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Abstract

This work was focussed on increasing optical transmittance of zinc oxide
(ZnO) nano powders by doping it with copper oxide (CuO) and phycocyanin.
ZnO —CuO nanocomposites were prepared by sol-gel assisted methods with zinc
acetate and copper chloride as precursors. The prepared nanocomposites were
characterised by X-ray diffraction (XRD) for structural features and scanning
electron microscope (SEM) for morphology. The crystallite size from XRD pat-
tern was found to be 24 nm. Phycocyanin was incorporated in the prepared ZnO-
CuO nano powders by hand milling technique and optical absorption was ana-
lyzed with Ultraviolet-Visible (UV-Vis)is spectroscopy studies. The absorbance of
phycocyanin included ZnO-CuO nanocomposites was decreased in the range of
550 - 750 nm compared to pure ZnO-CuO nanocomposites indicating a rise in
transmission. This was a successful attempt to increase the transmission from 500
nm for ZnO based solar cells against the previously reported low transmittance
in visible range. The work recommends incorporation of Phycocyanin for cheap
efficient higher transmission nanostructures-based metal oxide solar cells.
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Introduction

Non-materials have gained importance due to their unique size dependant
properties. Discovering the novel unexplored properties at nanoscale has re-
mained a challenge in nanotechnology. Among the various nanomaterials used,
metal oxide nanostructures have been more widely used than metal nanostructures
because of their easy method of preparation, large scale synthesis, low cost, and
bio compatible nature. Metal oxides have been investigated to a greater extent in
academic laboratories. Several nanostructure metal oxides like CuO, ZnO, ALO,,
5i0,, TiO,, etc. have been investigated to a large extent. The main reason could
be due to the possibility of preparation of above materials by sol-gel technique
and the wide methods of synthesis like hydrothermal, solvothermal, CVD, and
PVD techniques available. ZnO is researched widely in comparison to other met-
al oxides and is also the poor man’s semiconductor. The major advantages of ZnO
nanostructures include the multiple substrates options for growth, high electron
mobility, good transparency, room temperature luminescence, bio compatibility,
and bio safety [1]. ZnO has a tuneable wide band gap which is apt for solar cell
materials. ZnO can be used in dye sensitised solar cells providing a cheap low-
cost alternative to the conventional inorganic silicon (Si) solar cells. Each single
Si cells can produce a maximum open circuit voltage of 0.5 - 0.6 V  and power
of 0.7 W. ZnO based dye sensitised solar cells (DSSC) have reported to have
an open circuit voltage of 0.807 V [2]. However, the Si solar cells can yield an
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efficiency of 4 times more than ZnO based DSSC. The major
hindrance with DSSC is the low absorption of photons across
the entire spectrum of sun light. Thus, improving the opti-
cal transmittance of ZnO can increase the efficiency of ZnO
based DSSC. Doping ZnO with 1% to 3% and 6% to 30%
Cu has shown to increase the transmittance of ZnO thin films
[3, 4]. The scattering light in thin film ZnO based solar cells
is harvested efficiently by modification in nanoparticle density
through Al and Cu inclusions [5]. Doping ZnO with CuO
can increase the surface area providing more reaction sites
and increasing the electron transfer. CuO-ZnO nanocopmos-
ite based solar cells have reported to have a maximum con-
version efficiency of 1.52% and an open circuit voltage of 0.41
[6]. The efficiency can be tuned with nanosized, nanoshape
and composition variation of ZnO & CuO. ZnO can absorb
only UV radiation whereas CuO can absorb the radiation till
1000 nm. Thus, a combination of ZnO-CuO can increase the
absorption of sunlight over a broad range in comparison to
pure ZnO. One of the main aims of this work was to enhance
the optical transmission of ZnO and hence nanocomposites of

ZnO-CuO have been investigated.

Phycocyanin is a pigment protein complex and is an
accessory pigment to chlorophyll. It is generally used in
medical and food applications and has a deep blue colour
which can absorb radiations in the range of 600 nm.Hence
inclusions of phycocyanin in the metal oxide based solar cells
can increase the optical transmission. The present work was
focussed on improving the optical transmission of ZnO-
CuO Nanocomposites with phycocyanin inclusions for better
transmittance by reduced absorbance.

If the transmittance of ZnO is improved in solar cell
applications, it can potentially replace the ITO (Tin doped
indium  oxide layer). The ZnO conductive thin film has
shown a high transmittance in the range of 800 nm - 1200
nm.The average transmittance in 300 - 1200 nm range is
less and needs improvement [7]. It has been suggested that
annealing or doping can enhance the optical performance of
ZnO thin films. Annealing can change the grain size of the
nanostructures and doping can produce interfacial defects
which can alter the transmittance property. In the present
work, ZnO has been investigated with CuO and phycocyanin
inclusions, with an attempt to decrease the absorbance. ZnO
— CuO nanocomposites with phycocyanin inclusions can also
be coated on flexible substrates improving the usability of
ZnO based electronics [8].The present work aims to improve
the transparency of ZnO based nanostructures. Though I'TO
are used extensively as transparent electrodes for various
optoelectronic devices like LED, Solar cell, and OLED ,they
suffer from drawback of high cost. If the transmittance of ZnO
based nanostructures can be enhanced, they can be a cheap
substitute for ITO [9]. Previous research work was reported
on increasing the transmittance of ZnO through Gallium
dopants and by Chemical vapour deposition [10]. In this work
an attempt to increase the transmittance of ZnO through low
cost dopants (CuO, and phycocyanin) and low temperature
synthesis methods was presented. Increasing the transparency
of ZnO can also provide a high degree of protection against
UV radiation [11]. Several works have also been reported with
composites made from ZnO. Among all nanocomposites,

CuO-ZnO has attracted more interest in researchers. This is
due to their tunable properties and nontoxic nature [12]. CuO
can lower the band gap of ZnO and enhance its conductivity.
It can also aid the photo catalytic and gas sensing properties
of ZnO nanostructures. The complete interaction mechanism
between CuO and ZnO is yet to be explored but researchers
have demonstrated efficient solar cell applications for CuO-
ZnO nanocomposites [13]. It has been reported that the
transmittance and optical band gap of ZnO decreased with
increasing concentration of CuO in the visible wavelength
range [14]. In the present work phycocyanin, pigment protein
complex was added in ZnO-CuO nanostructures with an
attempt to increase the transmittance of ZnO for making
more efficient ZnO-CuO nanostructure solar cell materials.

