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Dispersion Polymerization of N-Vinylformamide in Polar Media.
Preparation of Monodisperse Hydrophilic Polymer Particles
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ABSTRACT:

Dispersion polymerization of N-vinylformamide (NVF) in polar media has been

performed using poly(2-ethyl-2-oxazoline) as stabilizer. The polymerization in methanol gave
micron-size monodisperse particles of highly hydrophilic polymers. Particle size increased as the
stabilizer concentration decreased. Effects of the monomer concentration and the solvent
composition upon the particle size and size distribution have been examined. The polymerization
in the presence of a divinyl compound afforded crosslinking polymer particles. In using a hydrophilic
poly(2-methyl-2-oxazoline) macromonomer bearing polymerizable styryl group instead of
poly(2-ethyl-2-oxazoline), monodisperse polymer particles in the sub-micron range were obtained.
The macromonomer acted as a stabilizer as well as a comonomer. The substituent of the

macromonomer affected the particle size.
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Monodisperse polymer particles in the
micron range have much potential for novel
functional beads in technical and biomedical
fields. Several methodologies for preparation
of such particles are known.!'> Among them,
dispersion polymerization in polar media has
been often used because of the varsatility and
simplicity of process. So far, the dispersion
polymerizations of hydrophobic monomers
such as styrene (St) and methyl methacrylate
(MMA) have been extensively investigated and
the particle size can be controlled by changing
polymerization parameters.>~®

Poly(vinylamine) (PVAm) is a polyamine
possessing primary amino group directly link-
ed to the backbone. PVAm is industrially
employed as chelating and agglomerating
agents and in laboratories often used as a
prepolymer for preparation of functional
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polymers. The first synthesis of PVAm has been
achieved by polymerization of N-vinylphthal-
imide followed by treatment with hydrazine.®
Recently, highly pure PVAm has been prepared
with development of precursor synthesis;
radical polymerization of N-vinylformamide
(NVF) followed by acidic or basic hydrolysis
afforded PVAm.!%!! So far, polymerizability
of NVF and functionalization of polymers
based on NVF have not been reported. Very
recently, we have succeeded in preparation of
monodisperse PNVF particles by dispersion
polymerization in methanol.'> Among hydro-
philic polymers examined for the stabilizer of
the dispersion polymerization, poly(2-ethyl-2-
oxazoline) (PEtOZO) and styryl-type poly(2-
methyl-2-oxazoline) macromonomer la were
found to be effective as a stabilizer for prep-
aration of monodisperse PNVF particles. The
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present paper describes comprehensive results
of the dispersion polymerization of NVF in
" polar media using PEtOZO and poly(2-alkyl-
2-oxazoline) macromonomers la—c as sta-

bilizer.
/®\CH2—<T0H20H29;

C
rR” Yo
la: R=Me,

1b: R=Et,
1c: R=iso-Pr,

M,,=4800
M,,=3500
M, =4200

EXPERIMENTAL

Materials

NVF was supplied from Mitsubishi Kasei
Co., Tokyo and purified by distillation.
PEtOZO was purchased from Polyscience Co.
Poly(2-alkyl-2-oxazoline) macromonomers
were prepared according to the literature.!3
Other reagents and solvents were commercial
products and purified in a usual manner.

Dispersion Polymerization of NVF

The polymerization was performed as
follows; a mixture of NVF, stabilizer, and
2,2-azobis(2,4-dimethylvaleronitrile) in a sol-
vent were heated at 56°C for 24 h under argon
with shaking (150 shakings per.min). After
removal of coagulum from the stable dispersion
by filtration, the resulting particles were
separated by centrifugation.

Measurements

Scanning electron micrographic (SEM)
analysis was carried out on a Hitachi H-8010
electron microscope. Gel permeation chroma-
tographic (GPC) analysis was performed by
using a Toso SC8010 apparatus with a
refractive-index (RI) detector under the follow-
ing conditions: Gelpack GL-A130 column and
chloroform eluent at a flow rate of 1.0ml
min~1!,
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RESULTS AND DISCUSSION

Effect of Stabilizer Concentration on Particle
Size

PEtOZO was reported to be an effective
stabilizer for the preparation of micron-size
monodisperse PSt or PMMA particles by dis-
persion polymerizations in polar media.8-1415

-At first, the dispersion polymerization of NVF

in methanol was performed by using PEtOZO
as a stabilizer. In most cases, stable dispersion
was obtained and the yield of the resulting
particles was quantitative. The particles were
analyzed by scanning electron micrograph
(SEM).

