
 

 

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

Copolymerization Reactivity and Behavior of N-Vinylimidazole with α,β-
Disubstituted Monomers
Jiro Tanakaa; Akira Yamadab

a Department of Engineering, Tokai University, Kanagawa, Japan b The Institute of Physical and
Chemical Research, Saitama, Japan

To cite this Article Tanaka, Jiro and Yamada, Akira(1983) 'Copolymerization Reactivity and Behavior of N-Vinylimidazole
with α,β-Disubstituted Monomers', Journal of Macromolecular Science, Part A, 19: 3, 453 — 471
To link to this Article: DOI: 10.1080/10601328308056527
URL: http://dx.doi.org/10.1080/10601328308056527

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/10.1080/10601328308056527
http://www.informaworld.com/terms-and-conditions-of-access.pdf


J. MACROMOL. SCL-CHEM., A19(3), pp. 453-471 (1983) 

Copolymerization Reactivity and Behavior of 
N-Vinylimidazole with a,/j-Disubstituted Monomers 

JJRO TANAKA 

Department of Engineering 
Tokai University 
Kitakaname, Hiratsuka-shi, Kanagawa 259-12, Japan 

AI(IRA YAMADA 

The Institute of Physical and Chemical Research 
Hirosawa, Wako-shi, Saitama 351, Japan 

A B S T R A C T  

The copolymerization of N-vinylimidazole (NVIm) with 11 dif- 
ferent comonomers was investigated. The monomer reactivity 
ratios of each copolymerization system were determined by the 
Kelen-TUdlls method illustrated in the copolymerization dia- 
grams. Those values were more reliable than those determined 
by the Fineman-Ross method. Alfrey-Price's Q and e values 
for NVIm were given a s  0.128 i 0.003 and -0.879 i 0.038, 
r e  spec t ively, from NVIm -styrene and NV Im- me thy1 me thacrylate 
systems. Those copolymerization parameters suggest that the 
reactivity of NVIm for the growing radical of the comonomer 
was proportional to the Hammett's para-substituent constant for 
substituent of the comonomer and that alkyl fumarates were more 
reactive than alkyl maleates in copolymerization with NVIm. 
Although the charge transfer (CT) interaction between NVIm and 
comonomers with e values greater than 1.8 was observed by the 
spectroscopic "continuous variation method, the CT alternating 
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TANAKA AND YAMADA 

copolymerization mechanism cannot be utilized in this study, a s  
explained in the discussion of the run number, a s  an index of the 
alternating tendency, the copolymer composition, and the rate 
of copolymerization. 

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

Studies on synthetic polymers which show enzyme-like catalytic 
activity are getting much attention in the life science field [ I]. With 
this in view, the imidazole-containing compounds, which a r e  key 
chemical species [ 21 in all  living creatures, a r e  worthy of notice in 
the polymeric catalyst design field. N-Vinylimidazole (NVIm) was 
selected for the above reasons. 

In this study the copolymerization reactivity of NVIm was inves- 
tigated in order to synthesize alternating and random copolymer 
catalysts containing NVIm. Although there a r e  studies [ 3-71 on the 
copolymerization of substituted NVIm with some comonomers, the 
copolymerization reactivity of N V h  has not been investigated sys-  
tematically heretofore and there a re  no reports [ 81 vis-a-vis i ts  
copolymerization parameters. Therefore, the copolymerization of 
NVIm with styrene (St) and methyl methacrylate (MMA) was carr ied 
out in order to determine the copolymerization parameters of NVIm. 
The copolymerization of NVIm with a, P-disubstituted monomers was 
examined in order to increase the functionality of the copolymer 
catalyst from the viewpoint of i ts  polymer design. By evaluating the 
results of the sequence control in the copolymerization of NVIm with 
a, P-disubstituted monomers, the copolymerization conditions for 
the alternating copolymer are made clear. 

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

C h e m i c a l s  

NVIm from BASF was purified by distillation (bp 48.OoC/3 mmHg, 
purity above 99.5%). The other monomers were purified according to 
normal procedure before use, Those purities were more than 99.5% 
confirmed by gas chromatography or  spectroscopy. All solvents were 
purified by distillation. a,@-Azobisisobutyronitrile used a s  an initia- 
tor was recrystallized from methyl alcohol. 

