
Materials Science-Poland, 33(4), 2015, pp. 826-834
http://www.materialsscience.pwr.wroc.pl/
DOI: 10.1515/msp-2015-0097

Investigation of sol-gel processed CuO/SiO2 nanocomposite
as a potential photoanode material
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Synthesis and characterization of a highly efficient photoconductive nanocomposite comprising of two common metal
oxides: copper oxide (CuO) and silicon dioxide (SiO2) are being reported in this paper. The CuO/SiO2 nanocomposite has
been synthesized using a cost-effective and facile sol gel route. The structural, chemical and optical properties of the prepared
samples have been studied using various characterization techniques. The UV-Vis analysis revealed better absorption in the case
of the nanocomposite as compared to its parent materials. X-ray diffraction (XRD) analysis has been employed to determine
the structural formation of the nanocomposite and the crystallite size with the use of Scherrer’s formula. The photo conductivity
study of the sample showed enhanced photocurrent in the case of nanocomposite as compared to its single components, thus,
presenting it as a potential candidate for solar cell applications, especially as photoanode material in the dye-sensitized solar
cells (DSSC).
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1. Introduction

Nanocomposites [1] have numerous advantages
over their more limited single component counter-
parts due to their enhanced functionality and prop-
erties. Using of nanocomposites leads to enhance-
ment and modification of magnetic, optical, electri-
cal and chemical properties as compared to their in-
dividual components [2–4]. The oxides of nanopar-
ticles are an important class of semiconductors
which find applications in magnetic storage [5],
solar energy transformation [6, 7], electronics [8]
and catalysis [9]. In the present work, the choice
of CuO as a parent material is due to the fact that
it possesses excellent optical properties and high
temperature superconductivity [10] which makes it
a good candidate for solar cell applications. The
fusion of SiO2 with CuO was done in order to
produce a nanocomposite which can overcome the
limits of CuO in solar spectrum response and in-
crease its optical absorbance. The above mentioned
CuO/SiO2 nanocomposite was prepared using the
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facile and efficient sol gel method which is well
suited for preparing and designing devices with
very specific properties [11].

2. Experimental
2.1. Synthesis of CuO nanoparticles

A solution of 0.25 g copper acetate and 1 mL
dimethanol amine was added dropwise to 19 mL of
isopropyl alcohol and stirred for 30 minutes. The
metal oxide gel was produced by increasing pH of
the solution by dropwise addition of 1 M of NH3.
The resultant solution was stirred for 24 hours and
kept one day for aging. The aging process was car-
ried out to remove particulates, if any [12]. The so-
lution was washed with distilled water 4 to 5 times
and dried at 100 °C for 24 hours in order to remove
the solvents. The final step of annealing at 400 °C
for 4 hours was done to remove any residual organ-
ics and stabilize the obtained nanoparticles [13].

2.2. Synthesis of SiO2 nanoparticles
The synthesis of SiO2 was done in a simi-

lar manner. A solution of tetraethyl orthosilicate
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(TEOS) was added dropwise to 19 mL of isopropyl
alcohol. The precursor solution preparation was
followed by the steps involved in the CuO nanopar-
ticle synthesis.

2.3. Synthesis of CuO/SiO2 nanocom-
posites

The CuO/SiO2 nanocomposite was prepared by
addition of the precursor materials of CuO (copper
acetate, dimethanol amine and isopropyl alcohol)
to those of SiO2 (tetraethyl orthosilicate and iso-
propyl alcohol). The molar ratio of the solutions
was maintained at 1:1. For the preparation of the
resultant solution the sol gel method was applied,
leading to the formation of CuO/SiO2 nanocom-
posite as shown in Fig. 1.

Fig. 1. Synthesis procedure of CuO/SiO2 nanocompos-
ite.

