system is believed to be due mainly to 
BrGnsted acid sites formed by the reaction [ 16, 171 

P - /H 

'H 
RE3' 0 - O-Zeol -RE2' 0 H ' G Z e o l  

I 

which assumes its highest value at  200°C, the maximum point in the 
solid acidity vs  preheating temperature curve [ 21. Jn the present 
system the maximum occurs a t  500°C and consequently it seems that 
Briinsted sites alone are not fully responsible for the initiation. 
Lewis acid initiation may also not be significant in the present system 
since the Lewis acid sites are believed to be formed at temperatures 
as high as 680" C and above [ 16, 171. It appears that the r a r e  earth 
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30 - 
Pn 
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0 200 LOO 600 8 00 

PRECA LClNA TlON TEMPERATURE ‘C 
- 

FIG. 4. Effect of preheating temperature on R Pn, and solid 
P’ 

surface acidity of SK-500. [ NVC] = (a) and (b) 0.1 mol/L; weight of 
SK-500 = (a) and (b) 0.028 g. Solvent, benzene; temperature, 30°C. 

metal ion centers probably directly participate in the initiation of 
NVC polymerization by the SK-500 sieve, particularly at  temperatures 
above 200°C. Further, the screening effect of water molecules [ 181 
surrounding the RE3 ions would be diminished a s  the precalcination 
temperature is increased in the range of 100 to 500°C. This also 
would tend to increase the rate, The situation becomes more com- 
plicated above N 500°C when the rate is controlled by desorption of 
water [ 181, Lewis acid site formation [ 16, 171, and a reversible 
redistribution of cations [ 19, 201 affecting the cation accessibility of 
the monomer in the sieve cage.- 

The increase in the value of P up to 500°C may be attributed to n 
continuous removal of residual surface [ 2, 241 or intracrystalline 
channel water from the sieve. As a consequence, the possibility of 
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484 BISWAS AND MAITY 

transfer of the growing chains with water would be likzly to decrease 
so that Fn should increase. Beyond 500°C the fall in Pn possibly 
results from the pronounced decrease in rate. 

E f f e c t  of A d d i t i v e s  

Basic Additives 
Pyridine and n-butylamine totally inhibit the polymerization at 

M. These highly M and give a very low rate and F n  a t  
basicadditives apparently destroy the growing carbonium ions and 
also at  higher concentrations consume the Bransted sites on the 
catalyst surface. 

Bransted and Aprotonic Acids 
Hydrogen chloride enhances the rate  considerably and ac ts  as a 

cocatalyst (Fig. 5). However, P is rather slightly affected. Inter- 
estingly, phosphorus oxychloride, itself a fairly active initiator for 
polymerization of vinyl monomers [ 21, 221, also enhances the rate 
but decreases Fn to a limiting value (Fig. 5). The trend in Fn varia- 
tion in either instance implies the predominance of transfer of grow- 
ing chains with the acids or  with the corresponding anions. 

n 

Water 
Figure 6 represents the influence of zeolitic water on R and Fn. 

Small amounts of water increase both the rate  and Pn to a maximum 
(around 9-10% uptake of water), but a t  still higher concentrations of 
water both these quantities fall. Addition of small amounts of water 
can enhance the BrGnsted acidity. The initial catalytic effect of 
water declines above 9% uptake of water. This behavior indicates 
that polymerization on the water-free catalyst occurs not only a t  the 
polymer-catalyst interface but also a t  si tes within the crystals. As 
the amount of zeolitic water increases the intracrystalline channels 
become blocked [ 2, 231, and hence they become still less accessible 
to monomer so that the overall rate of polymerization decreases. 
Figure 6 also shows that at  high water concentration polymerization 
tends to stop, which suggests that preferential adsorption of water 
may take place at surface sites, blocking access  of monomer to the 
active centers on the surface. Consequently R will be seriously 
impaired. The fall in  Fn at  high water content is conventionally 
explained in terms of termination as well as transfer of the growing 
chains by water [ 21. 
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FIG.2. Effect of hydrogen chloride and phosphorus oxychloride on 
R and Pn. [ NVC] = (a), (b), ( c ) ,  (d), (e), and (f) 0.1 mol/L; weight of 
SK-500 = (a), (b), (e ) ,  and (f)  0.028 g; (c) nil; (d) 0.010 g. Solvent, 
benzene; temperature, 30" C. 
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$0 

30 

- 
P, 

!O 

10 

FIG. 6. Effect of sorbed water on R and pn. [ NVC] = (a), (b), 
and (c) 0.1 mol/L; weight of SK-500 = (a) 0.010 g, (b) and (c) 0.028 g. 
Solvent, benzene; temperature, 30" C. 

