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Hybrid solar cells show an increasing number in researches due to its low cost and easy of production.
They are composed by and organic material and a semiconductor oxide. The aim of this paper was to
synthesis and characterize zinc oxide by coprecipitation and apply it in a hybrid solar cell that uses
a P3HT/P3OT copolymer as charge carrier. The cell was assembled in "sandwich" form using FTO/
ZnO/P3HT-P30T as work electrode, (Pt/FTO) as conter electrode and I/I-3 redox couple as electrolyte.
Through the X-ray diffractogram the formation of a single ZnO wutzite hexagonal phase was observed.
The morphology obtained for the oxide was spherical. The results of photochronoamperometry showed
current density values of jJP3HT/P30T =0.55 mA.cm? for the cell in the presence of the copolymer
and the curve jxV showed an efficiency of 0.16% for the studied cell, demonstrating that the polymer

was a satisfactory sensitizer.
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1. Introduction

The search for new devices that can convert solar energy
to electricity is one of the most promising methodologies
for the century, due to issues caused by the burning of fossil
fuels. Many types of photovoltaic devices (PV) have been
studied, even though silicone based solar cells have shown
better efficiency of harvesting light, it has a higher cost,
and a more complicated fabrication process, as described
by Mahalingam and Andullah’.

Third generation PV cells are devices that do not follow
the Shockley Queisser limit. In this class, the perovskite solar
cells (PVK), dye sensitized solar cells (DSSC), quantum dots
sensitized solar cells (QDSC) and, the focus of this paper,
hybrid solar cells (HSC) are found>*. The operation of the
HSC system, is shown in Figure 1.

When receiving light, the organic photosensitizer eject
electrons to a higher energy state, and into the conduction
band of a nanocrystalline oxide. The organic compound is
regenerated by the use of an electrolyte, that intermediates
the charges in all anodic and cathodic interfaces™°. The
oxidized molecules diffuse to a counter electrode, where
they are rapidly reduced, leading to an electron flow, and
consequently an electric current.

The most commonly oxide used in this system is TiO,,
with PCBM polymer ([6,6]-phenyl-C61- butyric acid methyl
ester), however, these materials present a high cost, which
leads for researches of new organic/inorganic materials’.
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Figure 1. Hybrid solar cell assembly.
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Therefore, ZnO, and thiophene derivates polymers are
promising materials to be used in HSC due to the low cost
of production and remarkable redox, electronic and optic
properties to be used as supramolecular compounds?®.

ZnO has many advantages, as thermodynamic stability,
good photochemical properties, great crystallinity, produce
transparent films in invisible light and presents band gap
in the order of 3.4 eV*.
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This work aims to produce ZnO particles by the co-
precipitation method and applied in on hybrid solar cells,
with P3HT/P3OT copolymer.

2. Experimental

2.1 ZnO particle synthesis

The ZnO particles were synthesized by the co-precipitation
method’ by mixing solution of 0.1 mol L*! triethanolamine
(TEA) in an aqueous solution of 0.05 mol L™ of Zn(NO,),.6H,0,
with magnetic stirring. The solution was left in an ultrasonic
bath for 10 min. The obtained powder was centrifuged at
4000 rpm and dried in an oven at 60°C.

2.2 Scanning electron microscopy (SEM)

The scanning electronic microscopy images were
collected witha TESCAN VEGA3 SEM with an SE detector
and tungsten filament at 20 kV and a WD of 10 and 15 mm.

2.3 X-ray diffraction analysis (XRD)

The X-ray diffraction was performed in a Bruker XRD
D2 Phaser instrument with CuKa radiation of 1.54 A ° at 30
kV, 10 mA, a scan speed of 0.5 s and a LynxEye detector.

2.4 ZnO particle application in solar cell

The ZnO deposition (working electrode), was made
with a suspension composed by 3g of zinc oxide, 4 mL of
ultrapure H,0, 0.1 mL acetylacetone (VETEC) and 0.1 mL of
Triton-X (VETEC). The paste was coated by the Spin Coating
method, in conductor glass fluorine tin oxide (FTO) at 2500
rpm. After the deposition, the film was calcinated at 450°C
for 30 min. The ZnO films after calcination, were immersed
in a P3OT/P3MT solution for 24 h for the adsorption®. The
P30T /P3MT copolymer was synthesized by electrochemical
method and the solution was prepared using 0.1 g of P30T
/P3MT in 100 mL of Toluene.

The HSC was assembled in a "sandwich" form, with the
photoanode and counter electrode with electrolytic solution
between the plates, in active area of 0.2 cm?. The electrolyte
used consisted of 0.1 mol L' Lil, 0.05 mol L' I, and 0.5
mol L' 4-tert-butyl pyridine in acetonitrile.

2.4.1 Electrochemical characterization of solar
cells

The characterization of the hybrid solar cell systems was
performed in a Zahner potentiostat, Zennium Electrochemical
Workstation model, linked to XPot and a LOT Oriel-Quantum
Design GmbH-solar simulator, with a xenon lamp and a beam
diameter of 25 mm. The measurements were performed
under illumination of 100 mW c¢m, with a standard solar
spectrum at AM 1.5G.

The open circuit potential was attained when the variation of
Voc was+ 5 mV for 15 min and the photochronoamperometry

Materials Research

measurements were performed for 660 s, with the lamp being
interrupted in intervals of 60 s. Current versus potential curves
(j-V) were measured to obtain the photovoltaic parameters
of the cells and calculate the energy conversion efficiency
of the systems.

3. Results and Discussion

Figures 2 shows the X-ray diffractograms of ZnO particles.
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Figure 2. X-ray diffractogram of ZnO particles synthesized by
coprecipitation.