The effect of PEtOZO concentration on the
particle size and size distribution is shown in
Figure 1. When the concentration was higher
than 10 wt% for NVF, relatively monodisperse
particles in micron range were obtained. The
particle size decreased with increasing the
stabilizer concentration, indicating that the
stabilizer of higher concentration stabilized the
particles more efficiently to produce smaller
monodisperse polymer particles. In the con-
centration of 5 wt%, stable dispersion was not
obtained and the size distribution became
broader (D,=1.5luym, D,/D,=1.22) (not
shown in Figure 1), suggesting that mono-
disperse particles are not obtained in the NVF
concentration of less than Swt%.
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Figure 1. Effect of the concentration of PEtOZO on the
size and size distribution of the particles prepared by using
10wt% of NVF for the total in methanol.
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Effect of Monomer Concentration

In case of dispersion polymerizations, the
monomer concentration often affects the size
and size distribution of the resulting particles
since the monomer is a part of the initial solvent
system. It was reported that the particle size
increased as the monomer concentration
increased and the size distribution becomes
broader at high monomer concentration in the
dispersion polymerization of hydrophobic
monomers such as styrene and MMA in polar
media.”’® This is due to the decrease of
hydrophilicity of the solvent with increasing
the concentration of the hydrophobic mono-
mer.

Figure 2 shows the effect of NVF concentra-
tion on the size and size distribution of the
particles. It is to be noted that relatively
monodisperse particles of almost the same
diameter were obtained between 10wt% and
30 wt% of NVF concentration, which behavior
was different from that of the dispersion
polymerization of hydrophobic monomers in
polar media.”"® This is probably because the
hydrophilicity of NVF is similar to that of
methanol, and hence, during the polymeriza-
tion the hydrophilicity of the initial reaction
system hardly changes in the range of the
monomer concentrations examined.

Effect of Solvent
Control of the particle size and size
distribution is readily achieved by changing the
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Figure 2. Effect of the concentration of NVF for the total
on the size and size distribution of the particles prepared
by using 20 wt% of PEtOZO for NVF in methanol.
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solvent composition in the dispersion polym-
erization of styrene.>~’ In order to examine
the solvent effect on the particle size, the
polymerization was performed in various
hydrophilic solvents, i.e., ethanol, DMF,
N-methylpyrrolidone, and ethylene glycol, and
so on. In these solvents, polydisperse particles
were obtained or no particle formation was
observed.

Then, the dispersion polymerization in a
mixed solvent containing methanol was inves-
tigated. The polymerization results in a mixed
solvent between methanol and ethanol are
shown in Figure 3. In all cases, a stable
dispersion was obtained quantitatively. As the
content of ethanol increased, the particle
diameter decreased. Monodisperse particles
were obtained by the polymerization in 25 and
50 wt% ethanol. In the mixed solvent contain-
ing 75wt% ethanol, the size distributicn
became broader. The polymerization in metha-
nol/N-methylpyrrolidone (70:30wt%) gave
monodisperse particles and their average size
was smaller than that obtained by the polymer-
ization in methanol (D,=1.1, D,/D,=1.01).
The polymerization in a mixture of methanol
and DMF did not afford monodisperse parti-
cles.

Dispersion Polymerization in the Presence of
Crosslinking Monomer
Hydrogels possess high water-absorbability
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Figure 3. Effect of the solvent composition on the size
and size distribution of the particles prepared by using
10 wt% of NVF for the total and 20 wt% of PEtOZO for
NVF.

Polym. J., Vol. 26, No. 7, 1994



Dispersion Polymerization of N-Vinylformamide

Dispersion polymerization of NVF in the presence of crosslinking monomer®

Table 1.
Entry Crosslinkir:’g Conen
monomer
wt%
1 MBAAm 0.5
2 MBAAm 1
3 MBAAmM 3
4 MBAAmM 5
5 EGDMA 0.5
6 EGDMA 1
7 EGDMA 3
8 DVB 1
9 DVB 3
10 — —

Yield D,¢
— D,/D,?
% pum
95 0.62 1.05
98 0.51 1.02
98 0.57 1.03
98 0.72 1.05
96 1.37 1.02
92 1.38 1.02
92 1.34 1.04
100 0.94 [.12
92 0.48 1.29
95 1.28 1.02

methanol.

¢ Based on NVF.
¢ Determined by SEM.

and -preservability and are industrically
utilized for various purposes. Recently, hydro-
gel microsphere containing mainly highly
hydrophilic polymer was synthesized by a
precipitation polymerization of acrylamide in
the presence of N,N’-methylenebisacrylamide
(MBAAm) and methacrylic acid.'®!” This
hydrogel microsphere has large surface area
and is expected to broaden the applications of
hydrogels.

