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Abstract
ZnO nanoparticles were prepared in a typical single-step experimental procedure, in different water-to-ethylene glycol

volume ratios at a moderate temperature. Morphological studies performed by SEM and TEM have revealed two diffe-

rent types of nanosized particles: hexagonal facetted nanoparticles and spherical ones. The obtained ZnO nanoparticles

were further coated with the coupling reagent tetraethyl orthosilicate (TEOS), in situ and ex situ. The thickness of the si-

lica layer around the ZnO nanoparticles varied between 4 and 18 nm. The coated as well as the bare ZnO nanoparticles

were thoroughly characterized by different characterization methods. They were also incorporated into poly-methylmet-

hacrylate (PMMA). The obtained PMMA/ZnO nanocomposites showed relatively high transmittance for visible light

but also relatively high absorbance in the UV region between 250–370 nm.
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1. Introduction

Zinc oxide is inorganic multifunctional material
with many useful properties. It is used in a wide range of
applications, including the catalysts, colour hue, in co-
smetics as a UV absorber, in biomedical applications, thin
films, chemical sensors, electroluminescent devices,
etc.1–9 Zinc oxide nanoparticles can be synthesized in se-
veral different ways: homogeneous precipitation,10 spray
pyrolysis,11 the sol-gel method,12–14 the chemical met-
hod15 (hydrothermal16 and solvothermal17–19).

The development of coated structured20 nano-mate-
rials has recently been attracting extensive attention. In
general, the coating of particles is used to improve their
stability and dispersability in suspensions. In addition,
coated particles can be used for various applications in
nanofabrication, nanopatterning, self assembly, biopro-

bes, drug delivery, pigments, photocatalysis, as substrates
for functional coatings, printing, UV inks, e-print, optical
communications (security papers), protection, barriers,
portable energy sensors, photocatalytic wallpaper with
antibacterial activity, etc.21–23 Another reason for coating
nanoparticles is to reduce the potential for photocatalysis,
and the formation of free radicals and reactive oxygen
species, in particular for sunscreen applications.21For
coatings of nanoparticles, silica was the most studied
shell candidate; it has good environmental stability and
compatibility with many different materials.20.24–26 For
instance, SelegÅrd et al. prepared coated ZnO particles
with (3-mercaptopropyl)trimethoxysilane with a high po-
tential for recognition studies in biosensing applica-
tions.27 ZnO nanoparticles were further coated with 3-
methacryloxypropyltrimethoxysilane (KH570)28. Wu. et
al.5 presented six different types of coating reagents for
coating ZnO nanocrystals: 3-aminopropyl trimethoxysi-



798 Acta Chim. Slov. 2013, 60, 797–806

Japi} et al.:  In Situ and Ex Situ TEOS Coating of ZnO Nanoparticles ...

lane (Am), 3-aminopropyl triethoxysilane (APTES)29,30

tetraethyl orthosilicate (TEOS),31–33 mercaptosuccinic
acid (Ms), 3-mercaptopropyl trimethoxysilane (Mp) and
polyvinylpyrrolidone (PvP). In their study, they perfor-
med the synthesis of ZnO nanoparticles at rather modera-
te temperature (68 °C) using bio-compatible coating
agents. The de-scribed coating reagents had a triple func-
tion: to control the particle size of ZnO, to provide a side
group on the surface of ZnO, and to eliminate the surface
defect of the ZnO nanocrystals. It was found that the first
three coating reagents limited the growth of ZnO nano-
particles, while the last two caused even larger ZnO clu-
sters in the suspension. ZnO nanoparticles can be also
coated with different organic acids, such as benzoic-, ni-
cotinic-, and cinnamic-acid or nonaromatic formic-
acid.34 In recent decades, the preparation of inorganic
particles incorporated in nanocomposites35 with poly-
mers has become very important. Such nanocomposites
have attractive optical,36 thermal, mechanical, magnetic
and electric properties29,37,38 These nanocomposites have
potential application in electronics,39 rubber reinforce-
ment40 coatings,41,42 etc. There are several different types
of nanocomposites prepared from various inorganic par-
ticles with numerous polymer materials, such as
poly(methylmethacrylate) PMMA,43 styrene,40 poly-
propylene,44 etc. PMMA is used as a substitute for inor-
ganic glass, due to higher impact strength and favourable
processing conditions.45 Nanocomposites of Zn-
O/PMMA have potential applications for UV protecting
sheets46,47 and films,48 and materials with high improved
thermal stability.49–51