C o p o l y m e r i z a t i o n  

Known amounts of freshly purified monomers, initiator, and sol- 
vent were placed in a Pyrex ampule. After complete evacuation by a 
freeze-thaw technique, the ampule was sealed under reduced pressure.  
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Copolymerization was then carried out at  60 f 0.02" C until conversion 
reached 5%. The copolymers of NVIm were precipitated in a suitable 
nonsolvent, and the copolymers having carboxyl groups were purified 
three times in a solution of distilled water poured into acetone. The 
copolymers of NVIm with a, P-disubstituted comonomers were puri- 
fied similarly from a corresponding alcohol solution of the alkyl 
group of comonomers into diethyl ether. The copolymer containing 
St was precipitated in a mixed solvent of n-hexane/diethyl ether and 
purified three times by precipitation from a toluene/methyl alcohol 
solution poured into the n-hexane/diethyl ether solvent. Since there 
is no solvent for dissolving the copolymers of NVIm with acrylo- 
nitrile (AN) and maleic acid (MA), the former was purified by wash- 
ing in acetone repeatedly and the latter was dissolved in 3% aqueous 
NH OH and then dialyzed using Seamless Cellulose Tubing (pore size: 
24 l)i Union Carbide Co.) in running distilled water for 1 week and 
then the copolymer solution was freezedried. The copolymer com- 
position (molar fraction of monomeric unit) was determined by N 
analysis. The copolymer composition of NVIm with AN was deter- 
mined by the intensity of IR absorption due to the nitrile groups in AN 
units. 

M e a s u r e m e n t s  

In order to study and determine the composition of charge-transfer 
(CT) complexes between NVIm and acceptors (ME.), ultraviolet and 
visible spectra were measured with a Varian Cary-14 spectropho- 
tometer using a continuous variation method [ 91 utilizing a 1-cm 
quartz cell with [NVIm] + [ Mz] = 0.1 mol/L a t  room temperature. 

The number-average molecular weight (mn) of the copolymers 
was determined by the VPO method. 

R E S U L T S  AND DISCUSSION 

C o p o l y m e r i z a t i o n  R e s u l t s  

In order  to study the reactivity and behavior of NVIm, the copolym- 
erization of NVIm with 11 different comonomers with a wide e-value 
range was investigated. Copolymerization was stopped at  low conver- 
sion (less than 5%), i.e., a t  the initial stage of copolymerization. The 
apparent rate constant of copolymerization (R *) is calculated on the 
basis of the concentration of monomer feed, conversion, and copolym- 
erization time. All the copolymerization results including the copoly- 
mer  composition (molar fraction of M2 in the copolymer: [ M 1 ), 
a re  summarized in Table 1. 

R * was low compared to the apparent rate constant of homo- 
polymerization of NVIm (R * = 2.0 X 

P 

2 P  

P 
mol/Lis). The average 
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1 :  
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Q2 

FIG. 1. Logarithmic relationship between R * at [ M2] = 
P 

0.5(R* 
methacrylate, (3) methacrylic acid, (4) acrylic acid, (5)  diethyl 
fumarate, (6) dimethyl fumarate, (7) dimethyl maleate, (8) diethyl 
maleate, (9) fumaric acid, (10) maleic acid, (11) dipropyl fumarate, 
(12) dibutyl fumarate, (13) dipropyl maleate, (14) dibutyl maleate. 

) and Q value of comonomers (Q2). (1) Styrene, (2) methyl p0.5 

molecular weight of the copolymers of NVIm w a s  also low. Those 
results seem to be induced by the chain transfer reaction in a propa- 
gation step. 

in each copolymerization 
system is  related to the Q, value of comonomer (M2)  on a full log- 
arithmic scale as shown in Fig. 1. 

The Q value can be viewed as a term of monomer reactivity in 
Alfrey-Price's Q-e scheme [ 10, 111. The rate  constant (k12) for  the 
reaction of growing NVIm radical (-M,*) with comonomer (M2) is  
given by 

R * a t  [ M ] = 0.5, denoted by R* P 2 P  p0.5' 

In kI2 = In P1 + In Q, - e 1 2  e (1) 
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Thus there is some meaning in the proportional expression be- 
tween In R* and In Q, as shown in Fig. 1, although R * contains 
other rate te rms  such as kll, k12, and k22. As shown in Fig. 1, only 
a ser ies  of copolymerization systems of NVIm with dialkyl maleates 
shows specific copolymerization behavior. If the Q, values reported 
for dialkyl maleates [ 81 a r e  correct, the respective R* p0.5 
be extremely small. However, R* for  dialkyl maleates a re  lo-' - p0.5 
lo- '  times greater than might be expected. The above resu l t s  indi- 
cate that some interaction forces between NVIm and dialkyl maleates 
should accelerate the copolymerization reaction. Unfortunately, such 
interactions could not be found in the measurement by the spectro- 
scopic "continuous variation method" as described below. 

