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ABSTRACT: Hybrid nanocomposites of poly(2-hydroxyethyl methacrylate) (PHEMA) and TiO2 nanoparticles were synthesized via sur-

face thiol-lactam initiated radical polymerization by following the grafting from strategy. Initially, TiO2 nanoparticles were modified

by 3-mercaptopropyl trimethoxysilane to prepare thiol functionalized TiO2 nanoparticles (TiO2ASH). Subsequently, surface initiated

polymerization of 2-hydroxyethyl methacrylate was conducted by using TiO2ASH and butyrolactam as an initiating system. The

anchoring of PHEMA onto the surface of TiO2 nanoparticles was investigated by FTIR, 1H-NMR, XPS, TGA, and XRD analyses. The

experimental results indicated a strong interaction between PHEMA and TiO2 nanoparticles owing to covalent bonding. The TEM

and SEM images of PHEMA-g-TiO2 showed that the agglomeration propensity of TiO2 nanoparticles was significantly reduced upon

the PHEMA functionalization. The molecular weight and polydispersity index of the cleaved PHEMA from the surface of TiO2 nano-

composites were estimated by GPC analysis. An improved thermal property of the nanocomposites was observed from TGA analysis.

PHEMA-g-TiO2 nanocomposites were found to be highly dispersible in organic solvents. VC 2012 Wiley Periodicals, Inc. J. Appl. Polym. Sci.

000: 000–000, 2012

KEYWORDS: TiO2 nanoparticles; poly(2-hydroxyethyl methacrylate); hybrid nanocomposites; polymer brush; surface initiated polymer-
ization; grafting from

Received 30 August 2011; accepted 12 April 2012; published online
DOI: 10.1002/app.37879

INTRODUCTION

Over the past few decades, development of novel materials with

desired properties has attracted tremendous attention in mate-

rial sciences due to their versatile applications. More specifically,

nanocomposites comprising biocompatible polymer matrices

and inorganic nanoparticle fillers have become a dependable

source of composite biomaterials for tissue engineering scaffolds

and biomedical implants and devices.1–5 It is well known that

incorporation of ceramic nanoparticles, such as alumina or tita-

nia to polymer matrices significantly alters their physical, me-

chanical and biological properties.6–8 Recently, TiO2 has drawn

considerable interest because of their potential applications as

chemical sensors, biomedical materials, and a glass coating ma-

terial for antifogging and self-cleaning. A few studies have dem-

onstrated that TiO2 could act as a bioactive material by exhibit-

ing strong interfacial bonding to living tissue.9–12

In some biomedical applications, it is desirable to functionalize

TiO2 with polymer shells bearing specific functional groups

capable of conjugation or immobilization of foreign biological

molecules. Poly(2-hydroxyethyl methacrylate) (PHEMA) is one

of the most widely used hydrogels for various biomedical appli-

cations such as drug delivery systems, tissue engineering, and

contact lenses because of its biocompatibility.13–17 High density

of hydroxyl groups within PHEMA hydrogels provides a hydro-

philic surface that exhibits low interfacial free energy with most

body fluids, resulting in minimal adhesion of proteins and cells

to their surfaces. The combination of excellent biocompatible

properties of PHEMA and the beneficial characteristics of TiO2

produced a promising composite biomaterial for tissue engi-

neering scaffolds and biomedical implants and devices.18–22

Numerous strategies for improving the interfacial bonding and

overall performance of polymer nanocomposites have been

reported.23–25 The grafting from method is currently put in

practice to carry out the direct polymerization on solid surfaces.

The advantage of grafting from strategy over other surface

modification methods is their ability to precisely control the
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molecular weight and grafting thickness coupled with a high

degree of synthetic flexibility towards the introduction of a vari-

ety of functional groups.26–30 Recently, a few reports have been

published on the grafting of PHEMA or its copolymer onto

TiO2 surfaces including controlled radical polymerization.31–33

Development of a facile and more effective strategy for the sur-

face grafting of TiO2 nanoparticles by biocompatible PHEMA is

required to fabricate well dispersed nanocomposites. We have

recently reported a simple grafting from protocol for the syn-

thesis of inorganic/polymer nanocomposites materials via sur-

face thiol-lactam initiated radical polymerization (TLIRP) tech-

nique using surface bonded thiol functionalized nanoparticles

and butyrolactam (BL).34–36 Because of its tolerance to a wide

range of reaction conditions, the TLIRP protocol could be

thought as a simple and efficient operational method for the

surface modification of nanoparticles.