In this study, the coating of ZnO nanoparticles with
silica (TEOS) is described. The main goal was to prepare
coated hexagonal and spherical ZnO nanoparticles. In ad-
dition, the paper is focused on two different ways of ZnO
nanoparticles’ coating (in situ and ex situ). We studied the
influence of various additives on the thickness of silica la-
yer around the ZnO particles and their incorporation into
PMMA. 

2. Experimental 

2. 1. Materials and Methods
All reagents used for synthesis were of an analytical

reagent grade. To avoid hydrolysis upon storage, fresh
stock aqueous solutions were prepared from Zn(NO3)2 ·
6H2O (98% Merck), ethylene glycol (99.5% Sigma-Al-
drich), lithium hydroxide (98% Sigma-Aldrich). For in si-
tu and ex situ coating of ZnO particles, tetraethyl orthosi-
licate (TEOS) (Sigma-Aldrich), 25% NH3(aq) solution
(Merck) and absolute EtOH (Sigma-Aldrich) were used.
Methyl methacrylate (MMA) (99% Sigma-Aldrich), bis
(4-t-butylcyclohexyl)-peroxydicarbonate (P-16) and di-
lauroyl peroxide (LPO) were used for the preparation of
ZnO/PMMA nanocomposites. 

2. 2. Synthesis of Hexagonal and Spherical
ZnO Nanoparticles

The selected concentrations of Zn2+ ions (prepared
from Zn(NO3)2·6H2O and LiOH) in the experiments were
0.1 M. Two different volume ratios of water-to-ethylene
glycol (V(H2O):V(EG) = 1:5 and V(H2O):V(EG) = 5:1)
were employed. The syntheses of ZnO nanoparticles were
carried out in a 250 mL flask without stirring at 100 °C,
for 2 hours. Firstly, Zn2+ and LiOH solutions in 150 mL of
mixed solvents were prepared and heated to 100 °C. After
the hydrolysis reaction was completed, the resulting white
precipitate of ZnO was centrifuged, washed with water
four times and dried in air at room temperature or re-dis-
persed in EtOH.

2. 3. The Preparation of Silica Coated ZnO
Nanoparticles by Ex Situ and in Situ
Method
The synthesized ZnO nanoparticles were further

functionalized by coating them with silica. In the first ca-
se (the ex situ method), ZnO nanoparticles were first pre-
pared and then kept in mother solution or re-dispersed in
EtOH. The four concentrations of TEOS used for coating
of ZnO particles were 0.048 M, 0.024 M, 0.001 M and
0.0003 M. In a typical ex situ coating process, the dried
ZnO was re-dispersed in 10 mL EtOH and 4 mL MQ wa-
ter, then NH3(aq) was added to the re-dispersed ZnO solu-
tion, and finally the appropriate quantity of TEOS was ad-
mixed (Table 1). The coating process was carried out at
room temperature for 1 hour in an ultrasonic bath, as sug-
gested in the literature.31 After the procedure was comple-
ted, the final product was purified in EtOH and dried in air
at room temperature. 

In a typical in situ method, the preparation of ZnO
nanoparticles was basically the same, except that TEOS
was added to the initial reaction mixture prior to the
synthesis of ZnO nanoparticles.

