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Abstract Porous SiO2/pHEMA biocomposites were syn-

thesized in situ by incorporating silica nanoparticles with a

hydroxyethyl methacrylate (HEMA) monomer, following a

UV-induced photopolymerization. The nanostructure of the

composites was characterized and the resulting physical

properties were examined. The release kinetics of the model

molecule—vitamin B12—and the hemocompatibility of the

porous SiO2/pHEMA composites were investigated. Heter-

ogeneous reaction kinetics is proposed to be the formation

mechanism of the nanoporosity in the pHEMA matrix as a

result of incorporating silica nanoparticles following

photopolymerization. Experimental results also demon-

strated that the incorporation of the silica nanoparticles into

the pHEMA matrix not only enhanced the mechanical

property but also maintained a good hemocompatibility of

the resulting biocomposites. In addition, it was observed that

the drug release profile of the composites (in the form of a

membrane) can be precisely regulated from a two-stage

pattern to one-stage pattern by varying the concentration of

both the SiO2 nanoparticles and HEMA monomer during

synthesis. The permeability of the model drug was enhanced

by two orders of magnitude from 4.22 9 10-7 cm2/h to

3.92 9 10-5 cm2/h by controlling the micro-to-nanostructure

of the composites. The platelet adhesion experiment demon-

strated low aggregation of the platelets on the surface of the

biocomposite membranes, indicating a promising antithrom-

botic property.

1 Introduction

Poly(2-hydroxyethyl methacrylate), i.e., pHEMA, has been

extensively studied because of its relatively high capability

of water uptake, nontoxicity, and favorable compatibility to

tissues and blood, which renders itself as an attractive

biomaterials for many biomedical applications such as drug

delivery vehicles, contact lenses, antithrombotic devices,

and implants [1–3]. In order to meet practical requirements,

certain properties of pHEMA such as mechanical proper-

ties, thermal stability, wettability, diffusion mechanism of

solutes (such as biomolecules or drugs), and affinity to

specific biomolecules can be tailored and regulated by the

incorporation of nanomaterials and manipulated through

controlling the composition of inorganic or organic ingre-

dients, nanostructure, nature of inorganic and/or organic

components, etc. [4–10].

Silicates are generally considered to be biocompatible

and their hybrids or composites have been used in the

manufacture of biomedical devices; further, the hemo-

compatibility of silica hybrids has also been studied

[11–13]. Therefore, it is expected that the incorporation of

a silica nanophase into the pHEMA matrix can not only

enhance the mechanical properties of the resulting com-

posites but also regulate the release kinetics of the drug

from within. Until today, the effects of the variation of the

structure of the composite on the diffusion characteristics

of a molecule, i.e., a drug, have not been systematically
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investigated in detail. In addition, the effect of silica

nanophase on the hemocompatibility of pHEMA is still

unclear.

Many studies have been devoted to the preparation of

pHEMA-based composite materials with organic HEMA

monomers and inorganic precursors such as tetrame-

thoxysilane (TMOS) or tetraethoxysilane (TEOS) through

sol-gel processes [12, 13]. The composite structure of

both the inorganic silica and organic pHEMA by either

chemical or physical interaction upon in-situ polymeri-

zation may offer unique properties that cannot be

achieved by individual components. However, upon in-

situ sol-gel synthesis of both monomeric inorganic and

organic precursors, the presence of organic monomers

may retard the hydrolysis and condensation reactions of

the inorganic monomers [14]. Moreover, the nonhomo-

geneous reaction environment caused by processing

conditions such as pH value, water concentration, solvent

system, and reaction temperature may result in the for-

mation of a nonuniform structure in the resulting

composites [15].

