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Synthesis and characterization of hydrophilic and spherical poly(glycerol
dimethacrylate-co-glycerol-1,3-diglycerolate diacrylate) microbeads

Erdal Uguzdogan*

Department of Chemical Engineering, Pamukkale University, 20070 Kinikli, Denizli, Turkey

A new class of spherical and swellable microbeads was obtained by a newly proposed suspension polymerization
protocol. Hydrophilic monomers in the form of crosslinking agent, glycerol dimethacrylate (GDMA), and glycerol
1,3-diglycerolate diacrylate (GDGDA) were copolymerized in an aqueous suspension medium. Poly(GDMA-co-
GDGDA) microbeads were highly hydrophilic due to hydroxyl functionality from both crosslinking agents. In the
proposed method, the organic phase including monomers and diluent (i.e. cyclohexanol) was dispersed in an aqueous
medium by using poly(vinyl alcohol) as the stabilizer. Poly(GDMA-co-GDGDA) microbeads were obtained by changing
GDMA/GDGDA ratio, monomer/diluent ratio, and stirring rate. The average size and size distribution properties, micro-
bead yields, and the equilibrium swelling behavior of the gel beads were presented. Spherical and swellable bifunctional
microbeads carrying hydroxyl–carboxyl or hydroxyl–amine groups were also obtained by including amine and carboxyl
carrying functional monomers, 2-(dimethylamino)ethyl methacrylate, and methacrylic acid, respectively, in the suspen-
sion copolymerization proposed.

Keywords: suspension polymerization; glycerol dimethacrylate; glycerol 1,3-diglycerolate diacrylate; swellable
microbeads; bifunctional microbeads

Introduction

Polymeric microbeads have been used as carriers in vari-
ous medical and biological applications such as affinity
chromatography, drug delivery, enzyme immobilization,
cell immobilization, embolization, and immunochemistry
[1–6]. Various parameters including particle size and size
distribution, porosity and pore structure, surface area, swel-
lability, and specific functional residuals (or reactive sites)
indicate the overall performance of polymer microbeads in
these applications. The polymer beads with optimized
parameters are widely used as functional support materials
[7–13]. Additionally, polymeric microbeads have attracted
much attention because they can be produced easily in a
wide variety of compositions and can be modified by
inserting various ligands into the structure in order to make
them specific sorbent [14–20]. Polymer beads in the size
range of 50nm–2mm are obtained by various manufactur-
ing processes including suspension, emulsion, and disper-
sion polymerization. Suspension polymerization is
particularly used for the synthesis of spherical polymer
beads in the size range of 10–1000μm [21].

The acrylate polymers with biocompatible properties
are suitable matrices in most of the biomedical and

biotechnological applications. Poly(hydroxyethylmethacry-
late) (poly(HEMA)) beads are very versatile because of
their hydrophilic nature, high chemical and mechanical sta-
bility, and resistance toward microbial and enzymatic
attacks as well as with blood compatibility [4,22,23].
Cross-linked poly(HEMA) beads produced by suspension
polymerization were used as sorbents in various chromato-
graphic applications. 2-Hydroxypropyl methacrylate
(HPMA)-based microbeads, whose physical properties and
molecular structures are very similar to those of HEMA,
were previously prepared in mono and bifunctional forms
by Tuncel et al. [24]. Microbeads with controlled hydro-
philicity and functionality were also obtained by adjusting
the feed ratio of poly(ethylene glycol) methacrylate to the
ethylene glycol dimethacrylate or divinylbenzene as an
alternative matrix to poly(HEMA)-based particles [25].