2. 4. Preparation of ZnO/PMMA 
Nanocomposites
Bare or coated ZnO powders were suspended in 5 mL

of MMA in a centrifuge tube (0.1% ZnO, 0.15% the in situ
coated ZnO or 0.2% the ex situ coated ZnO). The suspen-
sions were sonicated for 20 minutes prior to the addition of
initiators bis (4-t-butylcyclohexyl)-peroxydicarbonate (P-
16) (0.25 wt.%) and dilauroyl peroxide (LPO) (0.25 wt.%).
The polymerization of MMA was carried out in water bath at
60 °C for 1 hour. PMMA with dispersed ZnO nanoparticles
was poured into glass plates and placed in an oven for 2
hours at 55 °C and subsequently for 10 minutes at 120 °C. Fi-
nally, the PMMA/ZnO sheets were separated from the glass
plate moulds. The additions of solid particles were optimized
with respect to the absorption of light in the UV region.
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2. 5. Caffeine Photocatalytic Degradation 

Degradation of caffeine (as a model substance for
the photocatalytic activity of ZnO particles) over time was
set as follows. The coated or non-coated ZnO particles (40
mg) were admixed to a caffeine (C8H10N4O2) aqueous so-
lution (50 mL, 10–4 M). The obtained suspension was then
stirred for 20 minutes. The mixture was placed into a
chamber (Kambi~, type I-265 CKUV) equipped with UV
lamp for the measurement of photocatalytic degradation.
Samples were collected at regular time intervals and cen-
trifuged to remove solid particles prior to the caffeine con-
centration analysis. The UV-VIS absorption of the solu-
tion was measured from 225 nm to 350 nm from which
the caffeine-relative concentration was calculated.

2. 6. Products Characterization

Products were characterized with IR spectroscopy
(FTIR spectrometer, Perkin Elmer 2000) in the spectral
range between 4000 and 360 cm–1 with a spectral resolu-
tion of 4 cm-1 in the transmittance mode. The KBr pellets
with 1 wt % of sample were used for the IR analysis. Field
emission scanning electron microscopy (FE-SEM, Zeiss
Supra 35 VP equipped with EDS detector and the ability
to work in STEM mode), and X-ray powder diffraction
(XRD, Siemens D-500 X-ray diffractometer) were used
for the careful morphological and structural characteriza-
tion. TEM observations were carried out in a transmission
electron microscope operated at 200 kV (JEM-2100, JE-
OL) which was equipped with EDX. TEM samples were
prepared by dispersing the powders in ethanol, using an
ultrasonification followed by the deposition of the obtai-
ned suspension on carbon-coated copper grids. The zeta
potential of ZnO and coated ZnO powder suspensions was
measured using the 501 Lazer Zee MeterTM, PenKem Inc.
The pH adjustments during the zeta potential measure-
ments were achieved by adding dilute aqueous NaOH (0.1
M) or concentrate HCl (11.9 M) solutions. The UV-VIS
spectra of ZnO/PMMA nanocomposites were measured
using the Perkin Elmer Lambda 950 UV-VIS spectrome-
ter in the spectral range between 250 and 800 nm. TG in-
vestigations of ZnO/PMMA nanocomposites were carried
out at a constant flow of Ar-O2 (18 L/h) in the temperatu-

re range between (30–600 °C) using the Mettler TA4000
instrument. For the kinetic analysis, TG experiments were
repeated under non-isothermal conditions at heating rates
β from 2 K/min to 10 K/min. Measurements of the dyna-
mic light scattering (DLS) analysis were performed on a
ZetaSizer Nano ZS instrument.

3. Results and Discussion

ZnO nanoparticles were prepared by the addition of
Zn(NO3)2·6H2O and LiOH (0.1 M) in various water-to-
ethylene glycol volume ratios as described in the experi-
mental work and summarized in Table 1. ZnO particles
were coated by two different methods (in situ and ex situ).
In the present work, we varied the concentration of coa-
ting reagent and studied its impact on thickness of the
coating layer. The experimental parameters of eight selec-
ted samples are presented in Table 1.