In this study, chemically anchored PHEMA with TiO2 nanopar-

ticles was realized by using the facile TLIRP technique using the

grafting from strategy. TiO2 nanoparticles were functionalized

by thiol groups and the subsequent grafting polymerization of

HEMA from the TiO2ASH surface was accomplished in the

presence of BL. The surface composition, morphology and

properties of the synthesized nanocomposites were investigated

by respective spectroscopic and physical analyses.

EXPERIMENTAL

Materials

3-mercaptopropyl-trimethoxysilane (MPTMS), BL, TiO2 nano-

particles (anatase), methanol, and toluene were purchased from

Aldrich and used as received. HEMA was passed through a

short column of basic alumina to remove inhibitors. Tetrahy-

drofuran (THF) was dried over CaH2 and distilled prior to use.

Preparation of Thiol Functional TiO2 Nanoparticles

(TiO2ASH)

The grafting of MPTMS on the surface of TiO2 nanoparticles was

carried out according to the reported procedure.34 After dispersing

10 g of TiO2 nanoparticles in 200 mL of toluene, an excess

amount of MPTMS was added and the resulting solution was

stirred for 24 h under argon atmosphere. Modified TiO2 nanopar-

ticles were isolated by centrifugation and washed repeatedly with

toluene. Finally, it was dried at 40�C under vacuum for 24 h.

Synthesis of PHEMA Grafted TiO2 Nanoparticles (PHEMA-g-

TiO2)

A typical procedure for the synthesis of PHEMA-g-TiO2 nano-

composites by TLIRP is as follows: 1 g of HEMA, 0.2 g of

TiO2-SH, 0.4 g of BL, 3 mL of THF and a Teflon-coated stir

bar were placed in a 25 mL round flask equipped with a reflux

condenser. The flask was purged with nitrogen, heated to 80�C
and kept stirring. By the end of the reaction, the viscosity of the

reaction mixture increased dramatically. After the required time

(8 h), the flask was cooled to room temperature and the reac-

tion mixture was precipitated in a large excess of diethyl ether,

and washed three times with THF. Finally, PHEMA-g-TiO2

nanocomposites were dried in a vacuum oven at 40�C for over-

night. A synthetic route for the preparation of PHEMA-g-TiO2

is shown in Scheme 1.

Cleavage of the Grafted PHEMA from PHEMA-g-TiO2

Nanocomposites

To determine the number-averaged molecular weight (Mn) and

polydispersity index (PDI ¼ Mw/Mn) of the grafted PHEMA,

the PHEMA chains were cleaved from the PHEMA-g-TiO2

nanocomposites using the following method. One hundred

milligram of the PHEMA-g-TiO2 nanocomposites were dis-

solved in the mixture of 1 mL of HCl (2 M) and 10 mL of N,

N-dimethylformamide (DMF). The solution was allowed to stir

at 80�C for 24 h. The cleaved PHEMA in the organic layer was

precipitated in diethyl ether. The product was dried in vacuum

at 40�C for 24 h.

Characterization and Measurements

The surface chemical bonding of TiO2ASH and PHEMA-g-TiO2

were investigated by Fourier transformed infrared spectropho-

tometry (FTIR) using a BOMEM Hartman & Braun FTIR Spec-

trometer in the frequency range of 4000–400 cm�1. Surface

composition was studied using X-ray photoelectron spectros-

copy (XPS) (Thermo VG Multilab 2000) in ultra high vacuum

with Al Ka radiation. The elemental analysis was carried out by

Scheme 1. The synthetic route for the preparation of PHEMA grafted TiO2 nanocomposites.
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using field emission scanning electron microscopy (FE-SEM)

equipped with an energy dispersive X-ray (EDX) spectrometer

(Hitachi JEOL- JSM-6700F system, Japan). Transmission elec-

tron microscopy (TEM) images were recorded using Joel JEM

2010 instrument (Japan) with an accelerating voltage of 200 kV.

The hydrodynamic size of the PHEMA-g-TiO2 nanocomposites

was determined by dynamic light scattering (DLS) using a

Brookhaven BI-200SM light scattering system (Brookhaven

Instruments) at a measurement angle of 90�. Thermogravimet-

ric analysis (TGA) was conducted with Perkin–Elmer Pyris 1

analyzer. Before the test, all the samples were carefully grinded

into fine powder. The samples were scanned within the temper-

ature range of 50–800�C at a heating rate of 10�C min�1 under

the continuous nitrogen flow. The crystallographic state of

PHEMA-g-TiO2 was determined by a Philips X’pert-MPD sys-

tem diffractometer (The Netherlands) with Cu Ka radiation.