Saracoglu et al. [26] reported that monodisperse
cross-linked poly(glycerol dimethacrylate) (poly(GDMA))-
based microgel particles carrying hydroxyl and carboxyl
functionalities from nanometer to micrometer size range
were synthesized by single-stage precipitation polymeri-
zation. The authors claimed that the produced poly
(GDMA) microbeads could be used widely as a promis-
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ing material for biotechnological and biomedical applica-
tions. In another study, the poly(2-(dimethyl-amino) ethyl
methacrylate (DMAEM)-grafted-glycerol dimethacrylate
(GDMA)) particles exhibiting thermosensitive properties
were obtained by grafting of poly(DMAEM) brushes onto
the surfce of poly(GDMA) particles by means of surface-
initiated atom transfer radical polymerization [27]. The
results showed that cell attachment and proliferation were
facilitated due to the presence of positively charged
amino groups on their surfaces. Glycerol 1,3-diglycerol
diacrylate-grafted poly(3-hydroxyoctanoate) (GDD-g-
PHO) copolymers were prepared by Kim et al. [28], and
they reported that the GDD-g-PHO copolymers became
more hydrophilic as the GDD grafting density in the
copolymer increased, and biocompatibility was also
enhanced by grafting of GDD groups.

In the present study, spherical and swellable hydro-
gel beads were obtained by the suspension copolymeri-
zation of two crosslinking agents, GDMA and GDGDA.
Poly(GDMA-co-GDGDA) microbeads were highly
hydrophilic due to hydroxyl functionality from both
crosslinking agents. In addition, the bifunctional forms
of the same microbeads were also obtained by including
functional monomers in the same recipe. The hydrophi-
licity and functionality of the microbeads were changed
by adjusting the feed ratio of the monomers or by using
different monomers. Mono and bifunctional hydrogel
beads were characterized in terms of equilibrium swell-
ing ratio, functional group content, average size and size
distribution, and microbead yields. Poly(GDMA-co-
GDGDA) microbeads can be used in biotechnological
and biomedical applications such as separation of
biomacromolecules, tissue engineering, drug targeting,
solid phase extraction, DNA diagnostic assays, and gene
delivery. Poly(GDMA-co-GDGDA) microbeads are
promising materials as sorbent or microcarrier because
of their easy chemical derivatization, the hydrophilicity,
and the functionality.

Experimental

Materials

The monomers of glycerol dimethacrylate (GDMA, tech-
nical grade, 85%, mixture of isomers), glycerol 1,3-
diglycerolate diacrylate (GDGDA, technical grade),
2-(dimethylamino) ethyl methacrylate (DMAEM), and
methacrylic acid (MAA) were supplied from Aldrich
Chemical Co. (Milwaukee, WI, USA) and used without
further purification. Benzoyl peroxide (BPO, 97% active
compound, Aldrich Chemical Co.) and polyviny1alcohol
(PVA, 87–89% hydrolyzed, molecular weight: 85.000–
146,000, Aldrich Chemical Co.) were utilized as initiator
and stabilizer, respectively, and were used without further
purification. Cyclohexanol (Cyc-OH; Aldrich Chemical
Co.) was included in the polymerization recipe as a dilu-

ent and used without further purification. Ethyl alcohol
used as solvent in washing of microbeads was a product
of Birpa Co. (Istanbul, Turkey). Distilled–deionized water
was used in all experiments.