In this investigation, SiO2/pHEMA was synthesized and

characterized by directly mixing a well-dispersed silica

colloidal suspension with a HEMA monomer following

photopolymerization to form a composite structure. This

method provides not only a simpler scheme of synthesis to

form a SiO2/pHEMA composite than the aforementioned

in-situ synthesis but also avoids the potential drawbacks

that originate from the incomplete polymerization of the

starting monomeric inorganic components. Further, drug

release characteristics can be easily manipulated through

the control of nanostructural evolution.

2 Experimental procedures

2.1 Materials

The monomer 2-hydroxyethyl methacrylate (HEMA)

(Tokyo Kasei Kogyo Co., Ltd., Japan), the UV photoini-

tiator benzoin methyl ether (BME) (Tokyo Kasei Kogyo

Co., Ltd.), the crosslinking agent ethylene glycol dimeth-

acrylate (EGDMA) (Showa Chemical Co., Ltd., Japan),

and nanosilica suspension with particle size ranging from

10 to 12 nm and 20% solid content (ChangChun group,

Taiwan) were used for pHEMA and the SiO2/pHEMA

composite synthesis. Vitamin B12 (Sigma-Aldrich Co.) was

chosen as a model drug to characterize the release profile

from the designed composite materials. Phosphate-buffered

saline (PBS) (Sigma-Aldrich Co.), glutaraldehyde (Fluka),

and alcohol (Aldrich Chemical Co.) were used for the

platelet adhesion test. Double-deionized water (by osmo-

sis) was used in the experiments.

2.2 Synthesis of pHEMA and SiO2/pHEMA composite

The pHEMA and SiO2/pHEMA composite were prepared

by free-radical photopolymerization at room temperature.

The content of the HEMA monomer, EGDMA, SiO2 sus-

pension, and the solvent (H2O) during the polymerization

are summarized in Table 1. The composites of x wt%

solvent (H2O) and y wt% nanosilica particles in the reac-

tion solution are designated as ySixH. The overall

nanosilica particles loading was varied in the range of

0–9 wt% for the composites, indicated as ‘‘y’’ in the

abbreviations in Table 1. The composition of the com-

posites determines the structure of the resulting composite.

The concentrations of the initiator and crosslink agent were

0.1 wt% and 2 wt%, respectively, based on the HEMA

weight. The reaction solution was well mixed by an

ultrasonic degasser for 5 min. The well-mixed and unsep-

arated reaction solution was injected into a mold and then

polymerized to form a composite by UV light exposure at

254 nm for 2 h.

2.3 Characterization

The morphology and structures of the SiO2/pHEMA

composites were examined by field-emission scanning

electron microscopy (FE-SEM, JAM-6500F). Microstruc-

ture observations were performed using a Philips Tecnai 20

(Holland, The Netherlands) transmission electron micro-

scope operated at 200 keV. The ultrathin sections of the

composites were prepared using a Leica EM UC6 Ultra-

microtome with EMFCS cryoattachment at room

temperature. The cross-sections measuring approximately

100 nm in thickness were obtained by using a diamond

knife. The ultrathin films of the composites were directly

placed on the copper grids. The tensile mechanical prop-

erties of the hybrid composites were measured in wet state

by first immersing the composites in water for 2 h and then

evaluating through a complete system of MTS Tytron

250 and TestStar IIs systems in a crosshead speed of

Table 1 pHEMA and SiO2/pHEMA composites

Sample name HEMA (Wt%) SiO2 (Wt%) H2O (Wt%)

PHEMA 97.5 0 0

35H 62.5 0 35

50H 47.5 0 50

4Si35H 58.5 4 35

9Si35H 53.47 9 35

2Si50H 45.5 2 50

4Si50H 43.5 4 50

9Si50H 38.5 9 50
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10 mm min-1 at 25�C. The initial cross section (10 mm2)

was used to calculate the tensile strengths and the tensile

modulus. Five parallel measurements were carried out for

each sample. The phase transitions of water in the polymer

were measured with a differential scanning calorimeter

(DSC, Perkin Elmer), equipped with a low-temperature

cooling apparatus. The hydrated sample (5–10 mg) was

placed in an aluminum pan. The sample was first cooled to

-60�C and then heated to 20�C at the rate of 5.0�C/min.