PO. 5 P 

values would 

M o n o m e r  R e a c t i v i t y  R a t i o s  of N V I m  

The monomer reactivity ratios (rl and r2) of each copolymeriza- 
tion system were determined from the copolymerization results 
([ MzIf, which is the molar fraction of M2 in feed, and [ M ] ) as 
shown in Table 1, using the linear graphic method (KT method, Eq. 2 )  
proposed by Kelen and TiidUs [ 121, as follows: 

2 P  

where 

G = F(f - l ) / f ,  H = FZ/f, CY = J H ~ ~ H ~ ~ ~  

To determine the r and r2 values, the Fineman-Ross method (FR 

method, Eq. 3) [ 131 was used: 
1 

G = H r l  - '2 (3) 

The copolymerization results by the KT and FR methods are shown 
in Fig, 2 for the following typical copolymerization systems: (1) 
NVIm-St as the standard monomer in the Q-e scheme, (2) NVIm-MMA 
as the monomer that can be copolymerized with some N-vinyl 
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464 TANAKA AND YAMADA 

monomers, and (3) NVIm-MA as the system that can give the most 
highly alternating copolymer. 

In Fig. 2 the solid lines, which gave the most probable rl and r2, 

were obtained by the least mean square method. The two fine lines 
on either side of the solid were obtained similarly and the width of the  
two fine lines denotes the range of the probable e r rors .  The KT 
equation (Eq. 2 )  can be derived from the FR equation (Eq. 3) in order  
to represent graphically the homogeneous distribution of the experi- 
mental points in the region of 5 = 0-1, utilizing an appropriate (Y 

value, Therefore, the two fine lines in Fig. 2 which a r e  calculated 
by the least mean square method agree well with the lines which 
would be drawn by eye estimation. The monomer reactivity ratios 
calculated by the two methods a re  shown in Table 2. 

mental results should agree with each other within normal e r rors .  
However, with copolymerization systems where r l  >> r2 (or r << 
r2), the KT method presents more probable r and r than does the 

FR method. 

The r l  and r2 values derived by two methods based on the experi- 

1 

1 2 

Q a n d  e V a l u e s  of N V I m  

The Q and e values of NVIm can be calculated from the monomer 
reactivity ratios in the copolymerization with St which in the stand- 
a rd  monomer in the Q-e scheme. Unfortunately, the Q and e values 
of NVIm could not be derived from the monomer reactivity ratios in 
the copolymerization with St because the product of r l  and r2 was 

greater than 1 a s  shown in Table 2. This being the case, the co- 
polymerization of N V h  was carried out with MMA which can be 
copolymerized with a number of N-vinyl monomer [ 81 and which has 
reliable Q and e values. The Q and e values of NVIm were obtained 
using Eqs. (4) and ( 5 )  based on the monomer reactivity ratios from 
the copolymerization of NVIm with St and MMA: 

The subscript numbers in Eqs. ( 4 )  and ( 5 )  correspond to the follow- 
ing monomers: ML, St; M2, NVIm; and M3, MMA. Consequently, 
Q and e values of NVIm were evaluated to be 0.128 f 0.003 and 
-0.879 f 0.038, respectively. These values a re  shown in Table 3 
with those for the other N-vinyl monomers [ 81. 

It is  known that the e value of the vinyl monomer i s  proportional 
to Hammett's para-substituent constants (a ) [ 141. Unfortunately, para 
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TABLE 3. Q and e Values [ 81 of N-Vinyl Monomers 

Monomer 

N-V inylsuccinimide 

3 -Vinyl-2-oxazolidinone 

N-V inylimidazolea 

N-V inyl-2-pyrrolidone 

2 -Me thy1 -N-vinyl imidazole 

N-V inylcarbazole 

2 - Phenyl -N-v inylimidazole 

e 

-0.340 

-0.800 

-0.879 

-1.14 

-1.30 
-1.40 

-1.50 

Q 

0.130 

0.057 
0.128 

0.140 

0.150 

0.410 

0.100 

3 

2 

UN 1 

0 

-1  

FIG. 3. 

0.6 

bQ 
0.4 

0.2 

The relative copolymerization reactivity (log l/r2) of 

growing terminal radical (- M2*) to NVIm vs  e value of comonomers 

(e,) and Hammett's para-substituent constants of comonomers (0 ). 