Production of microbeads

A suspension polymerization procedure was proposed to
prepare spherical and swellable poly(GDMA-co-
GDGDA) microbeads. In a typical procedure, the contin-
uous medium was prepared by dissolving 500mg PVA in
50mL of distilled water. The monomer phase was pre-
pared by mixing Cyc-OH (4mL), GDMA (2mL), and
GDGDA (2mL) in a test tube. The initiator, BPO
(80mg), was dissolved within the monomer phase. The
monomer phase was transferred into the continuous med-
ium in a magnetically stirred and glass-sealed polymeri-
zation reactor (100mL) placed in a water bath equipped
with a temperature control system. The reactor was
heated to 85 °C in 30min while stirring. The polymeriza-
tion was conducted at 85 ± 1 °C for 4 h. The reactor con-
tent was cooled down to room temperature. In order to
remove the diluent and any possible unreacted monomer,
poly(GDMA-co-GDGDA) microbeads were cleaned by
the following procedure. The microbeads were allowed to
settle and the dispersion medium was decanted. The
microbeads were resuspended in ethyl alcohol. The new
dispersion was stirred for about 1 h at room temperature
and the microbeads were isolated by decanting the liquid
part. Microbeads were washed twice with ethyl alcohol
and three times with distilled–deionized water using the
same procedure. In order to obtain poly(GDMA-co-
GDGDA) microbeads with different sizes and swellabili-
ties, the GDMA/GDGDA volume ratio, cyclohexanol
concentration, and the stirring rate were varied. Bifunc-
tional microbeads carrying hydroxyl–carboxyl or hydro-
xyl–amine groups were also prepared by including amine
and carboxyl carrying functional monomers, DMAEM
and MAA, respectively, in the suspension copolymeriza-
tion proposed. The recipes for copolymerization are tabu-
lated in Table 1. In these runs, the initiator and stabilizer
concentrations, the polymerization temperature and the
polymerization time were constant as given above.

Average size and size distribution of microbeads

The average size and the size distribution of the micro-
beads were determined by optical microscopy. The
microbeads equilibrated in distilled water were evaluated
with an optical microscope (Olympus, Japan) mostly at a
magnification of 125�. To determine the average size
and size distribution of microbeads, at least three differ-
ent photographs were obtained for each sample. For this
purpose, approximately 100–200 microbeads were
counted on each photograph. Then, the number average
diameter and the volume fraction of each size were cal-
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culated. The plots showing the size distribution of the
beads were plotted by taking into account the size range
values defined in the Tyler Standards [29]. The number
average diameter (Dp) of the microbeads was calculated
according to the Equation (1):

Dp ¼ RNiDi=RNi (1)

where Ni is the number of particles of diameter Di (μm).
The standard deviation (SD) from average diameter

was calculated according to the Equation (2):

SD ¼ ½(RNi(Di � Dp)
2 � (NT � 1)�1�0:5 (2)

where NT is the total number of particles.
The coefficient of variation (CV) for size distribution

was also calculated based on the Equation (3):

CV ¼ (SD=Dp)� 100 (3)

Equilibrium swelling behavior of microbeads

Equilibrium swelling ratios (ESRs) of microbeads were
determined by volumetric method. Certain amounts of
well dried microbeads (approximately 1000mg) were
filled into a cylindrical glass tube (5mm of internal
diameter and 100mm of height) and the bed height
obtained with the dried microbeads was measured (h0).
Then, the tube was filled with distilled water (different
pH values) and the microbeads were allowed to swell at
room temperature for 24 h (i.e. predetermined equilib-
rium swelling time) with occasional shaking. At the end
of this period, the bed height with the swollen micro-
beads was again measured (h1). ESR of the microbeads
was calculated using the Equation (4):

ESR ¼ f(h1 � h0)=(h0)g � 100 (4)

Microbead yield

The copolymer or terpolymer microbeads were exten-
sively washed and dried in a vacuum oven at 50 °C for
48 h. The microbeads were weighed in an electronic bal-
ance. The microbead yield was calculated by the follow-
ing expression:

Microbead yield (wt%) ¼ (Wp=Wm)� 100 (5)

where Wp and Wm are the weight of dry microbeads and
the total weight of monomers initially charged to the
reactor, respectively.