P 

Alumina and Silica 
Table 1 summarizes the effect of alumina and silica on SK-500 

catalyzed polymerization of NVC. The oxides increase the rate  in 
the order silica > alumina. However, pn decreases consistently 
with increasing alumina content, and rises initially a t  low silica 
content, falling a t  high concentrations of the latter. The increase 
in rate in either instance is consistent with the usual action of these 
oxides as supporters. However, the trend in pn suggests the pres- 
ence of transfer reaction in these systems involving the growing 
carbonium ion chains and exchangeable OH- ions likely to be formed 
through adventitious hydrolysis of these oxides [ 241. 
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POLYMERIZATION OF N-VLNYLCARBAZOLE 487 

TABLE 1. Effect of Alumina and Silica on the SK-500 Catalyzed 
Polymerization of N - Vinylcarbazole” 

b % Alumina b % Silica 
R~ x 105 
(mol/L*s) 

3.70 20.30 
5 - 5.00 9.10 

15 - 5.00 8.03 
50 - 5.00 6.90 

- 2.50 5.00 35.80 
- 5.00 6.60 32.50 

- 15.00 6.10 14.80 

- 50.00 6.60 9.00 

aWeight of SK-500 = 0.028 g and [ NVC] = 0.1 mol/L in all runs. 

bSilica and alumina were mixed mechanically with SK-500 acti- 
Solvent, benzene. Temperature, 30°C. 

vated a t  100°C for 2 h and used in the polymerization. 

Ef  f e c t of P o l y m e r  i z a  t i o  n S o l v e n t  

The aprotonic acid initiated cationic polymerizations of NVC a re  
accelerated when the polymerization solvent is changed from ben- 
zene to nitrobenzene [ 7, 121. Surprisingly, for the present system 
both R and Fn fall  sharply up to 25% nitrobenzene concentration 
and thereafter remain virtually the same up to 100% nitrobenzene 
concentration (volume/volume) in a nitrobenzene-benzene solvent 
mixture (Fig. 7). The solvent dielectric constant progressively 
increases from benzene (100%) to nitrobenzene (100%). 

The trend in  the variation of rate and Fnwith increasing nitro- 
benzene in the solvent indicates that the initiation process must be 
seriously impaired. The solvent molecules are adsorbed, along 
with the monomer molecules, on the catalyst surface. Since nitro- 
benzene is an acceptor, a charge transfer interaction is likely to 
occur between NVC and the nitrobenzene, as actually reported by 
Okamura e t  al. [25]. However, in the absence of any radiation [ 251 
the interaction will be too weak to initiate any polymerization but 
probably sufficient to decrease the 71 -electron density of the vinyl 
double bond. In consequence, the effective monomer concentration 
available for reacting with the Bronsted acid si tes will be reduced, 
more so with increasing nitrobenzene in the medium, to a limiting 
value. 
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488 BISWAS AND MAITY 

100 50 100 
% BENZENE 96 NITROBENZENE 

PERCENT BENZENE - NITRO BENZENE 
IN THE S O L V E N T ( V / v )  

FIG. 7. Effect of nitrobenzene on RD and Pn. [ NVC] = (a), (b) 
0.1 mol/L; weight of SK-500 = (a) and (b) 0.064 g. Temperature, 
30" C. 

T r e n d  i n  Pn 

The variation of F n  has been examined as a function of weight of 
SK-500, NVC] and increasing conversion (Fig. 8). Fn at  limiting 
conversion is found to be independent of all the three parameters. 
This feature is consistent with the behavior of this monomer dur- 
ing polymerizations by aprotonic acids [ 7, 121 with the IBVE-SK- 
500 system [ 21. Fn is also independent of percent conversion o r  
[ SK-5001 but increases with [ IBVE] , attaining a limiting value after 
a threshold monomer concentration. Since P is independent of the 
percentage conversion, termination o r  transfer reactions are impor- 
tant [ 13, 251. The independence of Fn on [ SK-5001 suggests that the 
catalyst does not participate in the chain-breaking mechanism [ 261. 
Finally, the observation that Fn does not depend on [ NVC] in the 

n 
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Weight of S K - 5 0 0 9  O/O Conversion ,,i 0.72 0.pL 0.p6 0.: 50 70 80 
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FIG, 8. Dependence of Fn on [NVC], the weight of SK-500 and 
increasing conversion, [ NVC] = (a) and (c) 0.1 mol/L; weight of SK- 
500 = (b) and (c) 0.028 g. Solvent, benzene; temperature, 30°C. 