3. Characterization
The characterization of the sol-gel synthesised

CuO, SiO2 and CuO/SiO2 was carried out us-
ing different techniques in order to probe their
structural, chemical and optical properties. The

X-ray diffraction (XRD) analysis [14] of the as-
synthesised samples was carried out using Pan-
alytical X’Pert powder diffractometer with a go-
niometer using CuKα as radiation source hav-
ing the wavelength of 1.5405 Å. The diffraction
patterns were recorded in the range of 20° to
80° with the step size of 0.02. Using the above
XRD data the crystallite sizes of the particles were
determined using Scherrer’s formula [15, 16]. The
scanning electron microscopy (SEM) [17] and the
EDAX analysis of the samples were obtained by
F E I Quanta FEG 200: a high resolution scan-
ning electron microscope. Nitrogen adsorption-
desorption isotherm at 74 K was obtained from
ASAP 2020 Micrometrics. Surface areas were
determined according to the Brunauett-Emmett-
Teller (BET) model using the above data. The
chemical composition of the samples was analysed
using FT-IR technique [18]. The Fourier trans-
form infrared spectra of the samples were stud-
ied using Perkin-Elmer infrared spectrophotometer
and the spectrum was recorded in the wavenum-
ber range of 500 to 4000 cm−1. The UV-Vis ab-
sorption spectroscopy [19] was done by CARY 5E
UV-Vis-NIR spectrophotometer. The spectra were
recorded at room temperature in the range of 200
to 800 nm. The field dependent dark and photo-
conductivity tests of the samples were done us-
ing the experimental setup as reported by Ponniah
and Xavier [20]. The dark and photo currents were
measured using a Kiethley Picoammeter 6485.

4. Results and discussion

4.1. XRD analysis

The X-ray diffraction pattern of the as synthe-
sised CuO sample is depicted in Fig. 2. It can
be clearly seen that the prominent peaks of de-
fined intensities are observed at diffraction angles
of 2θ values 30.8°, 35.9°, 38.7°and 49.1° which
correspond to atomic planes of (h k l) values
(1 1 0), (1̄ 1 1), (1 1 1) and (2̄ 0 2), re-
spectively. These peaks are consistent with the
JCPDS data Card No. 48-1548 of the CuO with
a monoclinic phase [21] identical to that of pure
CuO [22]. The lattice parameters corresponding to
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the above data card were found to be a = 4.688 Å,
b = 3.422 Å and c = 5.131 Å, respectively [23].
No characteristic peaks of other impurities, such
as Cu(OH)2, Cu2O or precursors used in the
preparation process, are observed, indicating the
formation of a pure phase of CuO. The XRD
pattern of the prepared CuO/SiO2 nanocompos-
ites presented in Fig. 3 shows the presence of
a very broad peak around 23.7° scattering an-
gle and few peaks of CuO of very low intensi-
ties. It indicates that either the particles of CuO
are of very small crystallite size, or the parti-
cles are semi-crystalline in nature [24] since the
XRD pattern of prepared nanocomposite appears
to be a close mimic of that of SiO2 [25] which is
amorphous.

Fig. 2. XRD pattern of CuO nanoparticle.

The average crystallite size of the as-
synthesized nanoparticles was estimated from
XRD line broadening using Scherrer’s equation.
The crystallite sizes of the samples were calculated
using Scherrer’s equation D = Kλ/βcosθ, where
K is a constant (shape factor, about 0.9), λ the
X-ray wavelength used (1.54060 Å), β the full
width at half maximum (FWHM) of the observed
peaks [26]. The crystallite sizes of the CuO
nanoparticles corresponding to the calculated
major peaks have been tabulated in Table 1. The
average crystallite size of the CuO nanoparticles
are in the range of 12 nm. The crystallite size of
CuO/SiO2 nanocomposite calculated with Scher-
rer’s formula is found to be around 0.8 nm. This

Fig. 3. XRD pattern of CuO/SiO2 nanocomposite.

relatively low crystallite size of the nanocomposite
is due to the low growth rate [27] and is consistent
with our earlier reports for SiO2 [28].

Table 1. Crystallite size for different 2θ values of CuO
nanoparticles.

