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

Radical Copolymerizability of Acrylamide Derivatives with Methyl Vinyl

Ketone

Natsuki Yamashita®; Kazuyukiikezawa?; Shin-Ichirou Ayukawa?; Toshihisa Maeshima?®

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

To cite this Article Yamashita, Natsuki , Kazuyukiikezawa, Ayukawa, Shin-Ichirou and Maeshima, Toshihisa(1984)
'Radical Copolymerizability of Acrylamide Derivatives with Methyl Vinyl Ketone', Journal of Macromolecular Science,
Part A, 21: 5, 615 — 629

To link to this Article: DOI: 10.1080/00222338408056576
URL: http://dx.doi.org/10.1080/00222338408056576

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informworld. confterns-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, |oan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, 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/10.1080/00222338408056576
http://www.informaworld.com/terms-and-conditions-of-access.pdf

19: 44 24 January 2011

Downl oaded At:

J. MACROMOL. SCL-CHEM., A21(5), pp. 615-629 (1984)

Radical Copolymerizability of Acrylamide
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Department of Applied Chemistry
Faculty of Science and Engineering
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ABSTRACT

Radical copolymerization of methyl vinyl ketone (MVK, M;) with
acrylamide (AAm) and its derivatives, such as methacrylamide
(MAAm) and N,N' -dimethylacrylamide (DMAAm), was carried
out in dioxane or ethanol using @,a'-azobisisobutylonitrile as the
initiator at 60°C under vacuum. The monomer reactivity ratios
found in dioxane were as follows: r, = 1.06, r» = 6,41 for the
MVK-AAm gystem; r1 = 0.29, rz = 3.05 for the MVK-MAAm sys-
tem; and r; = 0.95, r; = 0.26 for the MVK-DMAAm system. The
r1 and r: values obtained in ethanol were as follows: r., = 0.88,

rz = 1.18 for the MVK-AAm system; and r; = 0.37, rz = 2.04 for
the MVK-MAAm system. Q: and e: values of AAm derivatives

in dioxane were estimated to be 3.03 and 1.04 for MAAm and 2.15
and 1.11 for DMAAm, respectively. The Q: and e; values of
MAAm in ethanol were estimated to be 2.67 and 1.21, 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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INTRODUCTION

Since the solvent effect on radical polymerization was reported by
Tto and Otsu [1], various reports have been made on this study. In
particular, Saini et al. [2] 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 or imidazole [3-5].
An interaction between AL and AAm derivatives was found [6].

On the other hand, the radical copolymerization of AL (M,) with
AAm (M;) was investigated by Schulz et al. [7], and the monomer
reactivity ratios were reported as r; = 1.69 and r; = 0.21. We have
also reported on the free-radical copolymerizabilities of AL (M,)
with methacrylamide (MAAm) and N,N-dimethylacrylamide (DMAAm)
[8]. The monomer reactivity ratios obtained were as follows: r; =
0.62, rz = 0,12 for the AL-MAAm system; r; = 0.95, r» = 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,

EXPERIMENTAL
Materials

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 a,a' -azobisisobutyl-
nitrile (AIBN) for the radical initiator were purified in the usual way.

Polymerization Methods

Free-radical copolymerization of MVK (M;) with AAm derivatives
(M: ) was carried out in dioxane or 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.
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Copolymer compositions were determined by elementary analysis.
The monomer reactivity ratio was determined by the Fineman-Ross
method [9]. These Q-e values were determined by using the Alfrey-
Price equation [10].

Analyses

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-1 spectrophotometer,

RESULT AND DISCUSSION

Copolymerization Results of MVK-AAm System

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

The IR spectra of the copolymers (Fig. 1, ¢ and c¢') have several
characteristic absorption bands [5] of poly-MVK: —CH;— chain at
3000-2890 em™! and >C=0 group at 1710-1680 em™ !, The absorption
bands of the -CONH; (amide I) group of the AAm unit were also ob-
served at 1660 cm™'.

The monomer reactivity ratio was determined from Fineman-Ross
plots (Figs. 2 and 3), These monomer-copolymer composition curves
are 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.

Copolymerization Results of MVK-MAAm System

Radical copolymerizations of MVK (M;) with MAAm (M) 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
are constituted of the polymer units of MVK (3000-2850, 1700, 1350
em” ') and MAAm (1650 em™?).

The r; and r; values were obtained from the results of Fineman-
Ross plots (Figs. 6 and 7)., Monomer-copolymer composition curves
are shown in Fig. 8, These results indicate solvent effects on radical
polymerization.
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FIG. 1. IR spectra 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.
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FIG. 2. Fineman-Ross plot of copolymerization of MVK (M,) with

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

AAm (in ethanol).
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FIG. 4. Monomer-copolymer composition curves of copolymeriza-

tion of MVK (M:) with AAm (a, in dioxane; b, in ethanol).
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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'), and MVK-MAAm copolymer in ethanol.
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FIG. 6. Fineman-Ross plot of copolymerization of MVK (M, ) with
MAAm (in dioxane).
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FIG. 7. Fineman-Ross plots of copolymerization of MVK {M,)
with MAAm (in ethanol).
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FIG. 8. Monomer-copolymer composition curves of copolymeriza-
tion of MVK (M;) with MAAm (a, in dioxane; b, in ethanol).

Copolymerization Results of MVK-DMAAmMm System

Copolymerizations of MVK (M, ) with DMAAm were carried out in
dioxane at 60°C (Table 5). These copolymers are insoluble in ethanol.

The IR spectra of the copolymer (Fig. 9) have characteristic absorp-
tion bands that depend on MVK (2870, 1700, 1350 cm™ ') and DMAAm
(1610 em™ 1),

The Fineman-Ross plots and the monomer-copolymer composition
curves are shown in Figs. 10 and 11, respectively.
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FIG. 9. IR spectra of poly-MVK (a), poly-DMAAm (b), and MVK-
DMAAm copolymer (c) in dioxane.
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FIG. 10. Fineman-Ross plot of copolymerization of MVK (M,)

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

Copolymerization Parameters

The copolymerization parameters of these results are 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 or monomer-polymer
on interaction [8]. The high values of rir» 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, it 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 et al. {2]. The result of our study may also be ex-
plained by a displacement of the following equilibrium:

CH =CH—|C—NH2 ~—== CH,=CH-C-NH, Prem— CH2=CH—(IZ=NH

2
6] © OH

brought about by solvents with different dielectric constants and
polarities.
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TABLE 6. Copolymerization Parameters (by AIBN)

M, M: Q: €2 r; Ia rirp
AL? AAmY 1.18 .30 169  0.21  0.35
MAAmM® 0.59 -0.88 0.62 0.12 0.07
DAAm® 0.53 -0.54 0.95 0.26 0.25
MVKP AAm - - .06  6.41  6.79
MAAm 3.03 1.04 0.29  3.05  0.88
DAAm 2.15 1.11 0.95  0.26  0.83
MVK,, AAm - - 0.88 1.18 1.04
MAAm 2.617 1.21 3.37  2.04  0.76

3In DMF at 50°C.

cIn dioxane at 60°C.
In ethanol at 60°C.

dData by Schulz et al. [7].
By our unpublished data [8].
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