The heating process was monitored. The topology of the

pHEMA and SiO2/pHEMA surfaces was studied by atomic

force microscopy (AFM) using a NanoScope Multimode

atomic force microscope (Digital Instruments, Inc.). The

images were recorded with standard tips in contact mode at

a scan rate of 1.0 Hz. The root-mean-square (RMS) surface

roughness of the membranes was also determined.

2.4 In vitro release kinetics

The procedure for drug release tests has been demonstrated

in an earlier study [16]. In brief, the test was performed in a

vessel containing two compartment chambers of equal

volume; one chamber (considered as the donor side) con-

tained 90 ml of 2,000 ppm vitamin B12 in PBS (pH 7.4)

and the other chamber was loaded with only drug-free PBS

(pH 7.4). Each chamber was mechanically stirred during

the test. The concentration of vitamin B12 in the medium

was measured by a UV-VIS spectrometer (SP-8001; Me-

tertech Inc.) at 361 nm. The permeability was calculated

according to Eq. (1) [16]:

ln
C10

C1 � C2

� �
¼ 2½DH�At

dV
ð1Þ

where H is the partition coefficient, D is the effective

diffusion coefficient, A is the effective area of the

membrane, d is the thickness of the membrane which

was measured by digital thickness gauges (ASTM D926)

with five parallel measurements for each sample, V is the

solution volume (90 ml), C10 is the initial concentration

(at t = 0) of the drug in the donor solution. C1 and C2 are

the concentrations in the donor and receptor chambers,

respectively, at a given time period (t = t) of diffusion.

By plotting ln[C10/(C1–C2)] versus time, the permeability

[DH] can be obtained from the slope of the line. The

apparent partition coefficient (H) of vitamin B12 for

pHEMA, p(water/pHEMA), and SiO2/pHEMA composite

membranes can be determined as follows [17]. The wet

weight (W) of the membranes was recorded after

immersing drug-free membranes (1 g) in the release

medium (drug-free PBS, pH 7.4) for 2 days. The wet

membranes were then immersed in 10 ml of 2,000 ppm

vitamin B12-containing medium. The partition coefficient

(H) is determined from the initial (C0) and equilibrium

(Ce) concentrations of vitamin B12-containing mediums

by Eq. (2):

H ¼ 10 C0 � Ceð Þ=WCe ð2Þ

2.5 Platelet adhesion assessment

The pHEMA and SiO2/pHEMA composite membranes

were equilibrated with PBS for 24 h in a constant-tem-

perature bath. The membranes (1 cm2) were placed into the

24-well culture plates in contact with 1 ml of human

platelet-rich plasma (PRP) and were incubated at 37�C for

1 h. Then, 6 ml of PBS was added to the PRP and retained

for l min to prevent further platelet adhesion. Adhering

platelets were fixed with 2% (w/v) glutaraldehyde solution

in PBS at 4�C for 1 h. The platelets fixed on the membrane

surfaces were rinsed 3 times with PBS and dehydrated with

graded ethanol. They were then characterized by an elec-

tron microscope. Five parallel measurements were carried

out for each sample.

3 Results and discussion

3.1 Microstructure and physical characterization

Figure 1 shows the cross-sectional microstructure of the

SiO2/pHEMA composites with different amounts of H2O

and SiO2 concentrations during polymerization. It was

observed that, in Fig. 1(a), sample 35H showed a consid-

erably dense and uniform microstructure with no visually

observable voids, which is similar to that of pure pHEMA

membrane (0H) (not shown in Fig. 1), i.e., without the use

of water. However, on increasing the amount of water

during the synthesis of pHEMA, i.e., 50H, the resultant

samples presented a loose microstructure, as illustrated in

Fig. 1(b). This is because although water is a good solvent

for the HEMA monomer, it turned to be a poor solvent

upon polymerization, i.e., for the HEMA polymer or

pHEMA. Phase segregation between water and pHEMA

phases may accordingly cause a change in the resultant

microstructure. In the presence of water, a transparent,

homogeneous pHEMA membrane can be obtained only

when the concentration of water is below a certain critical

value (between 40% and 60%) [18]. When the water con-

centration exceeds the critical value, phase separation

occurs due to the thermodynamic interaction between

water and the polymer network, resulting in an opaque,

heterogeneous pHEMA hydrogel.