The dispersion polymerization of NVF in the
presence of crosslinking monomers was per-
formed to produce novel hydrogel micro-
sphere. The crosslinking monomers used were
divinyl compounds; MBAAm, ethylene glycol
dimethacrylate (EGDMA), and divinylbenzene
(DVB). Polymerization results are shown in
Table I. In all cases examined, the hydrogel
microsphere was obtained quantitatively. The
copolymerization of NVF with MBAAm and
EGDMA afforded relatively monodisperse
particles (entries 1—7). The diameter of the
particles obtained by MBAAm was much
smaller that without a crosslinking monomer
(entries 1—4 and 10). On the other hand, the
polymerization of NVF in the presence of
EGDMA produced larger particles compar-
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Dispersion polymerization of NVF with 10wt% for the total amount using PEtOZO of 20 wt% for NVF in

MBAAm, N,N’-methylenebisacrylamide; EDGMA, ethylene glycol dimethacrylate; DVB, divinylbenzene.

able with the polymerization without a
crosslinking monomer (entries 5—7 and 10).
In case of the polymerization using MBAAm
or EGDMA, the effect of the concentration of
the divinyl compound was small; the particle
size was almost the same in the range of the
concentration examined. Monodisperse hydro-
gel microsphere was not obtained by the
polymerization in the presence of DVB (entries
8 and 9). This may be due to the difference of
radical polymerizability between NVF and the
crosslinking monomers.

Particle Growth

In order to investigate the mechanism of
monodisperse PNVF particle formation in the
present dispersion polymerization, instanta-
neous yield and size of the particles were
measured by using 20 wt% of PEtOZO. Fig-
ure 4 shows time—polymer yield curve. The
polymer yield gradually increased and after 8 h
the yield was beyond 80%. The polymerization
rate was larger than that of conventional
solution polymerizations. In case of the
dispersion polymerization of styrene in an
aqueous ethanol solution or the dispersion
polymerization of MMA in an aqueous
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Figure 4. Time-particle yield curve in the dispersion
polymerization using 10wt% of NVF for the total and
20 wt% of PEtOZO for NVF in methanol.
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Figure 5. Relationships between particle yield and
volume in the dispersion polymerization using 10 wt% of
NVF for the total and 20 wt% of PEtOZO for NVF in
methanol.

methanol solution, the polymerization was
‘highly accelerated in the initial stage.®'!> This
would be due to the gel effect. On the other
hand, such a behavior was not observed in the
present polymerization.

The volume of the resulting particles
increased linearly with the particle yield in the
present system (Figure 5), indicating that the
nucleation takes place at an early stage of the
dispersion polymerization, followed by growth
of the nuclei without formation of new particles
to afford monodisperse polymer particles. This
behavior was also observed in the dispersion
polymerization of styrene or MMA in polar
media.>'® Therefore, the formation mecha-
nism for monodisperse PNVF particles is the
same as that for hydrophobic polymer particles
in the dispersion polymerization.
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Figure 6. Effect of the substituent and concentration of
macromonomer 1 in the dispersion copolymerization using
10 wt% of NVF for the total in methanol.

Dispersion Copolymerization with Poly(2-0x-
azoline) Macromonomer

Recently we have reported preparation of
monodisperse polymer particles in micron
range by a dispersion copolymerization of
MMA or styrene with hydrophilic poly(2-
oxazoline) macromonomer.*8 2% The macro-
monomer acted as a stabilizer as well as a
comonomer, and hence, the stabilizer chains
were chemically fixed on the particle size.
Therefore, the concentration of the macro-
monomer, necessary for the preparation of
monodisperse particles, was much lower than
that of a homopolymer-type stabilizer. In this
study, hydrophilic poly(2-alkyl-2-oxazoline)
macromonomers la—c bearing a polymeriz-
able styryl group were employed as a stabilizer
of the dispersion polymerization.

Figure 6 shows effects of substituent of
poly(2-oxazoline) in 1 and the concentration
of 1 upon the particle size. As the concentration
of 1 increased, the particle diameter decreased.
When the same concentration of the macro-
monomer was used, the size of the particles
prepared by using la was larger than that by
1b or 1c¢, and the diameter of the particles by
1b was almost the same as that by lc. In the
range of 1a concentration from 0.5 to 2wt%,
monodisperse particles (D,,/D,=1.01—1.03)
were obtained. As shown in Figure 1, more
than 10 wt% of homopolymer-type stabilizer
is necessary for the preparation of such.
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particles. On the other hand, a very small
concentration is enough to produce mono-
disperse PNVF particles in the present
dispersion copolymerization system. These
data indicate- that the macromonomer acted
as a very efficient stabilizer. However, the
dispersion copolymerization using 1b or 1c
gave polydisperse particles (D,,/D,=1.05—
1.20) in the sub-micron range. A poly(2-alkyl-
2-oxazoline) is well known to become hydro-
philic or hydrophobic by changing the alkyl
group.?! Among the macromonomers used in
this study, 1a is more hydrophilic than 1b and
1c. These data imply that a higher hydrophilic
macromonomer stabilizes polymer particles
more effectively to produce particles with
narrower dispersity. A similar phenomenon is
observed in the dispersion copolymerization of
MMA with poly(2-oxazoline) macromono-
mer 1.18