The SEM micrographs of coated ZnO products pre-
pared by the ex situ method are presented in Figs 1–2.
Samples were prepared by admixing dry ZnO nanopartic-
les into EtOH and water and coated with the lowest con-
centration of TEOS. The micrograph presented in Figure
1 shows facetted crystals of coated hexagonal shaped Zn-
O with diameters around 100 nm (sample 1). In Figure 2,
the micrograph shows spherical ZnO nanoparticles (dia-

Table 1 The parameters for ZnO coating by the ex situ or the in situ methods.

Sample VH2O:VEG

coating shape of ZnO mZnO used for c (M)
method particles coating (mg) (TEOS)

1 5:1 Ex situ hexagonal 22.0 0.0003
2 1:5 Ex situ spherical 22.0 0.0003
3 5:1 Ex situ hexagonal 226.4 0.0240
4 1:5 Ex situ spherical 202.8 0.0240
5 5:1 Ex situ hexagonal 226.4 0.0480
6 1:5 Ex situ spherical 202.8 0.0480
7 5:1 In situ undefined / 0.0010
8 1:5 In situ undefined / 0.0010

Figure 1: SEM micrograph of silica-coated hexagonal ZnO nano-

particles (sample 1) prepared with the ex situ method. 
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meter ≈ 50 nm) coated with a layer of silica (sample 2).
For samples 1 and 2, we observed that the silica coating
had no influence on the morphology of the ZnO nanopar-
ticles.

When a higher concentration of TEOS was added
(samples 3 and 4 (c(TEOS) = 0.0240 M)), SEM images
(not shown) revealed an increase in nanoparticles agglo-
meration. The higher degree of agglomeration after the
ZnO coating was observed mostly for spherical nanopar-
ticles (sample 4), which can be ascribed to their smaller
size: smaller nanoparticles tend to agglomerate more in-
tensely. Similar behaviour was observed for sample 3. 

The micrographs of samples 7 and 8 are presented
in Figures 3 and 4, respectively. Both samples were pre-
pared with the in situ coating method with TEOS. The
experimental conditions of samples 7 and 8, regarding
the initial concentrations of Zn2+, LiOH and solvents
mixture, should lead to the formation of hexagonal and
spherical ZnO nanoparticles, respectively. However, we
observed that in both samples silica affected the morpho-
logy of the ZnO nanoparticles, which became more irre-
gularly shaped. 

TEM images of dried, re-dispersed and coated ZnO
nanoparticles are shown in Figure 5 – Figure 12. The
TEM image of sample 1 (Figure 5) revealed the hexagonal
ZnO nanoparticles with a silica layer of thickness ≈5 nm.
The measured thickness of the silica layer for sample 2
was ≈4 nm (Figure 6).

Figure 2: SEM micrograph of silica coated spherical ZnO nano-

particles (sample 2) prepared with the ex situ method.

Figure 4: FE-SEM micrograph of sample 8 prepared with the in si-
tu method. 

Figure 3: FE-SEM micrograph of sample 7 prepared with the in si-
tu method. 

Figure 5: TEM/HRTEM image of coated hexagonal ZnO nanopar-

ticles (sample 1).

Figure 6: TEM/HRTEM images of coated spherical ZnO nanopar-

ticles (sample 2).
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Samples 3 and 4 (c(TEOS) = 0.0240 M) were coated
in mother solutions of ZnO and not by re-dispersing the
dried ZnO in EtOH. In both cases, higher amounts of ad-
ded silica were also used. The main difference when com-
paring samples 1 and 2 with samples 3 and 4 was in the
thickness of the shell silica layer. The silica layer thick-
ness in sample 3 was ≈7 nm and is clearly visible in Figu-
re 7, while coated spherical nanoparticles in sample 4 ex-
hibited silica layers with a thickness of ≈11 nm (Figure 8).

The amount of added TEOS was further increased
during the preparation of samples 5 and 6 (c(TEOS) =
0.0480 M). However, the thickness of the silica layer
around the hexagonal ZnO particles (Figure 9) was not
significantly increased (≈8 nm). However, the thickness
of silica layer was clearly increased (≈18 nm) in the ca-
se of spherical ZnO nanoparticles, which is presented in
Figure 10.