With the incorporation of the silica nanoparticles toge-

ther with a sufficient amount of water in the starting

solution, the resulting composite membranes of 4Si35H

and 4Si50H, shown in Fig. 1(c) and (d), exhibited a

wrinkled structure. In contrast to the sample without SiO2
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particles, 4Si35H and 4Si50H presented a rougher surface

morphology. With a further increase in the content of silica

nanoparticles, i.e., sample 9Si35H (Fig. 1(e)) showed a

nanoporous structure developed in the composite. Simi-

larly, for sample 9Si50H, with higher water and silica

nanoparticles contents, a submicroporous structure was

developed, as illustrated in Fig. 1(f), indicating that the

addition of SiO2 nanoparticles induced the formation of

nano-to-micro pores. The variation in microstructural

evolution of the composites suggests that the presence of

the SiO2 nanoparticles does play an important role in the

evolution of nanoporosity during synthesis.

The development of a nanoporous structure in the pres-

ence of the nanoparticles suggests that the nanoparticles

may act as a heterodomain that induce phase separation,

thus forming nanoporosity in the SiO2/pHEMA composite.

As shown in Fig. 1(e), the nanopores developed during UV

polymerization were randomly distributed in the composite.

These nanopores percolated into a continuous network

throughout the composite structure (Fig. 1(f)).

Radical polymerization has been known as the reaction

responsible for the synthesis of polymeric HEMA; how-

ever, this reaction is expected to take place without

interference in the regions at a distance away from the site

of the SiO2 nanoparticles, which is termed as a ‘‘bulk

region.’’ Nevertheless, in the region (termed ‘‘domain

region’’) that is close to the vicinity of the nanoparticles,

the polymerization rate of the HEMA monomers is cata-

lytically accelerated over the ‘‘bulk region.’’ Thus, the

monomers near the silica nanoparticles can be cured at a

faster rate under UV irradiation than those of the bulk

regions [19–21]. Hence, the difference in the rate of

polymerization between the ‘‘domain regions’’ and ‘‘bulk

regions’’ induced the formation of heterodomains. It is

believed that a phase separation should take place once the

heterodomains are fully developed; this would result in a

nanoporous structure in the final composite. Furthermore,

the diffraction efficiency of the UV light can be enhanced

by the presence of nanoparticles [22, 23] so that the pres-

ence of SiO2 nanoparticles is expected to accelerate the

Fig. 1 SEM micrographs of

cross-section image of various

SiO2/pHEMA composites
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polymerization rate and accordingly, the regions near the

nanoparticles polymerize faster than other regions that are

far from the nanoparticles is expected. As increasing the

content of SiO2 nanoparticles, it was found that the for-

mation of porous structure of the membranes was enhanced

for the samples of 4Si50H and 9Si50H, shown in Fig. 1(d)

and (f). In other words, it indicates that the acceleration of

polymerization rate could be enhanced by SiO2 nanopar-

ticles, inducing the phase separation of polymer and the

nanoporous structure.

Figure 2 shows that the tensile strength is decreased

with increasing water concentration for the samples with-

out silica nanoparticles. This has been explained to be a

result of a lower degree of crosslinking during polymeri-

zation. However, a considerable improvement in the tensile

strength can be detected for the SiO2/pHEMA composites.