The 1H-NMR spectrum of cleaved PHEMA was recorded using

a JNM-ECP 400 (JEOL) spectrophotometer in CD3OD. Gel per-

meation chromatography (GPC) analyses were carried out on

an Agilent 1200 series equipped with PLgel 5 lm MIXED-C col-

umns, with the DMF solvent at 30�C. The solution flow rate

was 1 mL/min. Calibration was carried out using PMMA

standards.

RESULTS AND DISCUSSION

The surface properties of TiO2 nanoparticles were investigated

using FTIR, EDX, and XPS. The characteristic strong absorption

bands at 3421 and 1633 cm�1 were observed in the pristine

TiO2 nanoparticles due to the AOH stretching vibrations and

HAOAH bending vibrations, respectively [Figure 1(A)]. The

absorption bands between 500 and 800 cm�1 are assigned to

the vibrations of TiAO and TiAOATi framework bonds.27 The

EDX and XPS analyses suggested the presence of Ti and O ele-

ments in TiO2 nanoparticles as shown in Figure 1(B, C). Figure

1(D) shows high-resolution oxygen (O 1s) spectra for TiO2

nanoparticles. These spectra show at least three resolved peaks

at 527.6, 529.5, and 530.7 eV. The most intense peak at 527.6

eV is attributed to the oxygen in the metal oxide, the lower in-

tensity peak at 529.5 eV is expected to be the oxygen in a sur-

face hydroxyl, and the relatively small peak at 530.7 eV can be

attributed to adsorbed molecular water and/or to the oxygen

present in the organic contamination. The number of hydroxyl

groups per unit area of TiO2 nanoparticles was estimated using

the reported method proposed by Dreiling35 and then developed

by Simmons and Beard.36 Using the measured relative inten-

sities of the O1s photoelectron signals from the hydroxyl and

oxide, the hydroxyl concentration of the TiO2 nanoparticles was

calculated to be 4.08 hydroxyl/nm2. This value is good agree-

ment with the values those reported in the literature.37–39

XPS and FTIR results suggested that TiO2 nanoparticles had sig-

nificant amounts of hydroxyl groups on the surface. The initia-

tors (MPTMS) were immobilized on the surface of the TiO2 in

one reaction step via ligand-exchanging reaction between the

hydroxyl groups on the surface of TiO2 and triethoxysilane

Figure 1. (A) FTIR spectrum, (B) EDX spectrum, (C) wide-scan spectrum, and (D) O1s core-level signals of TiO2 nanoparticles. [Color figure can be

viewed in the online issue, which is available at wileyonlinelibrary.com.]
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groups of MPTMS to produce TiO2ASH. The FTIR spectrum

of TiO2ASH shows the characteristic absorptions at 2822 and

2928 cm�1 due to the aliphatic CAH stretching of the coupling

agent residues [Figure 2(A)]. Stretching vibration bands for

SiAOASi and SiAC bonds at 1194 and 1252 cm�1 are attrib-

uted to silane groups. The MPTMS functionalized TiO2 nano-

particles gives a weak but visible absorption band at 2573 cm�1

is assigned to the SAH stretching band, which is not observed

in the absorption spectrum of pristine TiO2 nanoparticles, indi-

cating the chemical anchoring of MPTMS onto TiO2 nanopar-

ticles. The EDX analysis of TiO2ASH nanoparticles shows a

small but detectable signal ascribed to the sulfur atoms on their

surfaces [Figure 2(B)]. To verify the presence of thiol groups on

TiO2 nano-surfaces, the XPS experiment was carried out for

TiO2ASH [Figure 2(C)]. As expected, significant peaks for oxy-

gen, titanium, carbon, sulfur, and silicon were observed. It is

noteworthy that the characteristic S2p peak of the SAH bond is

observed at 163.1 eV, which confirms the presence of active

thiol groups on TiO2 surfaces [Figure 2(D)].

The surface initiated grafting polymerization of HEMA from

TiO2 nanoparticles was carried out in the presence of TiO2ASH

and BL to afford PHEMA-g-TiO2 nanocomposites. In the FTIR

spectrum of PHEMA-g-TiO2, the broad absorption band at

3022–3647 cm�1 is due to the OAH stretching and an increase

in intensity at 2927 cm�1 is due to CAH stretching [Figure

3(A-i)]. A new absorption band which appears at 1724 cm�1

indicates the characteristic carbonyl (C¼¼O) stretching band.

