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Radical Copolymerizability of Acrylamide 
Derivatives with Methyl Vinyl Ketone 

NATSUKI YAMASHITA, KAZWUKI IKEZAWA, 
SHIN-ICHIROU AYUKAWA, and TOSHIHISA MAESHIMA 

Department of Applied Chemistry 
Faculty of Science and Engineering 
Kinki University 
Kowakae, Higashi-Osaka, 577 Japan 

A B S T R A C T  

Radical copolymerization of methyl vinyl ketone (MVK, MI ) with 
acrylamide ( AAm) and its derivatives, such as methacrylamide 
(MAAm) and N,N' -dimethylacrylamide (DMAAm), was carr ied 
out in dioxane or  ethanol using a,a'-azobisisobutylonitrile as the 
initiator at 60°C under vacuum. The monomer reactivity ratios 
found in dioxane were as follows: rl = 1.06, r2 = 6.41 for  the 
MVK-AAm system; rl = 0.29, rr = 3.05 for  the MVK-MAAm sys- 
tem; and rl = 0.95, ry = 0.26 for  the MVK-DMAAm system. The 
rl and rz values obtained in ethanol were as follows: rl = 0.88, 
rz = 1.18 for  the MVK-AAm system; and r1 = 0.37, rz = 2.04 for  
the MVK-MAAm system. QZ and ez values of AAm derivatives 
in dioxane were estimated t o  be 3.03 and 1.04 for MAAm and 2.15 
and 1.11 for  DMAAm, respectively. The QZ and ez values of 
MAAm in ethanol were estimated to be 2.67 and 1.2 1, respectively. 
Based on these results,  the alternating copolymerizability depends 
on the interaction of monomer-monomer, and the strong solvent 
effect depends on the radical copolymerization of the AAm de- 
rivatives. 
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6 16 YAMASHITA ET AL. 

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

Since the solvent effect on radical polymerization was reported by 
Ito and Otsu [ 11 , various reports have been made on this study. In 
particular, Saini e t  al. [21 found the solvent effect on radical copolym- 
erization of acrylamide ( AAm) with styrene and methyl methacrylate. 

We have investigated the anionic polymerizability of acrolein (AL), 
methyl vinyl ketone (MVK), methyl methacrylate, and several AAm 
derivatives induced by a pyridine-water mixture o r  imidazole [3-51. 
An interaction between AL and AAm derivatives was found [6]. 

On the other hand, the radical copolymerization of AL ( M I )  with 
AAm (Mz ) was investigated by Schulz et al. [71, and the monomer 
reactivity ratios were reported as rl = 1.69 and r2 = 0.21. We have 
also reported on the free-radical copolymerizabilities of AL ( M1) 
with methacrylamide ( MAAm) and N,N-dimethylacrylamide ( DMAAm) 
[a]. The monomer reactivity ratios obtained were as follows: rl = 
0.62, r 2  = 0.12 for  the AL-MAAm system; rl = 0.95, r 2  = 0.26 for the 
AL-DMAAm system. All  of these values indicate alternating copolym- 
erizability. These facts also suggest the presence of an interaction 
between AL and AAm derivatives, in analogy with the results on anionic 
copolymerization. 

This investigation was performed to reveal the radical copolymer- 
izability of methyl vinyl ketone with AAm derivatives. 

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

M a t e  r i a l s  

Methyl vinyl ketone (MVK) was prepared in the manner described 
in a previous article [5]. AAm and MAAm were purified by recrystal- 
lization from benzene. DMAAm was purified by distillation. Dioxane 
and ethanol for the polymerization solvent and Q,Q’ -azobisisobutyl- 
nitrile (AIBN) for the radical initiator were purified in the usual way. 

P o l y m e r i z a t i o n  M e t h o d s  

Free-radical copolymerization of MVK ( M I )  with AAm derivatives 
(Mz 1 was carried out in dioxane o r  ethanol by using AIBN at 60°C in a 
sealed tube. The required amounts of the monomers, the initiator, 
and the solvent were placed into the tube. The tube was sealed after 
degassing by repeated freezing and thawing cycles. Copolymerization 
was stopped below 10% conversion. The reaction mixture was poured 
into a large amount of precipitant, and the precipitate was filtered off 
and dried in vacuo to constant weight. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
4
4
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



ACRYLAMIDE DERIVATIVES 6 17 

Copolymer compositions were determined by elementary analysis. 
The monomer reactivity ratio was determined by the Fineman-Ross 
method [91. These Q-e values were determined by using the Alfrey- 
Pr ice  equation [ 103. 

A n a l y s e s  

The elementary analysis of copolymers was estimated with a 
Yanagimoto CHN Corder MT-2. Infrared (IR) spectroscopy was mea- 
sured with a KBr disk using a Nihonbunkou IRA- l spectrophotometer. 

R E S U L T  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  of M V K - A A m  S y s t e m  

Radical copolymerizations of MVK (MI) with AAm (Mz ) were car- 
ried out in dioxane and ethanol at 60°C (Tables 1 and 2). These poly- 
mers ,  obtained as white powders, were soluble in formic acid and di- 
methylsulfoxide. 