( I )  Styrene, (2) methyl methacrylate, ( 3 )  methacrylic acid, (4) acrylic 
acid, ( 5 )  acrylonitrile, (6) diethyl fumarate, (7) dimethyl maleate, 
(8) diniethyl fumarate, (9) diethyl maleate, (10) fumaric acid, (11) 
maleic acid. 
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0.3 

0.25 

0.2 

8 

s1 

E m 
P, 0.15 

n 
4 

0.1 

0.05 

n 

1 

3.8 

8 
5 

n 
0.4 * 

0.6 

$ 
ul 

0.2 

- 
0 0.2 0.4 0.6 0.8 1 

FIG. 4. Continuous variation on the absorption spectra of the 
charge transfer complexes of NVIm (MI)-comonomer (M2) : 
[ NVIm + comonomer] = 0.1 mol/L at  23°C. ( 0  ) NVIm-MA in THF 
a t  305 nm, ( o ) NVIm-Manh in methyl alcohol a t  290 nm, ( 0 ) NVIm- 
FN in benzene a t  305 nm, ( 0 ) NVIm-FA in THF at 315 nm. 

this relationship cannot provide the e value in Table 3 because the 
respective apara values a r e  unknown. Only for the N-vinylimidazoles 
do we find that the e value of NVIm with no substituent (upara of H = 0) 
is greater than that of 2-methyl-N-vinylimidazole with a methyl sub- 
stituent (apara of methyl = -0.17) and 2-phenyl-N-vinylimidazole with 
a phenyl substituent (apara of phenyl = -0.01). The result shows that 
the e value of NVIm is suitable for  a ser ies  of substituted N-vinyl- 
imidazoles. 

C o p o l y m e r i z a t i o n  of NVIm 

basis of the copolymerization parameters in Table 2. 
The copolymerization reactivity of NVIm will be discussed on the 
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468 TANAKA AND YAMADA 

Log l/r2, which can denote the relative copolymerization reactiv- 
ity of a growing terminal radical of the comonomer ("M2*) to NVIm 
(MI), was plotted against the e value of each comonomer as  shown 
in Fig. 3. Simultaneously, log l / r  in each system was plotted 
against u 

2 

The relative copolymerization reactivity (log l/r ) is approxi- 
which corresponds to the substituents of M2 in Fig. 3. 

mately proportional to the values of e2 and u These values a re  
the indices concerning the electron density at C=C of the comonomer 
and their large magnitude means a smaller  electron density. Thus 
the results as shown in Fig. 3 denote that the growing chain end 
("M *), having a smaller electron density, reacts  strongly to  the 
NVIm (M1) with the high electron density (as express  as el = -0.879). 

monomer is higher than that of a cis-monomer [ 151. Table 2 shows 
that the ratio of rl values for  h4A/FA was 1.8, the dimethyl MA/FA 
was 26, and the diethyl MA/FA was 6.4. Log l /r l  is representative 
of the relative copolymerization reactivity of M2 toward the growing 
NVIm radical (-NVIm*), so the smaller rl indicates a greater  rela- 
tive copolymerization reactivity of M2 toward -NVIm*. Therefore, 
the relative copolymerization reactivity of fumarates is higher than 
that of maleates. 

para 
2 

para' 

2 

On the other hand, it is known that the reactivity of a trans- 

A l t e r n a t i n g  C o p o l y m e r i z a t i o n  

The CT interaction between two comonomers in the alternating 
co olymerization system have been observed spectroscopically [ 16, 
177. Here the CT interaction between NVIm (M1) and M were 
demonstrated by the spectroscopic "continuous variation method." 
The optical density observed a t  the wavelength assignable to the CT 
interaction was plotted against the molar fraction of M2 in the feed 
(M1 and M2) composition as shown in Fig. 4. 

The CT interaction with a 1:l composition between NVIm (M1) 
and M2 [ F A ,  fumaronitrile (FN), maleic anhydride (Manh) and MA] 
having large e values was observed. The relationship between the 
maximum optical density for  the CT interaction and e2 of M2 is illus- 
trated in Fig. 5. 

CT absorbance appeared for  comonomers with e values greater 
than 1.8, and the CT absorbance increased steeply with increasing 
e2 values. In normal copolymerization a highly alternating sequence 
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100 
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a 70 

60 
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10 

1.2 

1 

0.8 
u 

a 2 
0.6 2 

ul n 
U 

0.4 

I. 2 

1 
- 1  0 1 2 3 

=2 

FIG. 5. e Value of comonomers (e,) vs  run number (R: o ) with 
experimental e r r o r  and absorbance ( ). (1) Styrene, (2 )  methyl 
methacrylate, (3)  methacrylic acid, (4) acrylic acid, (5) acrylonitrile, 
(6) diethyl fumarate, (7 )  dimethyl maleate, (8) dimethyl fumarate, 
(9) diethyl maleate, (10) fumaric acid, (11) maleic acid. 