The absorption bands at 1180–1225 cm�1 may originate from

the stretching vibrations of ACAOA in the ester groups. The

broad absorption bands at 500–800 cm�1 correspond to

TiAOATi stretching vibrations which appear in all the TiO2

related samples, and the peak observed at 1634 cm�1 indicates

the presence of physically adsorbed water in the TiO2 samples.24

The FTIR spectrum of the PHEMA cleaved from the PHEMA-

g-TiO2 nanocomposites [Figure 3(A-ii)] shows multiple bands

at 3450 (OAH stretching) and 1728 cm�1 (AC¼¼O stretching).

The bands in the range of 2700–2950 cm�1 are attributed to

CAH stretching of methyl (ACH3) and methylene (ACH2A)

groups, and the band at 1450 cm�1 is ascribed to ACAH bend-

ing. These FTIR results suggest that the grafting polymerization

of HEMA from TiO2 nanoparticles surface via the TiO2-SH/BL

initiated process was successfully occurred.

Furthermore, the EDX scan of PHEMA-g-TiO2 nanocomposites

reveals the characteristic peaks of Ti, C, O, S, and Si as shown

in the Figure 3(B). The XPS spectrum of PHEMA-g-TiO2 nano-

composites is fully consistent with what is expected from a

monolayer of PHEMA. After grafting of PHEMA, the C1s peak

with high intensity slightly shifted to a higher binding energy

(BE) [Figure 3(C)] than ungrafted TiO2 nanoparticles [Figure

1(C)], indicating that the polymeric chains were directly grafted

Figure 2. (A) FTIR spectrum, (B) EDX spectrum, (C) wide-scan spectrum, and (D) S2p core-level signals of TiO2ASH nanoparticles. [Color figure can

be viewed in the online issue, which is available at wileyonlinelibrary.com.]
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from the surfaces of TiO2 nanoparticles. The narrow scan C1s

core-level spectra of PHEMA-g-TiO2 show BE values of 284.6,

286.3, and 288.8 eV which are assigned to the CAH, CAOH,

and O¼¼CAO, respectively [Figure 3(D)].20

To analyze the structure and molecular weight of the grafted

polymer, the grafted polymer chains were cleaved from

PHEMA-g-TiO2 nanocomposites using aqueous HCl. The 1H-

NMR spectrum of the cleaved PHEMA is shown in Figure 4(A).

The peaks at 0.8–1.05 ppm (b) are mainly attributable to the

protons of methyl groups of CACH3 in the polymer backbone

and the broad peak at 2.02–2.11 ppm can be assigned to the

hydroxyl proton (e). The peaks at 1.81, 3.81, and 4.04 ppm

could be ascribed to the methylene protons of (a), (d), and (c),

respectively, which are based on the backbone protons of the

PHEMA. The peaks at 4.9 and 3.3 ppm can be attributed to the

CH3OH solvent peaks. The 1H-NMR analysis further suggests

that the synthesis of PHEMA-g-TiO2 was successful. The num-

ber-average molecular weight (Mn) and molecular weight distri-

bution (PDI) of the cleaved PHEMA was determined to be

15.900 g/mol and 1.34, respectively, as measured by the GPC

analysis [Figure 4(B)].

To examine the composition effect on the thermal degradation

of the PHEMA-g-TiO2 nanocomposites, TGA analysis was per-

formed for all the samples in the temperature range from 50 to

800�C (Figure 5). The pristine TiO2 nanoparticles lost 2.1% of

weight when it was heated from room temperature to 800�C,
which may be due to the weight loss of the hydroxyl groups

and adsorbed matters on TiO2 nanoparticles [Figure 5(A)]. The

modified TiO2ASH lost 6.5% of weight at temperature 800�C
as shown in Figure 5(B). The TGA curve of PHEMA-g-TiO2

nanocomposites shows a major weight loss in the temperature

range from 285 to 430�C which is possibly due to the presence

of a significant amount of the combustible polymer [Figure

5(C)].

The char yards and decomposition temperature (Td) (at 20%

and 35% weight loss rate) of the cleaved PHEMA and PHEMA-

g-TiO2 nanocomposites are shown in Table I. In an attempt, it

was observed that the PHEMA lost 20% of weight at the Td of

281�C, on the contrary PHEMA-g-TiO2 nanocomposites lost

the same weight at Td of 359�C. The char yields of the cleaved

PHEMA and PHEMA-g-TiO2 nanocomposites at 800�C are

0.9% and 50.6%, respectively. This enhancement in the char for-

mation in the nanocomposites could be ascribed to the higher

heat resistance imparted by the TiO2.