The IR spectra of the copolymers (Fig. 1, c and c ' )  have several 
characteristic absorption bands [ 51 of poly-MVK: -CH2 - chain at 
3000-2890 cm-' and7C=O group at 1710-1690 cm-l.  The absorption 
bands of the -CONH2 (amide I) group of the AAm unit were also ob- 
served at 1660 cm-l.  

plots (Figs. 2 and 3). These monomer-copolymer composition curves 
a re  summarized in Fig. 4. In Fig. 4 the experimental values agree 
well with the calculated curve. It is interesting to note that a differ- 
ence between dioxane and ethanol is clear in the copolymerization 
curves. The experimental data show a strong influence of the solvents 
on these copolymerizations. 

The monomer reactivity ratio was determined from Fineman-Ross 

C o p o l y m e r i z a t i o n  R e s u l t s  of M V K - M A A m  S y s t e m  

Radical copolymerizations of MVK (Ml)  with MAAm (Mz ) were car- 
ried out in dioxane and ethanol (Tables 3 and 4). The IR spectra for the 
MVK-MAAm system is shown in Fig. 5. They show that the copolymers 
a re  constituted of the polymer units of MVK (3000-2850, 1700, 1350 
cm-') and MAAm (1650 cm-l). 

The rl and rz values were obtained from the results of Fineman- 
Ross plots (Figs. 6 and 7). Monomer-copolymer composition curves 
a re  shown in Fig. 8. These results indicate solvent effects on radical 
polymerization. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
4
4
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



T
A

B
L

E
 1
. 

C
op

ol
ym

er
iz

at
io

n"
 R

es
ul

ts
 o
f 

M
V

K
 (

M
1)

 w
it

h 
A

A
m

 (
in

 d
io

xa
ne

) 

E
le

m
en

ta
ry

 a
na

ly
si

s 
(%

) 
C

ha
rg

ed
 c

om
po

si
ti

on
 

P
ol

ym
er

iz
at

io
n 

C
on

ve
rs

io
n 

In
co

rp
or

at
ed

 r
at

io
 

M
V
K
 (m

ol
%

) 
ti

m
e 

(m
in

) 
(%

I 
C

 
H

 
N

 
of

 M
V

K
 (

m
ol

%
) 

10
0 

26
 

7.
4 

67
.4
3 

8.
88
 

0.
00
 

10
0 

80
 

30
 

10
.1
 

63
.5
6 

8.
61
 

3.
55
 

67
 

60
 

14
 

8.
1 

56
.1
8 

7.
67
 

9.
26
 

32
 

50
 

40
 

12
 

10
 

8.
2 

54
.1
8 

7.
50
 

11
.4
5 

22
 

7.
6 

52
.3
4 

7.
39
 

13
.4
5 

14
 

20
 

6 
6.
5 

48
.0
2 

7.
27
 

15
.5
3 

7 

0 
4 

6.
7 

46
.4
2 

7.
33
 

17
.3
3 

0 

C
op

ol
ym

er
iz

at
io

n 
co

nd
it

io
ns

: 
T

ot
al

 m
on

om
er

s,
 1
.8
0 

m
ol

/L
; 

A
IB

N
, m

on
om

er
/1

00
; 

so
lv

en
t,

 d
io

xa
ne

; 
60
°C
. 

a 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
4
4
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



T
A

B
L

E
 2
. 

C
op

ol
ym

er
iz

at
io

na
 R

es
ul

ts
 o
f 

M
V

K
 (
M
I
)
 

w
ith

 A
A

m
 (

in
 d

io
xa

ne
) 

m
 

U
 

M
 

E
le

m
en

ta
ry

 a
na

ly
si

s 
(%

) 
C

ha
rg

ed
 c

om
po

si
ti

on
 

P
ol

ym
er

iz
at

io
n 

C
on

ve
rs

io
n 

In
co

rp
or

at
ed

 r
at

io
 

M
V

K
 (

m
ol

8)
 

ti
m

e 
(m

in
) 

(
8
)
 

C
 

H
 

N
 

of
 M

V
K

 (
m

ol
8)

 
c >

 
10
0 

36
 

7.
6 

67
.9
5 

8.
64
 

0.
00
 

10
0 

3 M
 

rn
 

ao
 

32
 

8.
1 

65
.2
7 

8.
40
 

2.
35
 

78
 

60
 

28
 

7.
9 

62
.1
0 

8.
44
 

5.
31
 

55
 

50
 

24
 

5.
6 

59
.7
2 

7.
88
 

7.
13
 

44
 

40
 

20
 

4.
3 

57
.8
2 

7.
87
 

8.
55
 

37
 

20
 

6 
1.5
 

51
.8
6 

7.
26
 

12
.2
6 

20
 

0 
3 

6.
7 

47
.1
6 

6.
82
 

18
.4
3 

0 

C
op

ol
ym

er
iz

at
io

n 
co

nd
it

io
ns

: 
T

ot
al

 m
on

om
er

s,
 1
.8
0 

m
ol

/L
; 

A
IB

N
, 

m
on

om
er

/1
00

; 
so

lv
en

t,
 e

th
an

ol
; 

60
°C

. 
a 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
4
4
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



Wavenumber (x 10'1 cm-' ) 

FIG. 1. IR spec t r a  of poly-MVK (a), poly-AAm (b), and MVK-AAm 
copolymer (c )  in dioxane; and of poly-MVK (a') ,  poly-AAm (b ' ) ,  and 
MVK-AAm copolymer in ethanol. 