Results and discussion

In this study, mono and bifunctional hydrogel beads in
the size range of 25–460 μm were synthesized by a new
suspension copolymerization technique. Two crosslinking
agents with hydroxyl functionality, GDMA and
GDGDA, were included in the proposed copolymeriza-
tion. In addition, the bifunctional forms of the same
microbeads were also obtained by including functional
monomers in the same recipe. The hydrophilicity and
functionality of the microbeads were changed by adjust-
ing the feed ratio of the monomers or by using different
monomers. Some selected physical properties of ingredi-
ents used in the suspension polymerization were deter-
mined and are given in Table 2. As seen here, the
crosslinking agents with hydroxyl groups (i.e. GDMA
and GDGDA) are more viscous with respect to water
and functional monomers (i.e. MAA and DMAEM). Par-
ticularly, GDGDA is the most viscous component of the
selected suspension polymerization system. The solubil-
ity parameter of GDMA is close to the functional mono-
mers. The solubility parameter of the other crosslinking
agent GDGDA could not be obtained from the literature.
However, it should be higher than that of GDMA since

Table 1. Experimental conditions for suspension copolymerization of GDGDA with GDMA.

GDMA (mL) GDGDA (mL) CycOH (mL) MAA (mL) DMAEM (mL) SR (rpm)

1 3 4 – – 500
2 2 4 – – 500
3 1 4 – – 500
4 0 4 – – 500
2 2 2 – – 500
2 2 3 – – 500
2 2 4 – – 500
2 2 5 – – 500
2 2 6 – – 500
2 2 4 – – 250
2 2 4 – – 500
2 2 4 – – 750
2 2 4 – – 1000
1.5 1.5 4 1 – 500
1.5 1.5 4 – 1 500
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GDGDA contains three hydroxyl groups when GDMA
contains only one hydroxyl group.

The GDMA and GDGDA contain one and three
hydroxyl functionalities, respectively. For this purpose,
the gel beads with high hydroxyl contents (i.e. highly
hydrophilic in nature) were aimed by increasing the rela-
tive amount of GDGDA in the initial monomer mixture.
The effect of monomer composition on the size distribu-
tion of poly(GDMA-co-GDGDA) beads is given in
Figure 1 and Table 3. Additionally, the yields of poly
(GDMA-co-GDGDA) microbeads obtained by changing
GDMA/GDGDA ratio were also given in Table 3. As
seen here, the microbead yield was almost quantitative in
every experiment and exhibited no significant change
with the GDMA/GDGDA volume ratio. As observed in
Table 3, the average size raised with increasing GDMA/
GDGDA ratio. A factor for providing an increment in the
average size may be change of interfacial tension by the

GDMA concentration. GDGDA consists of three hydro-
xyl groups; thus, GDGDA is more polar when compared
to GDMA. Far less soluble in water than GDGDA,
GDMA is preferentially situated in the droplet phase. As
a result, in the surface tension of the droplet phase, higher
GDMA concentration most likely caused a reduction,
which in turn yielded an increase in the interfacial tension
between the continuous medium and the droplet phase.
The decrease in the droplet phase viscosity or in the inter-
facial tension involves a decrease in the average size, in
accordance with the common mathematical model of sus-
pension polymerization. The average size is straightfor-
wardly proportional to the interfacial tension between the
two immiscible phases; accordingly, an increase in the
interfacial tension with increasing GDMA feed concentra-
tion results in a raise in the average size [33,24].

As seen in Table 3, the CV for size distribution
decreased also with increasing GDMA/GDGDA ratio. In

µ

Figure 1. Effect of monomer composition on the size distribution of poly(GDMA-co-GDGDA) beads.

Table 2. The physical properties of ingredients used in the suspension polymerization system.

Ingredient
Densitya

(g/mL, 25 °C)
Molecular weighta

(g/gmol)
Surface tensionb

(dyn/cm)
Viscosity
(cP, 20 °C)

Solubility parameter
(cal/cm3)1/2

GDMA 1.12 228.24 36.64 85a(25 °C) 10.02e

GDGDA 1.237 348.35 48.51 8000–12000a (25 °C) ND
MAA 1.015 86.09 30.92 1.40 a 11.20d