The XRD patterns of the pristine TiO2 nanoparticles, TiO2-SH,

PHEMA-g-TiO2 and the cleaved PHEMA (from PHEMA-g-TiO2

nanocomposites) in the 2y range 5–80� are shown in Figure 6.

Surface-initiated thiol-lactam polymerization can be considered

to be an efficient way to realize the covalent connection of poly-

mer chains with inorganic particles. However, changes in the

Figure 3. (A) FTIR spectra of (i) PHEMA-g-TiO2 and (ii) the cleaved PHEMA (from PHEMA-g-TiO2 nanocomposites); (B) EDX scan; (C) wide-scan

spectrum, and (D) C1s core-level signals of PHEMA-g-TiO2 nanocomposites. [Color figure can be viewed in the online issue, which is available at

wileyonlinelibrary.com.]
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bulk properties or original crystalline state as well as the intrin-

sic properties of the nanoparticles are not desirable. Thus, to

ensure the selective reaction on the TiO2 surfaces along with the

maintenance of crystalline properties of TiO2 is one of the most

desired strategy. The pristine TiO2 nanoparticles exhibited sev-

eral sharp peaks centered at 2h ¼ 25.46, 37.89, 48.18, 54.10,

55.18, 62.77, 69.04, 70.28, and 76.47, which correspond to the

(101), (112), (200), (105), (211), (204), (116), (220), and (215)

reflections, respectively, suggesting the anatase form of TiO2

nanoparticles [Figure 6(A)].27 In the XRD scans, the main peaks

of TiO2ASH and PHEMA-g-TiO2 nanocomposites are similar

to those of TiO2 nanoparticles. Upon surface modification of

TiO2 nanoparticles with PHEMA, a broad amorphous band

with a 2h value of 15.7� appeared, indicating the amorphous

state of PHEMA. The presence of amorphous peaks is attribut-

able to the molecular structures of the polymers. However, the

surface modification did not show any significant effect on the

crystallinity of TiO2 nanoparticles. It indicates that the nano-

composites possess a more ordered orientation than the neat

polymer owing to the inclusion of TiO2 nanoparticles. In addi-

tion, XRD pattern of the cleaved PHEMA, from nanocompo-

sites, shows broad peak in the region of 2h ¼ 10–20� which

indicates its amorphous state [Figure 6(D)]. All these results

suggest that the covalent attachment of PHEMA with TiO2

nanoparticles does not affect the crystallinity of nanoparticles

besides a well-ordered structure.

FE-SEM and TEM were used to investigate the morphology of

TiO2 nanoparticles before and after grafting PHEMA. The SEM

images of pristine TiO2 nanoparticles and PHEMA-g-TiO2

nanocomposites are shown in Figure 7. When compared to pris-

tine TiO2 nanoparticles [Figure 7(A)], the images of

Figure 4. (A) 1H-NMR spectrum and (B) the GPC trace of the cleaved

PHEMA from PHEMA-g-TiO2 nanocomposites.

Figure 5. TGA scans of (A) pristine TiO2 nanoparticles, (B) TiO2ASH,

(C) PHEMA-g-TiO2 nanocomposites, and (D) the cleaved PHEMA (from

PHEMA-g-TiO2 nanocomposites).

Table I. The Char Yards and Td (at 20% and 35% Weight Loss Rate) of

the Cleaved PHEMA and PHEMA-g-TiO2 Nanocomposites

Samples T 20%
d (oC) T 35%

d (oC)
Char yard
at 800�C (%)

Cleaved PHEMA 281 358 0.9

PHEMA-g-TiO2 359 408 50.6

Figure 6. XRD patterns of (A) TiO2 nanoparticles, (B) TiO2ASH, (C)

PHEMA-g-TiO2, and (D) the cleaved PHEMA (from PHEMA-g-TiO2

nanocomposites).
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nanocomposites [Figure 7(B, D)] demonstrate relatively spheri-

cal shape having the polymer layer, and it is observed that TiO2

nanoparticles are embedded in the polymer beads.