It was noted that the tensile strength of the 35H samples

increases with the addition of silica nanoparticles up to

4 wt%. This mechanical reinforcement effect of the silica

nanoparticles can be referred to an earlier argument where

the silica nanoparticles enhanced the degree of polymeri-

zation and possibly interacted with the pHEMA matrix

although numerous nanopores were formed in the matrix

polymer [19]. Those nanopores appear to have little effect

on the deterioration of the tensile strength of the 9Si35H

composites, and it is believed that the silica nanoparticles

do provide an advantage in mechanical reinforcement. The

same scenario is prevalent for other compositions except

for the sample 9Si50H for which the tensile strength was

decreased compared with that of the sample 4Si90H. The

explanation for this exception in the sample 9Si50H is due

to the water content exceeding a critical value (40%)

during the synthesis of SiO2/pHEMA where a considerable

phase separation may have occurred, resulting in a com-

posite with a higher porosity, as evidenced in Fig. 1(f).

A further characterization of the composite materials

SiO2/pHEMA, in comparison to pHEMA, was performed

by undertaking swelling experiments. The dried compos-

ites and pHEMA were placed in the distilled water and the

water uptake was recorded by gravimetric measurement at

different time durations. The swelling properties of the

composites and pHEMA are shown in Fig. 3, both SiO2/

pHEMA composites of ySi35H and ySi50H series show

higher equilibrium swelling than pHEMA. The water

absorption of SiO2/pHEMA composites increases corre-

sponding to the content of silica nanoparticles and the

effect is enhanced by increasing the amount of water in the

starting reaction solution as illustrated in the ySi50H

curves. The swelling ratio of the hydrogel was observed to

be dependent on its free volume, the degree of chain

flexibility, cross-link density, and hydrophilicity [24]. The

change in the swelling ratio might be attributed to the

presence of hydrophilic nanosilica in the composite and an

enhanced ability of water storage as a result of the nano-

porous structure developed in the composites. Thus, an

increased swelling ratio can be expected [25].

3.2 Platelet adhesion

Platelet reactivity, measured by the degree of adhesion of

platelets to a given surface in vitro, has been proposed as

an indication of thrombogenicity for a given material

entity. Scanning electron micrographs of the platelet

adhesion on pHEMA and SiO2/pHEMA composite mem-

branes are shown in Fig. 4. Trace amounts of platelets

anchored on the surface of the SiO2/pHEMA composite

membrane were detected; these findings closely resembled

those observed for the neat pHEMA membrane. A number

of surface properties affect platelet adhesion, such as sur-

face roughness, surface charge, and surface energy; the
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close resemblance between the behavior of platelet adhe-

sion for neat pHEMA and for the composites suggests that

these factors may be compromised to some extent with the

addition of the SiO2 nanoparticles and water. From an

earlier argument regarding the microstructural evolution

following SiO2 and water incorporation, we examined in

particular the surface roughness of the composite surfaces

of interest using 3-D AFM, as shown in Fig. 5(a) and (b).

The mean square surface roughness (Ra) in a 10 9 10 lm2

surface region for 35H pHEMA was approximately

56.5 nm; for the 9Si35H composite (i.e., 9 wt% SiO2

nanoparticles), it increased to 60.8 nm, that is, by a factor

of approximately 7.6% compared to that of 35H pHEMA.

This finding indicates that the addition of a small amount of

SiO2 nanoparticles into pHEMA had a little or negligible

effect on surface roughness. Although no direct evidence

can be provided in this investigation for other surface

characters, it was believed that the surface properties may

remain intact following a small addition of the nanopar-

ticulate phase. This, together with the aforementioned

improved properties, encourages the use of such compos-

ites for antithrombotic applications.

