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In this study, we investigate the potential use of TiO2@SiO2 and ZnO@SiO2 core/shell nanoparticles (NPs) as

effective UV shielding agent. In the typical synthesis, SiO2 was coated over different types of TiO2 (anatase

and rutile) and ZnO by sol-gel method. The synthesized TiO2@SiO2 and ZnO@SiO2 NPs were characterized

by UV-Vis, XRD, SEM and TEM. The UV-vis absorbance and transmittance spectra of core@shell NPs

showed an efficient blocking effect in the UV region and more than 90% transmittance in the visible region.

XRD and SAED studies confirmed the formation of amorphous SiO2 coated over the TiO2 and ZnO NPs. The

FESEM and TEM images shows that coating of SiO2 over the surface of anatase, rutile TiO2 and ZnO NPs

resulted in the increase in particle size by ~30 nm. In order to study the UV light shielding capability of the

samples, photocatalytic degradation of methylene blue dye on TiO2@SiO2 and ZnO@SiO2 NPs was

performed. Photocatalytic activity for both types of TiO2 NPs was partially suppressed. In comparison, the

photocatalytic activity of ZnO almost vanished after the SiO2 coating. 
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Introduction

For the past few years, increasing apprehension regarding

ultraviolet (UV) radiation dosage received from the sun has

pushed intensive studies on UV-blocking including both

black light and dangerous radiation.1-3 A relatively small

increase in UV radiation has a substantial impact on human

skin and eyes, the biosphere, and the production of ground-

level ozone. Therefore, there is a need to develop alternative

bulk transparent UV-shielding materials suitable for appli-

cations in UV-shielding windows, contact lenses, or glasses,

etc.2-4

A few metal oxides have been widely used as an excellent

UV absorber in outdoor textile and cosmetics products.5

Compared with organic UV absorbers, for instance, TiO2

and ZnO possess typical advantages of inorganic materials

such as physical and chemical stability under both high

temperature and UV irradiation, as well as low toxicity.6-10

TiO2 and ZnO nanoparticles (NPs) have received great atten-

tion because of their unique catalytic, electrical, gas sensing,

and optical properties. Their non-toxicity, good electrical,

optical, and piezoelectric behavior and other advantages

such as their low cost and extensive applications in diverse

areas are some of the reasons for this extensive attention.5-10

However, the application of TiO2 and ZnO as a UV ab-

sorber is limited in many practical areas because of the

inherent photocatalytic activity. For example, the photocata-

lysis results in color fading of fabrics and potential damage

of the skin cells.10-12 Hence, in order to utilize TiO2 and ZnO

NPs as UV absorbers in a safe and effective manner, it is of

particular importance to develop efficient methods to reduce

the photocatalytic activity of TiO2 and ZnO. One of the

approaches to the reduction of the photocatalytic activity of

these materials is to build a non-conducting barrier, such as

SiO2, between metal oxides and the surrounding medium to

prevent direct contact between them.12,13 SiO2-based compo-

site nanospheres are of particular interest to many appli-

cations because of their biocompatibility, chemical stability

and ease of surface modification with a wide range of func-

tional groups.14-18 By incorporating other types of materials,

such as quantum dots or magnetic nanoparticles, the compo-

site nanospheres can have multi-functionalized aspects. The

SiO2 shell can effectively block the photoactivity of the TiO2

and ZnO nanoparticles via confinement of the photogene-

rated electron hole pairs because its valence and conduction

band edges lie far lower and higher in energy than the

respective counter parts of TiO2 and ZnO.
19-21 Therefore,

under intense UV irradiation for a long term, the silica

coated TiO2 and ZnO NPs may still retain excellent stability.