FIG. 2. Fineman-Ross plot of copolymerization of MVK ( M I )  with 
AAm (in dioxane). 
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FIG. 3. Fineman-Ross plot of copolymerization of MVK 
AAm (in ethanol). 

FIG. 3. Fineman-Ross plot of copolymerization of MVK 
AAm (in ethanol). 

0 50 100 

[M 1 in m o n o m e r  (mol%) 1 

with 

FIG. 4. Monomer-copolymer composition curves of copolymeriza- 
tion of MVK (MI) with AAm (a, in dioxane; b, in ethanol). 
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Wavenumber ( x  l o 2 /  cm.') 

FIG. 5. IR spectra of poly-MVK (a),  poly-MAAm (b), and MVK- 
MAAm copolymer (c)  in dioxane; and of poly-MVK (a' ), poly-MAAm 
(b' 1, and MVK-MAAm copolymer in ethanol. 

F 2 / f  

- 2 t  
FIG. 6. Fineman-Ross plot of copolymerization of MVK (MI)  with 

MAAm (in dioxane). 
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F 2 / f  
-3  t 

FIG. 7. Fineman-Ross plots of copolymerization of MVK (MI)  
with MAAm (in ethanol). 

0 5 0  100 
[M1l in monomer ( m o l % )  

FIG. 8. Monomer-copolymer composition curves of copolymeriza- 
tion of MVK ( M I )  with MAAm (a, in dioxane; b, in ethanol). 

C o r , o l v m e r i z a t i o n  R e s u l t s  of  MVK-DMAAm S v s t e m  

Copolymerizations of MVK (MI)  with DMAAm were carried out in 

The IR spectra of the copolymer (Fig. 9) have characteristic absorp- 
dioxane at 60°C (Table 5). These copolymers are insoluble in ethanol. 

tion bands that depend on MVK (2870, 1700, 1350 cm-') and DMAAm 
(1610 cm-'). 

curves are shown in Figs. 10 and 11, respectively. 
The Fineman-Ross plots and the monomer-copolymer composition 
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I 1 I I I 
30 20 15 10 5 

Wavenumber ( x  102 / cm.') 

FIG. 9. IR spectra of poly-MVK (a), poly-DMAAm (b), and MVK- 
DMAAm copolymer ( c )  in dioxane. 

3 t  

Iv r ,  = 0.95 

r2 = 0.26 

F2 /f 
- 3  t 

FIG. 10. Fineman-Ross plot of copolymerization of MVK ( M I )  
with DMAAm (in dioxane). 
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0 50  100 

[M ] in monomer (mol%) 1 

FIG. 11. Monomer-copolymer composition curve of copolymeriza- 
tion of MVK ( M I  ) with DMAAm (in dioxane). 

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

The copolymerization parameters of these results a re  summarized 
in Table 6, together with the parameters of the AL-AAm derived co- 
polymerization system from a previous report [8]. In these results 
the alternating copolymerizability is clearly indicated for the AL- AAm 
derived copolymerization system. These interesting results may be 
explained by the effects of monomer-monomer o r  monomer-polymer 
on interaction [8]. The high values of rlrz in for MVK-AAm derived 
systems indicate a low tendency of the monomers to alternate. There- 
fore, the interaction between MVK and AAm derivatives may be absent 
in radical copolymerization. On the other hand, i t  is interesting to 
note that the effect of solvent in this study was  clearly found. Such 
strong solvent effects on the radical copolymerization of AAm has been 
reported by Saini e t  al. [2]. The result of our study may also be ex- 
plained by a displacement of the following equilibrium: 

1 0 + CH2'CH-C-NH2 CH =CH-C=NH 
2 1  @A OH 

brought about by solvents with different dielectric constants and 
polarities. 
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TABLE 6. Copolymerization P a r a m e t e r s  (by AIBN) 

ALa AAmd 
MAAme 

DAAme 

M V K ~  AAm 
MAAm 

DAAm 

MVKc AAm 

MAAm 

1.18 
0.59 
0.53 

- 
3.03 
2.15 

- 
2.67 

1.30 
-0.88 
-0.54 

- 
1.04 
1. 11 

- 
1.21 

1.69 0.21 0.35 
0.62 0.12 0.07 

0.95 0.26 0.25 

1.06 6.41 6.79 
0.29 3.05 0.88 
0.95 0.26 0.83 

? 

0.88 1.18 1.04 
3.37 2.04 0.76 

DMF at 50°C. 
dioxane at 60°C. 

In ethanol at 60°C. C 

dData by Schulz et al. [7]. 
eBy our  unpublished data [81. 
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