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ABSTRACT: Monodisperse microgels were prepared by the precipitation polymerization of 
acrylamide with acryloyl-terminated-poly(ethylene glycol) (PEG) macromonomer as a stabilizer. 
The process was carried in ethanol, methanol, and a mixture of two. The size of microgels was 
controlled to the range of 0.06--1.0 µm, changing the solvent. GPC profiles and particle size 
distribution of the micro gels were narrow and monodisperse. Micro gels were dispersable in water, 
and showed very low viscosity, and were stable in polar solvents and KC! aqueous solution. 
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Polymer microgels are used in many fields 
as agents of paint, surface coating, and ad­
hesive1 - 3 and also biological and biomedical 
fields4 - 6 because microgels due to their low 
viscosity and specific surface area. 

Emulsion polymerization and dispersion po­
lymerization are methods for preparation of 
polymer particles having micron size and poly­
disperse particle size distribution. 7 •8 Polymer 
particles of monidisperse and submicron size 
were prepared by precipitation polymeriza­
tion using methacrylic acid as a stabilizer. 9 

In this study, Polyacrylamide microgels were 
prepared by precipitation polymerization 10 us­
ing macromonomer. The effects of solvent on 
the particle size of micro gels in polymerization 
were determined. The shape and size of micro­
gels were observed by electron microscopy, gel 
permeation chromatography (GPC), and auto­
s1zer. 

Viscosity was measured by viscometer and 
the stability was determined by UV/Vis spec­
troscopy. 
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EXPERIMENT AL 

Materials 
Acrylamide (AAm) was recrystallized from 

acetone. N,N'-methylene-bisacrylamide (MB­
Am) (Aldrich Chemical Co.) was recrystal­
lized from methanol, and acryloyl terminated 
poly(ethyene glycol) macromonomer (AtPEG­
M) was synthesized according to a previous 
method. 10 Benzoyl peroxide (BPO) was used 
without further purification. Ethanol, metha­
nol, and dimethylformamide (DMF) were dis­
tilled before use. 

Precipitation Polymerization 
Given amounts of AtPEGM, AAm, MBAm 

and BPO were dissolved in 50 ml alcoholic 
solvents. Polymerization was carried out at 
6O°C for 6 h under nitrogen atmosphere by 
adding 4.0 x 10- 3 mo11- 1 of BPO initiator. 
The product was collected by centrifugation. 
The microgels were washed with methanol and 
diethylether three times and dried at room 
temperature under vacuum. 
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Measurements 
The size distribution of polymer particles 

was measured using electron micrographs and 
a Malvern Autosizer. 

The shape of polymer particles was observ­
ed using scanning electron micrograph (SEM) 
(Hitachi S-530) .and transmission electron mi­
crograph (TEM) (Hitachi H-600). 

Intrinsic viscosity of polyacrylamide micro­
gels in various solvents was measured by 
an Ostwald viscometer. GPC chromatography 
(Waters 846) of the microgels was carried out 
(flow rate: 1 ml min - 1 ; column Styragel 1000 
and Styragel 500; temperature, room tem­
perature; mobil phase, DMF). Stability was 
measured by UV /Vis spectroscopy (Kontron 
Uvicon 860) in water and other solvents. 

RESULTS AND DISCUSSION 

The polymer microgels were prepared ac­
cording to precipitation polymerization report­
ed earlier. 10 In order to prepare monodisperse 
microgels, the stabilizer must be used in pre­
cipitation polymerization. 11 In this system, the 
polyacrylamide microgels were obtained by 
steric stabilization of AtPEGM, as shown in 
the scanning electron micrographs (SEM) of 
Figure 1. Monodisperse microgels were formed 
when the AtPEGM was used as a stabilizer but 
coagulum was yielded when stabilizer was not 
used since aggregation between particles was 
protected by repulsion force and solvation layer 
of the poly(ethylene glycol) (PEG) part when 
polymer particles were closed. 

Particle size was controlled by changing the 
concentrations of AAm, MBAm, and AtP­
EGM as previously reported, 10 and size mea­
sured SEM and Malvern Autosizer was 0.1-
1.0 µm. 