Although reverse micoemulsion technique is considered

as one of the best methods to prepare well dispersed silica

coated ZnO or TiO2 nanocomposites, it requires expensive

surfactants and additional purification steps to remove the

surfactants and unreacted chemicals from the products. On

the basis of the above discussion, we established a simple

sol-gel protocol for the synthesis of convincingly well dis-

persed core@shell SiO2-coated TiO2 (anatase and rutile) and

ZnO NPs, which does not demand extensive purification

steps. To study the efficiency of SiO2 coating, we compared

their photocatalytic performance systematically. 
aThese authors contributed equally to this work.
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Experimental

Reagents. All chemicals used in this work were obtained

from the Sigma Aldrich Chemicals Co. Ltd. and are of

analytical reagent grade. Tetraethylorthosilicate (TEOS),

absolute ethanol, and aqueous ammonia solution (28 wt %)

were purchased from Sigma Aldrich (Korea). TiO2 (P25,

80% anatase, mean size of ~25 nm) and ZnO (BYK- 3840

Wrutzite, mean size of ~25 nm) was purchased from Degussa

(Germany) and BYK (USA). All these reagents were used as

received.

Synthesis of SiO2-Coated TiO2 and ZnO Nanoparticles.

SiO2 was coated onto the surface of TiO2 and ZnO NPs in

the following way. Rutile type TiO2 NPs was prepared by

heating anatase TiO2 at 600
oC for 4 h in air. SiO2 shell

coating over TiO2 and ZnO was achieved by a sol-gel method.

In a typical sol-gel method, about 0.1 g of TiO2 or ZnO NPs

were dispersed into 30 mL ethanol and sonicated for 30 min.

An appropriate amount (0.5 mL) of TEOS together with 20

mL of ethanol, 10 mL water and 0.5 mL aqueous ammonia

solution was then added into colloidal solution. The mixture

containing the TiO2/ZnO, TEOS, solvent and aqueous

ammonia solution was stirred for 2 h at room temperature.

After 2 h, the precipitate was isolated by centrifuging and

washed with ethanol and water several times. The as-

obtained product was dried at 100 oC under vacuum for 2 h.

Characterization of Core@shell Nanoparticles. The

crystal phase of the powder samples was analyzed using X-

ray diffraction with Cu Kα radiation (D/max RA, Rigaku).

The accelerating voltage and the applied current were 40 kV

and 30 mA, respectively. The morphology of core@shell

NPs was investigated using a JEOL JSM-6700F SEM micro-

scope. TEM and SAED measurements were carried out on a

JEOL JSM2100-F microscope operated at 100 kV. UV-vis

absorbance spectra were obtained using a Sinco S-4100

spectrometer. 

Photocatalytic Activities. In order to study the performance

of photocatalytic activity of core@shell NPs, degradation of

dye molecules was employed and monitored as model

reaction. We prepared 10 ppm methylene blue (MB) solution

by dissolving 10 mg powder in 1000 mL of distilled water.

We mixed 2 mg of catalyst with 30 mL of MB in a quartz

container and sonicated for 10 min to get a uniform disper-

sion. The samples were irradiated under stirring by a UV

(Newport Co., model 66984) light source. UV-vis absorbance

spectroscopy (Varian Cary 5000 UV-vis-NIR spectrophoto-

meter) was used to record the change in absorbance maxima

of the characteristic peaks of dye molecules. 

Results and Discussion

XRD Analysis. The XRD spectra of bare and silica coated

TiO2 and ZnO NPs are shown in Figure 1. From Figure 1, a

series of characteristic peaks of (a) anatase, (b) rutile TiO2

and (c) wurtzite structure of ZnO NPs are observed and all

peaks are in good agreement with the standard spectrum

(JCPDS no.: 88-1175, 84-1286 and 89-7102). The peak

intensities of SiO2 coated NPs are a little weaker than that of

bare TiO2 and ZnO NPs, which is possibly due to the

presence of SiO2 in an amorphous state around the NPs.
15

The degree of the reduction in intensity of characteristic

peak of ZnO after SiO2 coating is relatively higher than that

of TiO2, which may be due to the coating of thick layer of

SiO2 over ZnO as compared to TiO2.