DMAEM 0.933 157.21 29.09 1.60a ND
Cyc-OH 0.948 100.2 32.50 50.2c 11.40d

WATER 1.00 18.015 72.27 1.00 23.4

aTaken from supplier catalog.
bTaken from [30].
cTaken from [25].
dTaken from [31].
eTaken from [32].
ND: not determined.
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this set, poly(GDMA-co-GDGDA) beads with the aver-
age sizes ranging between 180 and 248 μm were
obtained. The size range for each batch lied between 50
and 370 μm (Figure 1). The optical micrographs of poly
(GDMA-co-GDGDA) beads synthesized with different
GDMA/GDGDA ratios are shown in Figure 2. As seen
here, polydisperse (shown in Figure 2(A)) and spherical
poly(GDMA-co-GDGDA) microbeads were produced
with different GDMA/GDGDA ratios. The microbeads
had a transparent view under optical microscope. This
view indicated that the beads had gel-type microporosity.

The equilibrium swelling ratios of poly (GDMA-
GDGDA) gel beads synthesized with different GDMA/
GDGDA volume ratios at different pHs are presented in
Figure 3. It is well known that the swelling of
hydrophilic microbeads depends on factors such as the
structure of the material, the degree of crosslinking, the
chain length of the crosslinking agent, the hydrophilic/
hydrophobic balance, the shape and dimension of the sys-
tem, and so on. The gel beads synthesized with higher
GDGDA content exhibited higher equilibrium swelling

ratios. Higher hydroxyl content of GDGDA with respect
to GDMA should be probably responsible for this behav-
ior. ESR exhibited no appreciable change with pH since
no charged groups are present on the beads.

The effect of stirring rate on the size distribution of
poly(GDMA-co-GDGDA) beads is given in Table 4 and
Figure 4. The microbead yields with different stirring
rates are also given in Table 4. As seen here, no signifi-
cant effect of stirring rate on the microbead yield was
observed, and slightly increased with increasing stirring
rate. Table 4 indicates that the average size significantly
decreased and CV for size distribution remained roughly
constant with increasing stirring rate. In this set, poly
(GDMA-co-GDGDA) beads with the average sizes rang-
ing between 24 and 425 μm were obtained. As shown in
Figure 4, the size distribution was also relatively
narrower with the higher stirring rates, while a relatively
wide size distribution was obtained with low stirring
rates (i.e. 250 and 500 rpm). As explained in the related
literature for different suspension polymerization systems
[21,34,35], the average size reduced with increasing stir-

Figure 2. Optical micrographs of poly(GDMA-co-GDGDA) beads synthesized with different GDMA/GDGDA ratios. GDMA/
GDGDA ratios (mL/mL) are: (A) 1/3, (B) 2/2, (C) 3/1 and (D) 4/0. Original magnification: 125�.

Table 3. The effect of GDMA/GDGDA volume ratio on the microbead yield, average size, and size distribution of poly(GDMA-
co-GDGDA) beads.

GDMA (mL)/GDGDA (mL) Microbead yield (wt%) Dp (μm) SD (μm) CV

1/3 97.4 180 67.8 37.7
2/2 99.4 248 61.8 24.9
3/1 98.3 191 60.0 31.5
4/0 97.3 231 43.6 18.8
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Figure 3. ESRs of poly(GDMA-GDGDA) gel beads synthesized with different GDMA/GDGDA volume ratios at different pHs.

Table 4. The effect of stirring rate on the microbead yield, average size, and size distribution of poly(GDMA-co-GDGDA) beads.

Stirring rate (rpm) Microbead yield (wt%) Dp (μm) SD (μm) CV

250 98.1 278 64.7 30.3
500 99.4 248 61.8 24.9
750 95.6 34 10.0 29.3
1000 98.6 24 7.8 32.9

Figure 4. Effect of stirring rate on the size distribution of poly(GDMA-co-GDGDA) beads.
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ring rate. Also, for most practical purpose, the stirring
rate can provide a relatively convenient means of particle
size control.