CONCLUSION

The dispersion polymerization of NVF in
polar media using PEtOZO as stabilizer
produced highly hydrophilic polymer parti-
cles in the micron range with narrow size
distribution. Particle size was controlled by
changing polymerization parameters, the con-
centration of stabilizer and the solvent
composition. The dispersion copolymerization
with poly(2-methyl-2-oxazoline) macromono-
mer also monodisperse particles. The con-
centration necessary for the preparation of
such particles was much lower than that by
using PEtOZO stabilizer.

Acknowledgements. We acknowledge the
gift of NVF from Mitsubishi Kasei Co., Tokyo.
This work was partly supported by a
Grant-in-Aid for Scientific Research (No.

Polym. J., Vol. 26, No. 7, 1994

05555249) from the Ministry of Education,
Science, and Culture of Japan.

REFERENCES AND NOTES

—

R. Arshady, J. Microencapsulation, 5, 101 (1988).
R. Arshady, Colloid Polym. Sci., 270, 717 (1992).
Y. Almog, S. Reich, and S. Levy, Br. Polym. J., 14,
131 (1982).

4. K. P. Lok and C. K. Ober, Can. J. Chem., 63, 209
(1985).

5. C. M. Tseng, Y. Y. Lu, M. S. El-Aasser, and J. W.
Vanderhoff, J. Polym. Sci., Polym. Chem. Ed., 24,
2995 (1986).

6. M. Okubo, K. Ikegami, and Y. Yamamoto, Colloid
Polym. Sci., 267, 193 (1989).

7. A. J. Paine, W. Luymes, and J.
Macromolecules, 23, 3104 (1990).

8. S. Kobayashi, H. Uyama, Y. Matsumoto, and I.
Yamamoto, Makromol. Chem., 193, 2355 (1992).

9. D. D. Reynolds and W. O. Kenyon, J. Am. Chem.
Soc., 69, 911 (1947).

10. K. Murao, S. Sawayama, and K. Sato, Jpn. Kokai
Tokkyo Koho 61-97309, May 15, 1986 (Mitsubishi
Kasei Co., Tokyo).

11. K. Itagaki, T. Ito, K. Ando, J. Watanabe, Jpn. Kokai
Tokkyo Koho 61-51007, March 13, 1986 (Mitsubishi
Kasei Co., Tokyo).

12. H. Uyama, H. Kato, and S. Kobayashi, Chem. Lett.,
261 (1993).

13. S. Kobayashi, M. Kaku, S. Sawada, and T. Saegusa,
Polym. Bull., 13, 447 (1985).

14. S. Kobayashi, H. Uyama, I. Yamamoto, and Y.
Matsumoto, Polym. J., 22, 759 (1990).

15. S.Kobayashi and H. Uyama, Polym. Prepr. Jpn., 40,
189 (1991); H. Uyama and S. Kobayashi, Polym.
International, in press.

16. H. Kawaguchi, Y. Yamada, S. Kataoka, Y. Morita,
and Y. Ohtsuka, Polym. J., 23, 955 (1991).

17. H.Kawaguchi, K. Fujimoto, M. Saito, T. Kawasaki,
and Y. Urakami, Polym. International, 30,225 (1993).

18. S. Kobayashi, H. Uyama, J. H. Choi, and Y.
Matsumoto, Polym. International, 30, 265 (1993).

19. S. Kobayashi, H. Uyama, J. H. Choi, and Y.
Matsumoto, Proc. Jpn. Acad. Ser. B, 67,140 (1991).

20. S. Kobayashi, H. Uyama, S. W. Lee, and Y.
Matsumoto, J. Polym. Sci., Polym. Chem. Ed., 31,
3133 (1993).

21. S. Kobayashi, Prog. Polym. Sci., 15, 751 (1990).

hadiag

McNulty,

863



	Dispersion Polymerization of N-Vinylformamide in Polar Media. Preparation of Monodisperse Hydrophilic Polymer Particles
	EXPERIMENTAL
	Materials
	Dispersion Polymerization of NVF
	Measurements

	RESULTS AND DISCUSSION
	Effect of Stabilizer Concentration on Particle Size
	Effect of Monomer Concentration
	Effect of Solvent
	Dispersion Polymerization in the Presence of Crosslinking Monomer
	Particle Growth
	Dispersion Copolymerization with Poly(2-ox-azoline)Macromonomer

	CONCLUSION
	REFERENCES AND NOTES