Diffraction angle Atomic planes FWHM Crystallite
(2θ) (h k l) (2θ) size (nm)

30.8 (1 1 0) 0.5904 15
35.9 (1̄ 1 1) 1.1808 8
38.7 (1 1 1) 0.4920 18
49.1 (2̄ 0 2) 1.1808 8

4.2. SEM analysis
SEM images of the CuO nanoparticle and

CuO/SiO2 nanocomposite samples are shown in
Fig. 4 and Fig. 5, respectively. From the SEM im-
age of the CuO nanoparticles it is seen that the par-
ticles occur in a form of elongated nanorod-type
structure [29] and the particle sizes of the observed
nanoparticles are in the range of 10 to 30 nm. The
obtained nanoparticle sizes are in close proximity
with the crystallite size calculated using XRD data.
It is also observed that there are micro and macro
pores in the sample.

The SEM image of CuO/SiO2 nanocomposite
reveals that the formed particles possess larger size
than that of CuO nanoparticles. The presence of
agglomerations is also observed which might be
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Fig. 4. SEM image of CuO nanoparticles.

Fig. 5. SEM image of CuO/SiO2 nanocomposite.

due to the amorphous nature of the SiO2 as ev-
idenced from the XRD analysis. In the litera-
ture [27], the micro- and the macro-pores have also
been observed in the CuO/SiO2 sample and the ob-
served particle shapes were spherical in nature.

4.3. EDAX analysis

The chemical composition of the obtained
CuO/SiO2 nanocomposite was determined using
energy dispersive X-ray (EDAX) analysis. In
the EDAX spectrum of CuO/SiO2 nanocomposite
shown in Fig. 6, the prominent peaks of oxygen

(O) and silicon (Si) are observed with few sub-
sided peaks of copper (Cu) which reveals that the
obtained CuO/SiO2 nanocomposite is mainly com-
posed of Si and O with traces of Cu [30]. The ob-
served data confirm the presence of a small amount
of CuO in the CuO/SiO2 which is again in accor-
dance with the XRD result. The amount of each
element present in the CuO/SiO2 nanocomposite is
listed in Table 2.

Fig. 6. EDAX analysis of CuO/SiO2 nanocomposite.

Table 2. Elemental analysis of the CuO/SiO2 nanocom-
posite sample.

Element Weight % Atomic %

Oxygen (O) 65.79 77.82
Silicon (Si) 31.90 21.49
Copper (Cu) 02.31 00.69

4.4. BET analysis
The specific surface area and pore structure of

the as-prepared CuO nanoparticles and CuO/SiO2
nanocomposites were investigated by nitrogen
adsorption-desorption isotherm. Fig. 7 and Fig. 8
show the nitrogen adsorption-desorption isotherm
and Fig. 9 and Fig. 10 BET surface area plot. It
is clear that both the samples exhibit the type IV
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isotherm of H3 type hysteresis loop for the rela-
tive pressure P/P0 in the range of 0.6 to 1 according
to Brunauer-Deming-Deming-Teller (BDDT) clas-
sification [31, 32] revealing the characteristic prop-
erties of mesoporous materials and the presence of
mesopores (2 to 50 nm) [33]. The specific surface
area estimated by Brunauer-Emmett-Teller method
for both the samples are tabulated in Table 3. Upon
formation of the composite with SiO2 a decrease in
the specific surface area of CuO is observed. This
may be due to the agglomerations occurring in the
presence of SiO2 which is also inferred from XRD
analysis. In the nanocomposite sample, copper ox-
ide nanoparticles are coated with SiO2 nanoparti-
cles. Therefore, when the surface area of CuO/SiO2
nanocomposites is measured, it is possible that its
size is dominantly determined by the surface prop-
erties of the amorphous SiO2 rather than CuO [34].
For this reason, a relatively low specific surface
of the CuO/SiO2 nanocomposites is apparent com-
pared to that of CuO nanoparticles. However, the
mesoporous CuO/SiO2 nanocomposites possess a
specific surface area considerably larger than that
of the as-synthesised SiO2 nanoparticles [28].