The TEM images (Figure 11 and Figure 12) show
coated ZnO nanoparticles (samples 7 and 8) prepared with
the in situ coating method. In both cases, the added
amount of TEOS reagent was (c(TEOS) = 0.0010 M). In
contrast to the ex situ coating process, where the silica la-

Figure 7: TEM image of ZnO nanoparticles (sample 3).

Figure 8: TEM image of the coated spherical ZnO nanoparticles

(sample 4).

Figure 9: TEM image of coated hexagonal ZnO nanoparticles

(sample 5).

Figure 10: TEM image of coated spherical ZnO nanoparticles

(sample 6).

Figure 11: TEM image of nanoparticles (sample 7).

yer did not change the shape of ZnO nanoparticles, the in
situ coating process clearly influenced the formed partic-
les morphology. Instead of well-defined particles, experi-
ments 7 and 8 yielded nanoparticles of an undefined sha-
pe. Furthermore, the in situ coating process did not produ-
ce clear shell-core particle structures. Instead, the outer la-
yer of the prepared particles was probably zinc silicate.
This fact implies that TEOS was deposited on each new
layer of the growing particle changing not only its morp-
hology but also chemical composition and structure. 
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Powder XRD patterns of samples prepared via diffe-
rent coating methods are presented in Figure 13. The ma-
jor peaks in Figure 13 correspond to ZnO zincite (JCPDS
01-079-2205, zinc oxide). 

The FTIR spectra of samples prepared by the ex situ
method are presented in Figure 14a. The IR spectra con-
firmed the formation of ZnO due to presence of stretching
mode bands in the range from 600 up to 370 cm–1. The
presence of NO3

– group (1384 cm–1) was conformed in all
products prepared by the ex situ method. The IR band at
797 cm–1 and the broad IR band in the range between 980
and 1200 cm–1 was ascribed to the characteristic Si–O–Si
asymmetric stretching vibration.52 We can suppose that
SiO2 shells were created by the hydrolysis and condensa-
tion of TEOS.20

The FTIR spectra of samples prepared by the in situ
method are presented in Figure 14b. Again we can con-
firm the formation of ZnO due to presence of stretching
mode bands in the range from 600 up to 370 cm–1. Nitrate
bonds (IR band at 1384 cm–1) were also present in both
products prepared by the in situ method. In contrast to the
samples prepared by the ex situ method, we observed so-
me vibrations in the range between 900–1000 cm–1.53,54

This broad IR band indicates the presence of amorphous

zinc silicate Zn2SiO4.
55 Since zinc silicate cannot be con-

firmed by the XRD analysis, its layers clearly grow as an
amorphous phase.

Figure 12: TEM image of nanoparticles (sample 8).

Figure 13: XRD diffractogram of coated samples prepared by two

different coating methods.

Figure 14a: FTIR spectra of samples prepared with the ex situ met-

hod for spherical and hexagonal nanoparticles. 

Figure 14b: FTIR spectra of samples prepared with the in situ met-

hod for spherical and hexagonal nanoparticles.

Figure 15: Photocatalytic degradation of caffeine as a function of ti-

me in the presence of non-coated ZnO or coated ZnO/silica particles.
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ZnO nanoparticles exhibit some photocatalytic ac-
tivity toward the oxidation of organic molecules. The
photocatalytic degradation of caffeine, calculated as its
relative concentration, is presented in Figure 15. Accor-
ding to Figure 15, ZnO/silica coated particles prepared
with the ex situ method had negligible photocatalytic ac-
tivity, which did not change over time. The photo stabi-
lity of caffeine in the presence of the ex situ coated ZnO
is similar to the caffeine photo stability in MQ water.
Such behaviour was ascribed to the fact that the ex situ
coated ZnO particles have the outer dense SiO2 layers
and are not catalytically active (Figure 15). In contrast,
the non-coated or the in situ coated ZnO showed similar
photocatalytic activity for the caffeine photo degrada-
tion. This fact suggests that with the in situ method prac-
tically no coverage of the ZnO was obtained that made
such particles as active as non-coated ZnO. Similar ob-
servations were also reported for the degradation of caf-
feine with TiO2.