The TEM images of pristine TiO2 nanoparticles and PHEMA-g-

TiO2 nanocomposites are shown in Figure 8. The pristine TiO2

nanoparticles shows aggregation of particles [Figure 8(A, B)]

and the single electron diffraction pattern [inset Figure 8(A)]

consisting of rings, which indicates a good crystal structure of

the nanoparticle. In contrast, the PHEMA-g-TiO2 nanocompo-

sites are seen well dispersed which might be due to the steric

hindrance exerted by the grafted PHEMA [Figure 8(C, D)].

These results suggest that the dispersibility of TiO2 nanopar-

ticles is strongly influenced by the surface functionalization of

nanoparticles.

For different applications of nanoparticles, a key parameter is

their well dispersibility in either various solvents or polymeric

matrices. Upon modification of TiO2 nanoparticles via covalent

immobilization of PHEMA, it was expected to prevent aggrega-

tion of the nanoparticles and improved their dispersion stability

in solvents or polymer matrices. The photographs of dispersion

experiments of pristine TiO2 nanoparticles and PHEMA-g-TiO2

nanocomposites in toluene are shown in Figure 9. The pristine

TiO2 nanoparticles were found to be completely settled

down within a few minutes of being dispersed, whereas the

PHEMA-g-TiO2 demonstrated improved dispersibility and

remained stable for prolonged period. This remarkable difference

in the dispersibility between pristine TiO2 nanoparticles and

PHEMA-g-TiO2 nanocomposites could be explained in such a

way that the PHEMA chain might act as a steric stabilizing layer

to prevent agglomeration which dramatically increased the

colloidal stability in organic solvent. This result suggests that the

agglomeration propensity of TiO2 nanoparticles was remarkably

reduced upon covalent grafting of PHEMA. In addition, to obtain

information on the size and size distribution of PHEMA-g-TiO2

nanocomposites the DLS measurement was undertaken as shown

in Figure 9(C). From the DLS measurements, the average size of

PHEMA-g-TiO2 nanocomposites in methanol was estimated

to be 160 6 13 nm, suggesting their potential for utility in

biomedical applications.

CONCLUSIONS

In this work, a facile method to synthesize covalently immobi-

lize PHEMA onto TiO2 nanoparticles using the grafting from

approach has been demonstrated. At first, TiO2 nanoparticles

were treated with MPTMS to afford thiol functional surface

(TiO2ASH). The surface initiated polymerization of HEMA

with the aid of TiO2ASH and BL afforded PHEMA-g-TiO2

nanocomposites. The surface initiated radical polymerization

was studied by FTIR, 1H-NMR, XPS, XRD, TGA, TEM, and

SEM analyses. The FTIR data suggested that a covalent bond

was formed between TiO2 nanoparticles and PHEMA in the

nanocomposites. The molecular weight and PDI of the cleaved

PHEMA from PHEMA-g-TiO2 nanocomposites were measured

to be 15,900 and 1.34, respectively. It was observed that surface

Figure 7. SEM images of (A) pristine TiO2 nanoparticles, and (B, C, and D) PHEMA-g-TiO2 nanocomposites at different magnifications.
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functionalization using the grafting from strategy did not alter

the physical structure of TiO2 nanoparticles as suggested by the

XRD analysis. At the rate of 20% weight loss, the decomposition

temperature of cleaved PHEMA was found to be 281�C, in con-

trast, at the similar condition the decomposition temperature of

PHEMA-g-TiO2 nanocomposites was observed to be 359�C as

determined using TGA scan. The char yields of the cleaved

PHEMA and PHEMA-g-TiO2 nanocomposites at 800�C were cal-

culated to be 0.9% and 50.6%, respectively. The TEM results sug-

gest that the agglomeration tendency of TiO2 nanoparticles was

significantly reduced. The grafting of PHEMA significantly

increased the colloidal stability of TiO2 nanoparticles in organic

solvent. The hydrodynamic diameter of PHEMA-g-TiO2 nano-

composites in methanol was measured to be 160 6 13 nm.

Figure 8. TEM pictures of (A) pristine TiO2 nanoparticles and (C) PHEMA-g-TiO2 nanocomposites; pictures (B) and (D) are different magnifications of

(A) and (C), respectively.

Figure 9. Photographs of (i) pristine TiO2 nanoparticles and (ii) PHEMA-g-TiO2 nanocomposites dispersion in toluene after (A) 15 min, and (B) 12 h;

(C) the hydrodynamic diameters of PHEMA-g-TiO2 nanocomposites. [Color figure can be viewed in the online issue, which is available at

wileyonlinelibrary.com.]
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