The optical micrographs of poly(GDMA-co-
GDGDA) beads synthesized with different stirring rates
are presented in Figure 5. These findings indicated that
the stirring rate was an effective variable to control the

average size of gel beads in the suspension polymeriza-
tion technique proposed. The equilibrium swelling ratios
of poly(GDMA-co-GDGDA) gel beads at different pHs
are shown in Figure 6.

As mentioned above, equilibrium swelling ratio also
showed no appreciable change. However, it was
interesting that the beads obtained with higher stirring

Figure 5. Optical micrographs of poly(GDMA-co-GDGDA) beads with different stirring rates. Stirring rates: (A) 250, (B) 500, (C)
750, and (D) 1000 rpm, respectively. Original magnification: 125�.

Figure 6. ESRs of poly(GDMA-co-GDGDA) gel beads synthesized with different stirring rates at different pH values.
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rates (i.e. the beads with lower average size) exhibited
higher equilibrium swelling ratios. This finding should
be attributed to lower degree of crosslinking in the beads
with lower average size.

Both monomers involved in the suspension polymeri-
zation process are water-soluble. To obtain a stable sus-
pension including an aqueous-based continuous medium
and a disperse phase containing monomers, the introduc-
tion of a diluent capable of dissolving both monomers,
but that is insoluble in water was necessary. For this pur-
pose, Cyc-OH having sufficiently lower surface tension
value relative to water was used as a diluent in the sus-
pension polymerization proposed. The effect of amount
of diluent on the size distribution of poly(GDMA-co-
GDGDA) beads is given in Table 5 and Figure 7. The
microbead yields are also given in Table 5. As seen in
Table 5, no significant change was observed in micro-
bead yields with different volumes of diluent. However,
all microbead yields were almost quantitative.

Insignificant change was observed for the effect of
amount of diluent on the average size and size distribu-
tion given in Table 5. However, the narrowest size distri-
bution was obtained with the diluent amount of 3mL.
The optical micrographs of poly(GDMA-co-GDGDA)
beads synthesized with different amounts of diluent are
shown in Figure 8.

The equilibrium swelling ratios of poly(GDMA-co-
GDGDA) gel beads obtained with different amounts of
diluent at different pHs are shown in Figure 9. The gel
beads synthesized with larger amount of diluent exhib-
ited significantly higher equilibrium swelling ratios. At a
constant monomer concentration, swellability of the
microbeads raised by increasing amount of the diluent,
likewise the general tendency previously published ones
in the related open literature [36,37]. This finding could
be explained by higher gel-type microporosity of the
beads synthesized with higher amount of diluent.

The effect of functional monomer type on the size
distribution of terpolymer beads including GDMA,
GDGDA, and functional monomer are given in Table 6
and Figure 10. The microbead yields of terpolymer are
also given in Table 6. As seen in Table 6, lower micro-
bead yields were obtained in the presence of functional
monomers. This behavior should be probably explained
by the formation of some water-soluble polymer domi-

nantly including the functional monomer. The highest
average size and the broader size distribution were
obtained in the absence of functional monomer (Table 6).
The introduction of MAA into the suspension polymeri-
zation recipe resulted in a significant decrease both in
average size and in CV for size distribution while the
introduction DMAEM into the suspension polymeriza-
tion recipe resulted in a significant decrease in average
size. The average particle size of poly(GDMA-co-
GDGDA) microbeads was 248 μm. On the other hand,
the average particle size values of poly(GDMA-
GDGDA-MAA) and poly(GDMA-GDGDA-DMAEM)
terpolymer microbeads were determined as 106 and
33 μm, respectively. In other words, lower average size
values were found for the microbeads synthesized using
functional monomers. The average size of the monomer
droplets (and, hence, that of the resulting particles) is
directly proportional to the volume ratio of the droplet
phase to suspension medium, the viscosity of the droplet
phase, and the interfacial tension between the two
immiscible phases [21]. The presence of functional
monomers (DMAEM and MAA) probably reduces the
interfacial tension between the droplet phase and the
aqueous phase. On the other hand, the viscosity values
of monomers are given in Table 2. As seen here, the vis-
cosities of functional monomers are reasonably lower
with respect to those of GDMA and GDGDA. One can
easily conclude that the presence of functional monomers
markedly reduces the viscosity of droplet phase. Lower
droplet phase viscosity and lower interfacial tension
between the droplet phase and the aqueous phase provide
lower droplet size leading to the final microbeads with
lower size.