Figure 2 presents transmission electron mi­
crographs (TEM) of the microgels. In order 
to them, the microgels were dispersed in water, 
and a drop of OsO4 (IO wt% aq.) was added. 
A drop of the stained microgel solution was 
placed on a copper grid coated with carbon 
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Figure 1. Scanning electron micrographs of particles 
prepared by precipitation polymerization in ethanol. 
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Figure 2. Transmission electron micrographs of poly­
acrylamide microgels. 

film, and then dried gradually at 25°C. As 
shown in Figure 2, microgels had spherical 
shape. 

Table I and Figure 3 are molecular weight 
and distribution of microgels measured by 
GPC in 0.5 wt% of DMF solution. The elution 
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Table I. Characterization of polyacrylamide microgeJs• 

Feed/ x 10- 2 moll- 1 (D3)1;3 [11Jb Yield 
Mwx 10- 9 , Mw/M.d 

AtPEGM AAm MBAAm H 20 nm gdJ-1 % 

0.6 15.4 0.8 0.0 192 1.30 5.3 1.02 75.8 
0.6 15.4 0.8 5.5 180 1.22 4.4 1.05 73.0 
0.6 15.4 0.8 11.0 173 1.11 3.8 1.02 73.5 
0.6 15.4 0.8 16.5 160 0.75 3.2 1.04 71.4 

• [BPO] =4.0 x 10- 3 mo!J- 1. b In DMF at 25°C. 'Calculated by universal calibration curve. d Calculated by GPC 

profiles. 
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Figure 3. GPC profiles of polyacrylamide microgels 
polymerized in ethanol containing water. (AtPEGM/ 
AAm/MBAm/H20 x 102 moll- 1 =A, 0.6/15.4/4/0; B, 0.6/ 
15.4/4/5.5; C, 0.6/15.4/4/1 !). 

behavior of homopolymers and copolymers in 
GPC is governed by hydrodynamic volume. 
The 'universal' calibration curve of the prod­
uct of intrinsic viscosity and molecular weight 
([17]M) against elution volume can be applied 
to highly branched polymers. 12 The introduc­
tion of the radius of the equivalent hydro­
dynamic sphere (Rq) yields: 

[17]M =2.5(4/3nR/)NA =2.5VqNA 
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Figure 4. Particle size distribution of polyacrylamide 
microgels polymerized in ethanol contammg water. 
(AtPEGM/AAm/MBAm/H 2 0 x 102 moll- 1 =A, 0.6/ 
15.4/4/5.5; B, 0.6/15.4/4/11; C, 0.6/ 15.4/4/ 16.5). 
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Figure 5. Influence of water content on particle size 
of polyacrylamide microgels (AtPEGM/AAm/MBAm x 
102 moll- 1 =0.6/15.4/4). 

where NA is Avogadro's number and V is q 

the hydrodynamic volume. Molecular weights 
(Mw) and molecular weight ratios Mw/ Mn are 
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listed in Table I. As shown in Table I and 
Figure 3, microgels had narrow molecular 
weight distribution of Mw/Mn= 1.02-1.05. 
Their average molecular weights calculated by 
universal calibration curve were very large as 
shown in Table I. 

The micro gels had monodisperse particle size 
distribution of Dw/Dn= 1.01-1.06 as shown in 
Figure 4 also. 

The effects of solvents on the size of micro­
gels are shown in Figures 5, 6, and Table II. 
With increasing water in ethanol, particle size 
decreased. Higher solvency of the stabilizer 
moiety increased steric repulsive force between 
the nuclei, which might increase the nuclei 

stability. The addition of water in ethanol 
contributed to nuclear stability. 