Optical Properties. Figure 2 shows UV-absorbance and

Figure 1. X-ray diffraction patters of (a) a-TiO2 and a-TiO2/SiO2

(b) r-TiO2 and r-TiO2/SiO2 (c) w-ZnO and w-ZnO@SiO2 core@shell
nanoparticles.

Figure 2. UV-vis absorption and transmission spectra of (a, b) a-
TiO2 and a-TiO2/SiO2 (c, d) r-TiO2 and r-TiO2/SiO2 (e, f) w-ZnO
and w-ZnO@SiO2 core@shell nanoparticles.
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transmittance spectra of bare and SiO2 coated TiO2 and ZnO

composite nanoparticle suspensions. Anatase TiO2 shows

absorption at 400 nm (Fig. 2(a)) whereas rutile TiO2 shows

absorption edge up to 425 nm (Fig. 2(c)). Such a red shift in

optical absorption observed in rutile TiO2 may be due to an

increase in particle size as a result of annealing and change

in crystal structure. The bare ZnO (Fig. 2(e)) sample showed

a sharp absorption onset at ~400 nm, which confirms that

ZnO can block all UV region of solar spectrum. On the other

hand, core@shell composite NPs did not show clear increase

in absorption intensity due to the strong light scattering

caused by the large particle size. Figure 2(b, d and f) shows

transmission spectra of bare and SiO2 coated anatase/rutile

TiO2 and ZnO NPs. All samples show absorption of UV

light and excellent transmission in visible light (90%). Only

a marginal loss in transmittance is observed in visible region

after SiO2 coating. It may be ascribed to the scattering of

light subsequent to increase in particle size as a result of

SiO2 coating.
22,23

Morphological Analysis. Figure 3(a-f) shows the FE-

SEM images of bare and SiO2 coated anatase, rutile TiO2

and ZnO NPs. The anatase, rutile TiO2 and ZnO NPs are

basically of a sphere shape with mean diameter of ~25 nm as

shown in Figure 3(a, c and e). Increase in particle size and

smooth surface of the powder shown in Figure 3(b, d and f)

confirms coating of SiO2 shell over the surface. Figure 4(a-f)

shows TEM images of bare and SiO2 coated anatase, rutile

TiO2 and ZnO NPs. It is clearly seen that reasonably well

dispersed core-shell nanoparticles without much aggregation

is obtained. The TEM images show that the size of most of

the bare TiO2 and ZnO NPs is ~30 nm. Figure 4(b, d and f)

shows the TEM images of the SiO2 coated TiO2 and ZnO

NPs. From the TEM images of SiO2 coated TiO2 and ZnO in

Figure 4(b, d and f), one can observe that the NPs are

surrounded by some shades, implying the existence of SiO2

shells and successful formation of the core/shell structures.

The average diameter of TiO2 and ZnO NPs are determined

to be ~30 nm and the thickness of SiO2 shell is estimated to

be about ~25 nm. Inset of Figure 4(b and f) shows

core@shell NPs of anatase TiO2@SiO2 and ZnO@SiO2 at

higher magnification, which proves that the shell thickness

of SiO2 is up to 25-30 nm. From the TEM image, one can

see that thicker shell of SiO2 was coated over the ZnO than

over TiO2 as shown in the inset of Figure 4(b and f). This

result implies that the wurtzite type ZnO can offer more

nucleation sites for the SiO2 growth. The structure of the

SiO2 layer coated on the surface of TiO2 and ZnO NPs was

further investigated by the SAED pattern as shown in Figure

5. The diffraction patterns with circle of spots confirms the

crystalline nature of TiO2 and ZnO NPs. Broad and blurred

ring observed in SAED pattern of SiO2 coated particles

confirms an amorphous nature of SiO2 coating as shown in

Figure 5(b, d).24 The FESEM, TEM and SAED result con-

firm the formation of amorphous silica over the polycrystal-

line TiO2 and ZnO NPs.