Fig. 7. Nitrogen adsorption-desorption isotherm of
CuO nanoparticles.

4.5. FT-IR analysis
The IR spectra of the samples have been

scanned in the region of 4000 to 450 cm−1. The IR
spectrum of the copper (II) oxide (CuO) consists

Fig. 8. Nitrogen adsorption-desorption isotherm of
CuO/SiO2 nanocomposite.

Fig. 9. BET surface area plot of CuO nanoparticles.

of characteristic peaks at 3435 cm−1, 1633 cm−1,
1384 cm−1, 1033 cm−1, 606 cm−1, 511 cm−1 and
457 cm−1.

As shown in Fig. 11 the CuO nanoparticles ex-
hibit broad absorption bands between 2800 and
4000 cm−1, mainly ascribed to OH– and C–O
groups on the surface of the CuO nanostruc-
tures [35]. The absorption peaks at 457 cm−1,
511 cm−1 and 606 cm−1 may be associated
with the characteristic stretching vibrations of
Cu–O [36]. This confirms that the CuO phase is
formed in conformity with the XRD data. The
absorption peaks at 3435 and 1633 cm−1 are
due to the presence of O–H stretching and bend-
ing vibrations [37] which is probably due to the
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Table 3. Physical properties of the samples obtained
from BET analysis.

Sample SBET (m2/g) Vtot (cm3/g)

CuO 18.13 0.11
SiO∗

2 5.71 0.0095
CuO/SiO2 9.93 0.041
SBET: BET surface area. Vtot: single point total
pore volume. *The SiO2 data have already been
reported in our previous paper [28].

Fig. 10. BET surface area plot of CuO/SiO2 nanocom-
posite.

fact that the spectra were not recorded in situ
and some re-adsorption of water from the am-
bient atmosphere occurred. The FT-IR spectrum
of CuO/SiO2 (Fig. 12) shows the typical silicate
absorption peaks at about 1087 (with a shoulder
around 1400 cm−1), 862, 574 and 482 cm−1 at-
tributable to Si–O–Si bending and stretching vi-
brations [38]. The CuO/SiO2 nanocomposite also
shows a broad band at about 3421 cm−1 and a band
at 1632 cm−1. The former is due to surface hy-
droxyl groups and adsorbed water, while the later
can be assigned to water only. The absorption peak
observed at 960 cm−1 for CuO/SiO2 is possibly due
to the overlapping of Si–OH bond [39] with the
bending vibration of Si–O bond. The intensity of
this band is taken as an indication of heterogeneity
(presence of CuO) in the mixed oxides [40]. The
results obtained from both the FT-IR spectra are in
good agreement with the XRD results.

Fig. 11. FT-IR spectrum of CuO nanoparticles.

Fig. 12. FT-IR spectrum of CuO/SiO2 nanocomposite.

4.6. UV-Vis absorption spectroscopy
The absorption spectra of the as-synthesized

CuO nanoparticles and CuO/SiO2 nanocomposites
are shown in Fig. 13 and Fig. 14, respectively. The
absorption peaks present at 256 nm in both the
samples are attributed to Cu2+ in the zeolite struc-
ture [41]. Also the existence of absorption band
at and around 800 nm in these samples are due
to the presence of Cu2+ ion [42] and are related
to the electron transmission of the d orbitals. The
above two observations clearly explain the pres-
ence of the copper (II) ions in both the samples
and more importantly the presence of copper (II)
ions in the internal position of silica matrix [43] in
the CuO/SiO2 nanocomposite sample. But it is also
observed that in the case of nanocomposite sample
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there is a slight decrease in the absorption in visible
region as compared to the CuO nanoparticle sam-
ple which could be due to the low concentration of
CuO in the composite sample [44] as well as the
transmitting nature of the SiO2.

Fig. 13. UV-Vis absorption spectrum of CuO nanopar-
ticles.

Fig. 14. UV-Vis absorption spectrum of CuO/SiO2
nanocomposite.