of copolymers is shown by comonomer combinations having great 
differences between e values [ 10, 111, i.e., e l  >> e2. Furthermore, 
when the C T  alternating copolymerization mechanism occurs in the 
copolymerization reaction, a highly alternating sequence in such 
copolymers results [ 181. Generally, the alternating sequence trend 
in the copolymer can be represented by the run number (R) [ 193 
which is defined from monomer reactivity ratios a s  

In this study, each R value calculated fo r  each copolymerization 
result (Table 2)  was plotted fo r  the respective e2 values a s  shown in 
Fig. 5. The results show that R values increased with increasing e2 
'dues,  and it i s  noticeable that the curve does not show any irregular 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
2
0
:
2
7
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



470 TANAKA AND YAMADA 

variation near e = 1.8 which denotes the cri t ical  point of the appear- 
ance of CT interiction. R i s  described in t e rms  of kinetics through 
monomer reactivity ratios, as in Eq. (6). Therefore, f rom the results 
in Fig. 5 it can be concluded that the spectroscopic CT interaction 
between NVIm and other comonomers does not affect the monomer 
selectivity at  the growing chain end, although some papers have dis- 
cussed the utilization of the alternating copolymerization mechanism 
[ 20-221. In addition, the fact that the apparent optimum rate of co- 
polymerization does not appear at  1:l molar fractions of feed mono- 
mers  explains why this copolymerization system conforms to the 
normal Bernoullian process of monomer selectivity a t  the growing 
chain end, 

A C K N O W L E D G M E N T S  

This study had been done at the Polymer Chemistry Laboratory 
in the Institute of Physical and Chemical Research. The authors 
express  their thanks to M r  T. Tanno for  his helpful discussion. 

R E F E R E N C E S  

[ 11 T. Kunitake and Y. Okahata, "Catalytic Hydrolysis of Synthetic 
Polymers, " in Advances in Polymer Science, Springer, 1976, 
p. 156. 

[ 21 D. M. Blow, J. J. Birktoft, and B. S. Hartley, -- Nature, 221, 
337 (1969). 

[ 31 S. Murahashi, S. Nozakura, A. Umehara, and K. Obata, 
Kobunshi Kagaku, 21, 625 (1964). 

[ 41 K. Matsumoto, M. nhtsuka, K. Takemoto, and M. Imoto, 
Kogyo Kagaku Zasshi, 69, 137 (1966). 

[ 51 C. Aso, T. Kunitake, a s  F. Shimada, J. Polym. Sci., - B6, 467 
(1968). 

[ 61 K. D. Kopple, Biopolymers, 6, 1417 (1968). 
[7] T. Kunitake, F. Shimada, anTC. Aso, J. Am. Chem. SOC., - 91, 

2716 (1969). 
[ 81 J. Brandrup and E. H. b m e r g u t  (eds.), Polymer Handbook, 

2nd ed.. Wilev, New York, 1975. 
[9] P. Job,' Ann. Chim. Phys.,' 9, 113 (1928). 
103 T. Alfrey, Jr., and C. C. Price, J. Polym. Sci., - 2, 101 (1947). 
113 C. C. Price, Ibid., 3, 772 (1948). 
121 T. Kelen and m d T s ,  J .  Macromol. Sci.-Chem., A9, 1 (1975). 

M. FinemanandS. D. Ross, J. Polym. Sci., 5, 259m50). 
J,  Furukawa and T. Tsuruta, Ibid., 36, 275 (i959). 

151 F. M. Lewis and F, R, Mayo, n m r C h e m .  SOC., 70, 1533 
(1948). 

I 
- 

[ 161 W. G.' Barb, Proc. R. SOC., A212, 66 (1952). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
2
0
:
2
7
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



N- V INYL lMIDAZ OLE 

[ 171 D. Booth, F. S. Dainton, and K. J. Ivin, Trans. Faraday SOC., 
55, 1293 (1959). 

[ 181 
SOC., 70, 1544 (1948). 

[ 191 nJ. &wood and W. M. Ritchey, J. Polym. Sci., - B2, 601 
(1964). 

[ 201 E. Tsuchida and T. Tomono, Makromol. Chem., - 141, 265 
(1971). 

471 

Walling, D. Seymour, and K. B. Wolfotirn, J. Am. Chem. 

E. Tsuchida, T. Tomono, and H. Sano, Bid., 151, 245 (1972). - -  
M. Yoshimura, H. Mikawa, and Y. Shirota, Macromolecules, 
8, 713 (1975). - 

Accepted by editor M a y  14, 1982 
Received for publication July 12, 1982 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
2
0
:
2
7
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1