Photocatalytic Activity. Figure 6 shows the time-depen-

dent absorption spectra of MB aqueous solutions during the

UV light irradiation in the presence of bare and SiO2 coated

TiO2 and ZnO composite NPs. For bare TiO2 and ZnO NPs,

the characteristic absorption peaks of UV decreased as the

irradiation time increased and disappeared almost complete-

ly after irradiation for 300 min as shown in Figure 6(a, c and

e). However, ~38% of MB was degraded onto the SiO2

Figure 3. FESEM images of (a) a-TiO2 (b) a-TiO2/SiO2, (c) r-TiO2,
(d) r-TiO2/SiO2, (e) w-ZnO, (f) w-ZnO@SiO2 core@shell nano-
particles.

Figure 4. TEM images of (a) a-TiO2 (b) a-TiO2/SiO2, (c) r-TiO2,
(d) r-TiO2/SiO2, (e) w-ZnO, (f) w-ZnO@SiO2 core@shell nano-
particles.
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coated TiO2 NPs compared with ~80% onto the neat TiO2

for the same interval, while the SiO2 coated ZnO showed

only ~9% degradation of MB compared with neat ZnO NPs

(~91%) as confirmed by Figure 6(b, d). In Figure 7, the

overall photocatalytic performance was compared in terms

of relationship between C/C0 and irradiation time for MB

photocatalyzed by bare and SiO2 coated anatase/rutile-TiO2

and ZnO NPs. Again, it is clearly confirmed that the SiO2

coating led to a decrease in photocatalytic activity of TiO2

and ZnO NPs. The difference in the degree of the suppre-

ssion of photocatalytic activity of TiO2@SiO2 vs. ZnO@SiO2

for MB degradation was measured to be ~50% (32% vs

82%), indicating that SiO2 coating onto ZnO was more

effective in decreasing the photocatalytic activity by almost

2 times than onto TiO2. It is well known that rutile TiO2 is

much less photoactive than anatase TiO2 in terms of photo-

catalytic efficiency,25 and the difference in the activity

between them was estimated to be up to ~10% in the current

study. In summary, the coating of SiO2 on the surface of ZnO

NPs could markedly suppress the photodegradation of the

MB solution under the irradiation of UV light. 

Conclusion

In this study, moderately well dispersed TiO2@SiO2 and

ZnO@SiO2 composite NPs were successfully prepared using

a simple sol-gel method. This method does not require any

sophisticated reactants or any additional steps to purify the

product unlike in the case of reverse microemulsion techni-

que. The degree of dispersion or functionality of thus-

obtained core@shell nanoparticles can be further modulated

by modifying the silica surface using various organosilane

compounds depending on target applications of interest.

Optical absorption study shows SiO2 coated TiO2 and ZnO

can absorb UV light with good transparency in visible region

of solar spectrum. XRD and FESEM analysis revealed

the successful coating of SiO2 on TiO2/ZnO surface. The

core@shell structure has been confirmed by TEM images

and SAED pattern. The SiO2 coated TiO2 and ZnO showed

Figure 5. SAED patterns of (a) a-TiO2 (b) a-TiO2/SiO2, (c) r-TiO2,
(d) r-TiO2/SiO2, (e) w-ZnO, (f) w-ZnO@SiO2 core@shell nano-
particles. Insets in Figure 5(b) and (f) indicate magnified views of
selected areas.

Figure 6. UV-vis absorption spectra for MB photocatalyzed by (a)
a-TiO2 (b) a-TiO2/SiO2, (c) r-TiO2, (d) r-TiO2/SiO2, (e) w-ZnO, (f)
w-ZnO@SiO2 core@shell nanoparticles.

Figure 7. Relationship between C/C0 and irradiation time for MB
photocatalyzed by bare and SiO2 coated TiO2 and ZnO nano-
particles.
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distinctly reduced photocatalytic activity compared with

neat TiO2 and ZnO in terms of the degradation of MB by

~32% and ~82%, respectively. The nanocomposites consist-

ing of ZnO core and thicker SiO2 shell showed the most

reduced photocatalytic properties and also have improved

stability among the systems used in this study, suggesting

that ZnO@SiO2 type NPs are expected to act as potentially

useful UV blocking agent. 
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