Furthermore, there has been greater evidence to dem-

onstrate that the water state in polymers exerts a vital role

in the biomedical properties of materials [26, 27]. In gen-

eral, water in a polymer can be classified into three types:

nonfreezing water, freezing bound water (cold crystalliz-

able water), and free water [28, 29]. Freezing bound water

has been reported to play an important role in hemocom-

patibility [30]. Therefore, it is important to further confirm

whether these SiO2/pHEMA composites have freezing

bound water or not. The water structure in the pHEMA and

SiO2/pHEMA composites as obtained by DSC is disclosed

in Fig. 6. In the DSC analysis of pHEMA, the only

observed peak is the endothermic one at 2–5�C, assigned to

the fusion of ice of free water. In the case of the 9Si35H

composite, two exothermic peaks at -30�C to -50�C and

a broad endothermic peak at -5�C to 2.5�C were observed.

The typical exothermic peak at -45�C to -35�C (DHcc)

on heating was assigned to the cold crystallization of water

that was defined as freezing bound water [30]. The result of

the melting point indicates that the endothermic peak at

-5�C to 2.5�C, DHm, is assigned to the fusion of ice of

cold crystallized water (freezing bound water). Therefore,

the water state in the SiO2/pHEMA composite is composed
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of 2 types of water: free water and freezing bound water.

The freezing bound water existing in the SiO2/pHEMA

composites may provide excellent compatibility with

platelets. These analyses are consistent with the afore-

mentioned observation that the addition of SiO2

nanoparticles does exhibit slightly reduced platelet

adhesion.

3.3 Drug release characterization

The drug release profiles of the pHEMA and SiO2/pHEMA

composites are shown in Fig. 7 wherein vitamin B12 was

used as a model molecule. The release profiles of vitamin

B12 for samples pHEMA, 35H, 50H, 4Si35H, 9Si35H, and

2Si50H showed a similar two-stage pattern consisting of a

slow release in the first stage and a rapid release in the

second stage. From the profile, the permeability of vitamin

B12 is almost unchanged at the beginning but slightly

increased in the second stage. Both stages follow a steady-

state linear diffusion mode. The two-stage release profile

may be attributed to the variation of the partition coeffi-

cient H that is a function of the concentration of the

permeant dissolved in the membrane [31].

The partition coefficient is sensitive to the chemical and

physical properties of both the permeant and the matrix

system, including those of the polar groups and functional

groups of the pHEMA and B12, and the microstructure of

the composite. However, it is difficult and impractical to

differentiate the influence of individual characters on

resultant drug release patterns; alternatively, these can be

represented by the partition coefficient of the materials

system. As illustrated in Table 2, the partition coefficient

of the 0H, 35H, 50H, 4Si35H, 9Si35H, and 2Si50H sam-

ples shows a higher value in the second stage of drug

release than in the first stage. This slight increase in the

drug release rate in the second stage may be due to the

complete swelling of the polymer matrix, corresponding to

a higher diffusion rate. As evidenced in Fig. 8(a), sample

35H shows a dense structure before the swelling test;

however, after approximately 20 days of the test, it became

highly porous (Fig. 8(b)). The same scenario was also

observed for samples 50H (Fig. 8(c)) and 9Si35H

(Fig. 8(d)), wherein the latter showed the evolution of a

greater number of completely swollen pores than that in the

former. The variation in microstructural evolution is con-

sistent with the drug diffusion characteristic in the second

stage where the drug permeability of 9Si35H is higher than

that of 35H and 50H. In addition, it was also noted in Fig. 7

that the addition of the silica nanoparticles increased the

drug release rate in the second stage such as observed in the

cases of 50H vs. 2Si50H and 35H vs. 9Si35H. One plau-

sible explanation is that the evolution of these nanopores

that underwent enlargement upon complete swelling cre-

ated larger voids, enabling a greater number of drug
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Fig. 7 Drug release profiles of pHEMA and SiO2/pHEMA

composites

Table 2 The permeability [DH] of B12 of pHEMA and SiO2/pHEMA composites

Two-stage Only one stage

Stage 1 Stage 2

Permeability [DH]1

(10-7 cm2/hr)