In the ethanol-methanol mixture system, 

Table II. Dependence of particle size on 
solvent properties 

Fraction of Solubility parameter, /j Particle size 
methanol in 

ethanol MPa nm 

0.0 26.0 170 
2.5 26.9 530 
5.0 27.8 1000 
7.5 28.8 a 

10.0 29.7 _a 

• Aggregated. 

lµm 

Figure 6. Scanning electron micrographs showing effects of solvent properties at AtPEGM/AAm/ 
MBAmx 102 moll- 1 =0.6/15.4/4 (ethanol/methanol=A, 1/0, B, 7.5/2.5, C, 5/5, D, 2.5/7.5). 
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0.25µm 

lµm 

Figure 7. Scanning electron micrographs showing effects of solubility at AtPEGM/AAm/MBAm x 
102 moll- 1 =0.6/15.4/4 (A, t-butanol, B, propanol; C, ethanol; D, methanol). 

particle size increased and particle size distri­
bution was monodisperse until a certain frac­
tion (0.5) of methanol and thereafter caused 
the formation of aggregates. With increasing 
fraction of methanol, swelling of nuclei parti­
cles increased and large particles could be 
prepared. But highly swollen particles might 
become sticky and aggregated between parti­
cles. 

Table III and Figure 7 is shown the effects 
of solubility on particle size. From Table III, 
microgels of various particle sizes from 0.06 µm 
to 1 µm could be prepared by changing the 
nature of the solvents. The microgels were 
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Table III. Effects of solubility on particle size 

Solubility parameter, ,5 Particle size 
Solvent 

MPa nm 

t-Buthanol 21.7 60 
Propanol 24.3 130 
Ethanol 26.0 170 
Methanol 29.7 - a 

• Aggregated. 

monodisperse as shown in Figure 7. With 
increasing solubility, the degree of swelling of 
the precipitating nuclei particles increased and 
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Figure 8. Specific viscosities of polyacrylamide microgels 
in various solvents at 25°C (0, water; 6., ethanol; D, 
water/ethanol (5/5)). 

larger particles formed. Large size microgels 
formed in solvents of large solubility. 

The dependence of specific viscosity with 
the concentrations of microgel solution was 
measured by the capillary method in various 
solvents such as ethanol and water as shown 
in Figure 8. The specific viscosity of a dilute 
dispersion of rigid spherical particles is given 
by 1Jsp=2.5<P where <Pis concentration of mi­
crogel. Einstein provided that the slop of the 
curve obtained by plotting specific viscosity 
against particle concentration was 2.5 at low­
er particle concentration. 13 This is called the 
Einstein value. But the slop of curve for poly­
acrylamide microgel is larger than that for 
hydrophobic microgel such as polystyrene and 
polybutene in lower concentration aqueous 
solution. 14 

The specific viscosity increased linearly at 
lower concentration of polyacrylamide micro­
gels and the slope of curve obtained in water 
was larger than that in ethanol. This is due to 
relatively large value of swelling of the micro­
gels in water. 

Dispersion stability of the microgels was 
observed in various solvents such as ethanol, 
DMF, and water. 

As shown in Figure 9, transmittance of the 
microgels in water was lower than that in DMF 
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Figure 9. Stabilities of polyacrylamide microgels in vari­
ous solvents (0, ethanol; 6., DMF; D, water). 
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Figure 10. Effects of KC! concentration on polyacryl­
amide micro gel stability ( cone. of KC! (moll - 1 ), x , 0.2; 
D, 0.15; 6., 0.10; O, 0.05). 

or in ethanol due to particle swelling. Micro­
gels was very stable in polar solvent such as 
ethanol, DMF, and water. 

Figure 10 shows the dependence of disper­
sion stability of microgels on KCl concentra­
tion. Microgels were very stable at various 
concentration ofKCl in aqueous solution since 
the stability of polyacrylamide microgels sup­
ported PEG as steric stabilizer is not affected 
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by salt concentration. 

CONCLUSION 

Microgels of 0.06-1.0 µm in size were ob­
tained by the precipitation polymerization of 
AtPEGM and AAm in selective solvents such 
as water/ethanol, ethanol/methanol, and alco­
holic solvents. Microgels were stabilized by 
steric stabilization of AtPEGM. The nature 
of a solvent is the major factor determining 
particle size and distribution. Microgels were 
dispersable in water, showed very low viscos­
ity, and were stable in polar solvents and KCl 
aqueous solution. 
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