entire range up to 0.3 M (rate showing a maximum a t  
NVC) implies that monomer transfer is important a t  low [ NTC] while 
termination [ 261 predominates at [ NVC] beyond - 0.2 M. At 60" C, 
F n  tends to increase with NVC concentration (0.05-0.15-M) and ulti- 
mately falls to a limiting steady value (0.3-0.4 M NVC). -The initial 
increase in pn may be due to an  increase in R 3 0 t h  initiation and 

P 
propagation) which is understood by the fact that Rp a t  60°C is more 
than the rate  a t  30°C. Moreover, under these conditions the monomer 
transfer/termination is seemingly outweighed by spontaneous termina - 
tion. Beyond 0.15 - M NVC, chain breaking by monomer again becomes 
significant. 

0.2 M of 
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490 BISWAS AND MAITY 

TABLE 2. Molecular Weight Distribution by GPCa 

I 
II 
111 

1.2 
1.3 
1.1 

aDetermined in Waters Associates Gel Permeation Chromatograph 

bPolymerization recipe for I, IT and ILI are, respectively: (I) 

through the courtesy of C. A. Barson, Birmingham University, U.K. 
Solvent, THF. Calibration, polystyrene. 

[ NVC] = 0.05 M, SK-500 = 0.064 g (precalcination temperature 100°C); 
(11) [ NVC] = 0 x 9  M, SK-500 = 0,028 g (precalcination temperature 
450°C); and (III) [ EVC] = 0.15 - M, SK-500 = 0.064 g (precalcination 
temperature 250°C). 

M o l e c u l a r  W e i g h t  D i s p e r s i o n  

Table 2 suggests that the value of dispersion as obtained by GPC 
is less  than 1.5 and within the l imits of experimental accuracy, inde- 
pendent of the weight of zeolite, the concentration of NVC, and the 
precalcination temperature. 

R e g e n e r a t i o n  of t h e  C a t a l y s t  

The relative loss  in the catalytic activity of SK-500 following i ts  
use in a single polymerization has been determined to be about 40% 
a t  a precalcination temperature of 600" C. However, further studies 
a r e  in progress in this direction. 

M e c h a n i s m  

The cationic nature of the polymerization of NVC in the presence 
of SK-500 is well endorsed by the decelerating influence of basic 
additives, acceleratory effect of Briinsted and aprotonic acids, and 
water. 

Initiation 
As discussed earlier, the precalcination temperature of the sieve 

appears to determine the nature of the initiating moiety. Accordingly, 
Bransted acid initiation is supposed to occur predominantly on SK-500, 
precalcined up to 200°C, as under 
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POLYMERIZATION OF N-VINYLCARBAZOLE 49 1 

k. H 
RE2'  0' I b - Z e o l +  M RE2+ OH HM+ 

0 Zeol 

On the other hand, at precalcination temperatures of - 200°C, 
initiation involving the adsorption of NVC on the active RE3+ centers 
becomes important and takes place through the interaction of 7r - 
electron clouds of vinyl double bond with RE3+ centers, a process 
similar to what occurs in 3d-metal oxide initiated olymerization 
of vinyl monomers studied by Biswas et al. [ 2'7-297. Schematically, 

+ 
o-zeoi3- R E ~ + - C H ~ - C H X  

where X = carbazole group. 

Propagation 

in contact with the surface by intermolecular interaction [ 121. Con- 
sequently, propagation steps also occur on the zeolite surface. 

The polymer chains initiated at  the zeolite surface would be held 

Termination 
- 
Pn trends indicate that termination by proton detachment is over- 

feature of NVC polymerization by aprotonic and other systems Tical 6, 11, 
weighed by monomer transfer or  termination which is a very t 

13, 141. 

CONCLUSIONS 

The polymerization of NVC by SK-500 molecular sieve proceeds by 
a conventional cationic mechanism. The unique features of the sys- 
tem include deceleration of the rate in nitrobenzene solvent and the 
influence of the precalcination temperature of the catalyst on the 
initiation mechanism. 
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