56,57

Surface properties of coated and non-coated ZnO
particles were measured with the zeta potential as a func-
tion of pH and are presented in Figure 16. The isoelectric
point (IEP) of ZnO ranges from 8.7 to 10.3 and the zeta
potential is positive below the (IEP) and negative above
the (IEP).58 The IEP of (SiO2) ranges from 1.7 to 3.5.59,60

According to Figure 16, the in situ coated ZnO exhibited
similar surface properties as non-coated ZnO, again impl-
ying a similar surface structure. These observed surface
properties could be due to ZnO uncovered regions in the
in situ sample. 

The ex situ prepared coated ZnO samples, in con-
trast, exhibited completely different surface properties,
very similar to pure silica surface, indicating excellent
surface coverage of ZnO with silica. Prepared ZnO sam-
ples with the ex situ or the in situ covering methods were
used for the preparation ZnO/PMMA nanocomposites.

Figure 16: Zeta potential of ZnO, ZnO/silica (in situ) and ZnO/si-

lica (ex situ).

Figure 17: Thermal decomposition of PMMA and various Zn-

O/PMMA nanocomposites.

Figure 18: Calculated activation energies (Ea) of PMMA and vari-

ous ZnO/PMMA nanocomposites.

The thermal stability of the nanocomposites Zn-
O/PMMA prepared with non-coated or coated ZnO was
studied using TG analysis. Activation energies of the
ZnO/PMMA thermal decomposition were calculated
using the non-linear isoconversional method. The iso-
conversional analysis is based on a kinetic model of the
equation form: 

formula
(1)

where       is conversion degree of the degradation reac-

tion, Ea is the apparent activation energy (J mol–1), kα is
the pre-exponential factor (s–1) and f(α)is the reaction mo-
del.61 From the above kinetic model, the linear dependen-
ce of Inβ vs. 1/T may be recognized. Using the Doyle ap-
proximation,61 the slope in the Inβ vs. 1/T diagram repre-
sents a value of 1.052 Ea /R. Since thermal decomposition
of the ZnO/PMMA composites may be described with on-
ly one process (Figure 17), diagrams of Ea as a function of
α are presented in Figure18.
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By calculating the Ea(α) values of the investiga-
ted systems, it appeared that the addition of solid na-
noparticles had two roles. On one hand, the addition
of the ex situ coated ZnO nanoparticles represented a
heat sink raising the temperature integral of the com-
posite’s thermal decomposition and consequently al-
so raising its calculated Ea when compared to the pu-
re PMMA (Ea = 190 kJ/mol for the ex situ Zn-
O/PMMA and Ea = 145 kJ/mol for pure PMMA). On
the other hand, the introduction of the non-coated or
the in situ coated ZnO nanoparticles into PMMA li-
kewise represented a heat sink; however, ZnO also
acts as a catalytically active surface, lowering the Ea

of the PMMA thermal decomposition. Similar values
of the calculated Ea for the non-coated ZnO/PMMA

Figure 19: Light transmittance as a function of wavelength of (a)

non-coated ZnO/PMMA, (b) and (c) coated ZnO/PMMA and (d)

PMMA.

Figure 20: Left: Images of different plates prepared from a) PMMA, b) non-coated ZnO/PMMA, c) the in situ coated ZnO/silica/PMMA, and d)

the ex situ coated ZnO/silica/PMMA. Right: DLS measurements of various ZnO nanoparticles measured in EtOH or MMA.

and the in situ coated ZnO/PMMA again imply the
poor coverage of the ZnO with silica in the in situ
process.