Partition

coefficient

Permeability

[DH]2 (10-7 cm2/h)

Partition coefficient Permeability [DH]

(10-7 cm2/h)

pHEMA 2.31 5.67 9 10-4 4.22 8.72 9 10-4 NA

35 H 2.39 6.72 9 10-4 5.28 2.32 9 10-3 NA

50 H 2.64 6.82 9 10-4 5.75 3.88 9 10-3 NA

4Si35H 2.71 7.12 9 10-4 6.02 1.32 9 10-3 NA

9Si35H 4.32 7.84 9 10-4 8.14 5.27 9 10-3 NA

2Si50H 7.29 6.87 9 10-4 13.35 4.98 9 10-3 NA

4Si50H NA NA 178

9Si50H NA NA 392
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molecules to diffuse into the environment. However, the

presence of the SiO2 nanoparticles does not appear to be an

effective physical barrier for retarding drug diffusion

through the composite membrane in these compositions.

In contrast, for samples with higher water incorporation

during the course of synthesis, i.e., typically [ 35%, the

incorporation of a certain critical amount of the SiO2

nanoparticles appeared to manipulate drug release, from a

two-stage profile (samples 50H and 2Si50H) to a one-stage

profile (samples 4Si50H and 9Si50H). Since a higher per-

meability [DH] was determined for samples 4Si50H and

9Si50H, which is similar to that observed for the second-

stage profile of those samples, it is then believed that this

one-stage release profile indicates that the release of drug is

dominantly controlled by porosity. In other words, higher

water and SiO2 nanoparticles concentrations ensure a higher

porosity of the resulting composites, rendering higher

release rates and a corresponding higher permeability.

The influence of SiO2 nanoparticles on the permeability

of the resulting composites is illustrated in Fig. 9, with

35% and 50% water incorporation during the synthesis.

The permeability of the Vitamin B12 increased linearly

corresponding to the SiO2 concentration when 50% water

was incorporated during polymerization in the starting

solution (i.e., 50H, 4Si50H, and 9Si50H). However, this

permeability remains relatively unchanged with increasing

concentrations of the SiO2 nanoparticles for samples with

35% water incorporation. According to an earlier study, the

critical water concentration for an effective phase separa-

tion should be greater than 35% for such an experiment,

and the increase in nanoparticles, corresponding to an

increase in nanoporosity, appeared to have little effect on

the resultant drug diffusion. As shown in Fig. 10, the

incorporation of SiO2 nanoparticles increased the nanopore

structure of the SiO2/pHEMA composite. It was believed to

be a compromise between the nanopore (as a diffusion

conduit) and nanoparticle (as a physical barrier). However,

higher water incorporation enhanced phase separation,

which became more pronounced when the nanoparticles

were introduced. This resulted in a more porous micro-

structure and thus enhanced drug diffusion.

Fig. 8 SEM photographs of (a)

35H before drug diffusion and

after drug diffusion for (b) 35H,

(c) 9Si35H, and (d) 50H
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Fig. 9 Permeability [DH] of B12 at stage 2 of SiO2/pHEMA

composite
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4 Conclusions

Nanoporous SiO2/pHEMA composites were prepared by

the photopolymerization process. In comparison with neat

pHEMA, the addition of SiO2 nanoparticles revealed a

significant effect on the reaction rate of crosslinking during

polymerization, resulting in composites with varying

nanoporous structures. The composites showed improved

tensile strength, and the platelet adhesion property

remained as excellent as that of neat pHEMA, which

encourages the use of such composites for antithrombotic

applications. Drug diffusion characteristics in the com-

posites can be well modulated by controlling the

concentrations of the SiO2 nanoparticles and water in the

starting stage of synthesis. By taking into consideration the

aforementioned improved properties, it is suggested that

the nanoporous SiO2/pHEMA composites can be employed

as candidate biomaterials for coatings or as bulk devices

for a number of biomedical applications.
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