The samples were investigated by XRD and the
synthesized particles showed peaks identified as (100),
(002), (101), (102), (110), (103), (200), (110) and (201),
which correspond to the reflection planes characteristic of
ZnO of hexagonal wurtzite crystalline phase. All peaks were
identified characteristic to ZnO, with no peaks corresponding
to other compounds or impurities'®. Thus, the synthesized
zinc oxide showed high purity and the peaks were narrow
and intense indicating a high crystallinity of the oxide. The
cataloging of the peaks was performed by comparison with
the crystallographic record PDF 01-075-0576 using EVA
software, referring to pure ZnO.

The morphological aspect of the powder was analyzed by
scanning electron microscopy (SEM), as shown in Figure 3.

The morphology of the ZnO particles is very sensitive
to factors such as the reaction time, concentration, synthesis
temperature and production method "' and SEM image
(figure 3) present spherical morphology for the ZnO,
characteristic of the coprecipitation method and precursor
concentration used'?. According to Zhao (2015), ZnO is a
crystal with a positive pole (Zn*") and a negative pole (O%),
when the molar ratio is 1: 7.5 the particles seek to minimize
the surface energy and rearrange on the surface of the ZnO
nuclei, so that the structures are in the spherical form'.

It is observed that the particles have differents sizes,
but with uniform and defined morphology composed of
agglomerates formed due to the high surface energy associated
to the extensive surface area of the particles'®.
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Figure 3. SEM images of ZnO particles synthesized by coprecipitation.

To evaluate the response of the cell in the presence of
light, the photochromoamperometry technique was performed
and the values for the cell produced only with ZnO and ZnO
+ P3HT / P30T are presented in Figure 4.
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Figure 4. Photochronoamperometry measurements for samples
under 100 mW cm™ of illumination. The lamp was interrupted at
a time interval of 60 s.

It can be seen in Figure 4 that the system ZnO+P3HT/
P30T presented a high on/off ratio and fast switching
because when light struck the cell, the increase in current
was instantaneous, and when the lamp was interrupted, the
current for both systems was close to zero®. This proves
that the reactions that govern the device are extremely fast.
It was also verified that the cell produced only with ZnO
showed a photocurrent close to zero, while the solar cell
sensitized presented j,, . .. = 0.55+0.03 mA cm?, proving

SEM HV: 200 KV
View fedd: 2.77 pm Det: S8
SEM MAQ: 75.0 kx  Date(avdry): 092217

WD: 5,01 mm L_______]

VEGA) TESCAN
00 nm
AMBIOTECOPEL - UNICENTRO

the high electron injection capacity on the surface of the
semiconductor. During the analysis period, the device did
not present current density decay, indicating no tendency
to degradation and consequently the diffusion processes of
the recombination reaction are minimized."

Figure 5 shows the open circuit potential curves (Voc)
for solar cells in the dark and presence of light.
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Figure 5. Open circuit potential obtained for the ZnO solar cells
with P3HT/P3OT copolymer in under illumination of 100 mW
cm? and without light.

It is observed that without light, the solar cell
demonstrate equilibrium potential close to zero, and in the
presence of light the dispositive shows cathodic equilibrium
potential. This significant increase of Voc characterizes a
photoelectrochemical process*.
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The open circuit potential is directly associated to
electronic transfer processes that occur at the solar cell
interfaces'®. The recombination processes that occur at
the FTO / electrolyte interface of the cells interferes in the
potential and the high value of V, =-0.597 V indicates that
the recombination processes decreased!’.

Figure 6 shows the current density versus potential curve
(jxV) and from the graph the photovoltaic parameters of the
cell were evaluated.
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Figura 6. Typical j-V curve obtained from the cell analyzed under
100 mW cm? of simulated solar irradiation.

Using the results shown in Figure 6, it was possible to
determine the photovoltaic parameters of the device listed
in Table 1 and calculate the energy conversion efficiency (n)
using Equation 1, being that, V_ = open-circuit potential,
J, = short-circuit current, FF = fill factor and P, = solar

S
irradiation, of 100 mWcm™'8,

n:<‘f“XV;0XFF>X100%

Table 1. Parameters obtained from the j-V curves of ZnO cell
sensitized with copolymer P3HT/P30T

Solar J /mA P/

E max’ 0,
cell cm mW Vsl V FE nv%
IZ)I;S;/ 0.548+  0.032+ -0.605+  0.48+ 0.16%
P30T 0.06 0.1 0.02 0.015 0.02

When the electrical voltage is zero, the current reaches
its maximum and the current is associated with the electron
injection mechanism and the charge transport of the carriers®.
As the potential is applied the current decays, so there is an
increase in resistance.

The ZnO cell using the polymer P3HT/P30T showed the
efficiency value, n =0.16 + 0.02%, and the current density
value, j = 0.605 mA cm?, demonstrating the contribution
of the polymer to the sensitization of the cell.
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The ZnO+P3HT/P30T cell had a high V, value of
0.605 V, similar to the values found for cells using high
performance dyes. Guimaraes and coworkers reached values
0f0.60 Vand 0.61 V for TiO, cells using ruthenate dyes, that
have a high production costs, when compared to polymers
containing thiophene ring".

4. Conclusion

The X-ray diffractograms showed purity and crystallinity
of ZnO, which exhibited wurtzite hexagonal phase and the
SEM images demonstrated the spherical morphology of ZnO.

The V_ and photocronoamperometry analysis demonstrated
that the sensitized solar cell showed immediate response in
the presence of light, presenting j=0.55 mA cm? this proves
that the reactions that govern the device are extremely fast.

The photovoltaic parameters analyzed by the jxV curve
showed that the ZnO + P3HT/P3OT cell presented an energetic
conversion efficiency of 0.16 + 0.02% indicating an efficient
sensitization of the copolymer in the cell.
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