The ZnO/PMMA nanocomposites were also investi-
gated with respect to their transparency for UV and visib-
le light. Final composites should absorb UV light but tran-
smit visible light. The transparency measurements were
done on solid plates prepared from coated and non-coated
ZnO particles into PMMA are presented in Figure 19. It
appeared that any addition of ZnO nanoparticles into PM-
MA lowered the light transmittance through the composi-
te. This reduction in light transmittance is less pronounced
in the case of the ex situ coated ZnO introduction into PM-
MA and more pronounced in the cases of the in situ or
non-coated ZnO introduction into PMMA. However, any
addition of ZnO also substantially reduces light transmit-
tance in the UV region. 

The light transmittance reduction with solid partic-
les introduction into PMMA is clearly demonstrated in
(Figure 20). The highest transmittance among the Zn-
O/PMMA nanocomposites was measured in the case of
the ex situ coated ZnO. Light transmittance of the prepa-
red ZnO/PMMA plates can be correlated with the ZnO
particle size distribution in the composites. It is evident
that the non-coated or the in-situ coated ZnO particles
tend to agglomerate when introduced into MMA. Con-
sequently, thus prepared ZnO/PMMA plates exhibited
lower transmittance. On the other hand, degree of agglo-
meration of the ex situ coated ZnO particles in MMA re-
mains relatively low resulting in final ZnO/PMMA plate
which is more transparent. The modus values of the ZnO
in ethanol and the ex situ coated ZnO in MMA (as pre-
sented in the DLS curves) are 47 and 72 nm, respecti-
vely, implying that the ex-situ coated ZnO is well disper-
sed in PMMA.
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4. Conclusions

The two different morphologies of ZnO nanopar-
ticles (hexagonal and spherical) were prepared by var-
ying the solvent ratio (water to ethylene glycol). The
prepared ZnO nanoparticles were coated ex situ or in si-
tu with silica. We observed that different concentrations
of TEOS during the ex situ coating process affected the
thickness of the silica layer around ZnO-core. In con-
trast, the in situ coating method influenced both the for-
med particles’ morphology and their phase composition
without yielding clear ZnO-core and SiO2-shell structu-
re. The effectiveness of SiO2 coating was also followed
with photocatalytic degradation of caffeine on the Zn-
O/SiO2 particles. The ex situ coated ZnO particles were
catalytically non-active while the in situ coated ZnO ca-
talytically degraded caffeine similarly to the non-coated
ZnO. Various catalytic activities are related to different
surface properties of particles. The ex situ coated ZnO
had similar surface properties as pure SiO2 indicating
dense SiO2-shell on ZnO-core. In contrast, surface pro-
perties of the in situ coated ZnO were similar to the sur-
face properties of the non-coated ZnO. Any addition of
treated ZnO into PMMA lowered light transmittance of
the composites compared to pure PMMA material. The
highest light transmittance was measured in the case of
the ex situ coated ZnO introduction into the composite
due to relatively good solid particle dispersion. Such
composite ZnO/PMMA materials have potential appli-
cations as UV protectors and thermally stabilized plexi-
glas.
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Povzetek
Nanodelci ZnO so bili pripravljeni po enostopenjskem sinteznem postopku, kjer smo spreminjali volumensko razmerje topil voda/eti-

len glikol. Morfolo{ka analiza (SEM in TEM) je pokazala, do so v pripravljenih produktih prisotni nanodelci ZnO heksagonalne in sfe-

ri~ne oblike. Pripravljene nanodelce ZnO smo opla{~evali in-situ ali ex-situ z reagentom tetraetil-ortosilikat (TEOS). Debelina pla{~a

SiO2 okoli nanodelcev ZnO se je gibala med 4 in 18 nm. Opla{~ene in neopla{~ene nanodelce ZnO smo v nadaljevanju okarakterizira-

rali z razli~nimi analiznimi metodami. Nanodelce ZnO smo uporabili tudi za pripravo nanokompozita PMMA/ZnO. Izka`e se, da so

nanokompoziti PMMA/ZnO relativno dobro prepustni za vidno svetlobo, hkrati pa relativno dobro absorbirajo UV svetlobo v obmo~ju

250–370 nm.