4.7. Field dependent dark and photocon-
ductive currents

For the field dependent dark and photoconduc-
tive current measurements, the samples in the form
of pellets were attached to a microscopic glass slide
and two electrodes of thin copper wire (0.14 mm
diameter) were fixed using silver paint. The ends
of the copper wires were connected to DC power

supply through a picoammeter as shown in Fig. 15.
The applied field was varied and the correspond-
ing current in the circuit was measured. To mea-
sure the photocurrent, the same setup was retained
but with the light from a 100 W halogen lamp illu-
minating the sample. The field dependent dark and
photocurrent characteristics of CuO nanoparticles
are shown in Fig. 16. The plots indicate a linear
increase of current in the dark and visible light-
illuminated conditions with an increase in the ap-
plied field, depicting the ohmic nature [45] of the
contacts.

Fig. 15. Experimental setup for field dependent photo-
conductivity test.

Fig. 16. Field dependent dark and photoconductive cur-
rents of CuO nanoparticles.

The dark and photoconductivity characteristics
of CuO/SiO2 nanocomposites presented in Fig. 17
also evidence the ohmic nature of the contact
by gradual increase in current with the increase
in the applied field. The dark and photocurrent
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Table 4. Dark and photo current values at a fixed applied field.

Fixed applied field
CuO SiO∗

2 CuO/SiO2

ID IP ID IP ID IP

600 V·cm−1 0.01 µA 0.02 µA 0.003 µA 0.003 µA 0.5 mA 0.8 mA
*The SiO2 data has been experimentally measured and reported in our previous paper [28].

values of the samples calculated for a fixed field
of 600 V/cm are tabulated in Table 4.

Fig. 17. Field dependent dark and photoconductive cur-
rents of CuO/SiO2 nanocomposite.

The resistivity of the CuO and SiO2 nanoparti-
cles as well as CuO/SiO2 nanocomposite has been
measured from the inverse of slope of the I-V curve
and is found to be approximately 0.8 × 103 MΩ·cm,
1.6 × 103 MΩ·cm and 0.2 × 103 kΩ·cm for dark
conductivity and 0.5 × 103 MΩ·cm, 1.6 × 103

MΩ·cm and 0.1 × 103 kΩ·cm in case of photo-
conductivity, respectively. In comparison with the
parental counterpart CuO, there is a decline in re-
sistivity by an order of about 103 in both the dark
and the illuminated condition thereby confirming
the enhanced conducting nature of the synthesized
nanocomposite.

The analysis of the said values reveals that
the field dependent dark and photocurrent of the
nanocomposite are larger than those of the CuO
nanoparticle sample and also that of SiO2 samples
made in our lab earlier and already reported in the
literature [28], essentially indicating enhanced pho-
toconductivity and probable photon conversion ef-
ficiency of the CuO/SiO2 nanocomposite.

5. Conclusions
Nanocomposites of sol-gel processed CuO and

SiO2 nanoparticles were synthesized and character-
ized using various techniques. The XRD and SEM
analyses show that the particle size of the CuO
nanoparticle is relatively small and its role in the
nanocomposite is minimal as compared to its coun-
terpart SiO2. The FT-IR spectra reveal correspond-
ing chemical bonding between the molecules and
the formation of CuO, SiO2 and CuO/SiO2 phases
in respective cases. The BET studies of the sam-
ples reveal the presence of mesopores and decrease
in the surface of the nanocomposite as compared to
pure CuO nanoparticles. CuO/SiO2 nanocomposite
exhibits enhanced dark and photoconductivity cur-
rents in comparison with that of its individual com-
ponents CuO and SiO2. Hence, it can be concluded
from this study that there is a significant change
in the structural, surface and chemical properties
and relative enhancement in the transport proper-
ties of the material upon formation of nanocom-
posite. Thus, the synthesized CuO/SiO2 nanocom-
posite which is equipped with improved properties
could be proposed as a potential substitute for its
counterpart nanoparticles and an independent con-
tender for applications in the field of solar cell and
sensors.
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