The optical micrographs showing the size distribution
of plain, poly(GDMA-GDGDA-MAA), and poly
(GDMA-GDGDA-DMAEM) microbeads are given in
Figure 11. As seen here, poly(GDMA-GDGDA-MAA)
microbeads were obtained with narrower size distribu-
tions.

The MAA content of poly(GDMA-GDGDA-MAA)
terpolymer gel beads was determined as 0.70mmol/g dry
beads by potentiometric titration. In the presence of an
amine functionalized functional monomer, the average
particle size significantly decreased with respect to poly
(GDMA-co-GDGDA) particles synthesized in the

Table 5. The effect of amount of diluent on the microbead yield, average size, and size distribution of poly(GDMA-co-GDGDA)
beads.

Cyclohexanol (mL) Microbead yield (wt%) Dp (μm) SD (μm) CV

2 98.5 292 68.0 23.3
3 97.9 240 50.3 21.0
4 99.4 248 61.8 24.9
5 96.8 234 58.0 24.8
6 98.2 276 68.7 24.9
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absence of functional monomer. The DMAEM content of
poly(GDMA-GDGDA-DMAEM) terpolymer gel beads
was determined as 0.21mmol/g dry beads by elemental
analysis.

The equilibrium swelling ratios of plain, poly
(GDMA-GDGDA-MAA), and poly(GDMA-GDGDA-
DMAEM) microbeads are shown in Figure 12. Higher

equilibrium swelling ratios were observed with the
functional microbeads with respect to the plain micro-
beads sample. However, insignificant change in equilib-
rium swelling ratio with pH was observed for both
types of functional beads. This behavior could be
explained by the high crosslinking degree of both
microbead types.

Figure 8. Optical micrographs of poly(GDMA-co-GDGDA) beads synthesized with different amounts of diluent. Amounts of
diluent: (A) 2, (B) 3, (C) 4, and (D) 5mL respectively. Original Magnification 125�.

Figure 7. The effect of amount of diluent on the size distribution of poly(GDMA-co-GDGDA) gel beads.
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Conclusion

In this study, hydrophilic poly(GDMA-co-GDGDA)
microbeads were synthesized due to hydroxyl functional-
ity from both crosslinking agents. Poly(GDMA-co-

GDGDA) microbeads can be another alternative for
hydrophilic polymer-based microspheres because of the
ease of derivatization, the water swellability, and the
similarity of molecular structure to a widely used

Figure 9. ESRs of poly(GDMA-co-GDGDA) gel beads synthesized with different amounts of diluent at different pH values.

Figure 10. The effect of functional monomer type on the size distribution of terpolymer microbeads including GDMA, GDGDA,
and functional monomer.

Table 6. The effect of functional monomer type on the microbead yield, average size, and size distribution of terpolymer beads
including GDMA, GDGDA, and functional monomer.

Functional monomer Microbead yield (wt%) Dp (μm) SD (μm) CV

None 99.4 248 61.8 24.9
MAA 86.8 106 12.7 12.0
DMAEM 65.7 33 8.38 25.3
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biocompatible material (i.e. 2-hydroxyethyl methacrylate-
based hydrogels). These microbeads can be used in
biomedical and biotechnological applications due to their
controllable hydrophilicity and functionality properties. In
addition, the proposed methodology allows the synthesis
of bifunctional gel beads carrying anionic and cationic
moieties. The presences of hydroxyl–carboxyl and hydro-
xyl–amine functionalities on the swellable hydrogel beads
allow the synthesis of new resins in hydrophilic form.
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