Materials and Methods

0.1 M solution each of zinc acetate dihydrate and copper
chloride with water are prepared individually by magnetic stir-
ring for 1 hour each. The contents were then made into a sin-
gle solution and suitable amount of NaOH was added so that
the pH reaches 10.5 approximately. The contents were stirred
for two hours and calcined at 500 °C for 2 hours. The product
was hand milled to get nanocomposites of ZnO-CuO. The
complete synthesis process for ZnO-CuO composites can be
found in [15]. The prepared nanocomposites were character-
ised by XRD and SEM. Phycocyanin was added in the ra-
tio 1:1 and the UV absorption of both the composites were
investigated to analyse the optical absorption of phycocyanin
included ZnO-CuO nanocomposites. The flow chart for the
entire work was shown in Figure 1 and preparation of ZnO-
CuO nanocomposites with phycocyanin was shown in Figure

2.

Preparation of solution A
Zinc Acateate +Water

Preparation of solution B
Copper Chloride +Water

!

Preparation of solution C

SolutionA+Solution B+NaOH

l

Stirring process

Calcination @ 500°C
Samples tested by XRD, SEM

Phycocyanin is added to

Zn0-CuO.

[ UV absorption studies form Analysis ]

Figure 1: Methodology of preparing ZnO —CuO with phycoyanin
inclusions.
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Figure 2: Preparation of ZnO- CuO nanocomposites with phycocyanin.

Results and Discussion

XRD analysis was performed with PANalytical X Pert
PRO powder X-ray Diffractometer. XRD analysis is perform-
ing with X rays of Wavelength 1.54A for diffraction angles
from 20° to 80°. The scan size was 0.05 and scan step time was
10 seconds for 0.05° with a temperature of 25 °C.’The start an-
gle and end angle of scanning were 20° and 80°.'The five peaks
present between 20 values of 30° to 40 indicate the presence
of ZnO-CuO composites. The peaks corresponding to 32°,
34°, and 36° indicate the presence of ZnO and peaks close
to 35° and 38° indicate the presence of CuO[8]. The XRD
pattern was compared with JCPDS -48-1548 for CuO and
JCPDS-036-1451 for ZnO. The peaks from 38° indicate re-
flection form (111) plane due to CuO phase and peak at 32°
indicate reflection from (100) plane due to ZnO phase. By
using Debye—Scherrer equation crystallite size calculated from

XRD was 24 nm. The XRD of the prepared ZnO-CuO nano-
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Figure 3: XRD of the prepared ZnO-CuO nanocomposite.
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Figure 4: SEM of the prepared ZnO-CuO nanocomposite.
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composite was shown in Figure 3 The morphology of prepared
sample was investigated by SEM. The Quanta FEG-250 SEM
instrument was used for SEM analysis in which resolution of
1.5 nm can be obtained. The average particle size from SEM
was found to be 100 nm.The SEM image in Figure 4 indicate
a heterogeneous particle size mixture of ZnO —CuO nano-
composites.

The prepared ZnO-CuO nanocomposites and phyycocy-
anin included ZnO-CuO nanocomposites were investigated
for their optical absorption by UV-Vis spectroscopy studies.
The UV-DRS-spectrophotometer (Thermofisher) was used
for investigation within a wavelength range of 190 - 900 nm.
Compared to ZnO-CuO nanocomposites, phycocyanin in-
cluded ZnO-CuO nanocomposites showed a sharp decrease
in absorption from 550 - 750 nm. Thus, the transmittance of
the phycocyanin included ZnO-CuO nanopowders was better
in comparison to pure metal oxide composite and is a better
candidate for solar cell energy harvesting applications. Due to
better transmittance, more efficient ZnO photo anodes can be
implemented in DSSC.

Conclusion

Nanocomposites of ZnO- CuO were prepared via sol-gel
method. The structural properties were examined by XRD.
Crystal sizes were calculated by Debye—Scherrer relation and
found to be 24 nm. The morphology was investigated by SEM.
Heterogeneous particle size was revealed from SEM. The av-
erage particle size was found to be 100 nm from SEM. Phy-
cocyanin was added with ZnO-CuO nanopcomposites in the
ratio 1:1 and the UV-Vis absorption spectroscopy revealed a
better transmittance of the phycocyanin inclusions within a
range of 550 to 750 nm. This can provide an alternative to the
existing drawback ZnO-CuO heterojunction solar cells with
low transmission in visible range. Thus, phycocyanin based
ZnO-CuO nanocomposites can be a better material in place
of ZnO photo anodes or thin film ZnO-CuO solar cell mate-
rials. There is a future scope for research by varying the amount
of phycocyanin inclusions in ZnO-CuO nanocomposites.
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Figure 5: UV-Vis absorbance spectrum of ZnO-CuO nanopowders and
KPhycocyanin included ZnO-CuO nano powders.
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