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ABSTRACT

Zinc selenide and Mn doped ZnSe nanoparticles were synthesized by solvothermal method. The
synthesized nanoparticles were characterized by XRD, UV, PL, SEM and EDX spectral analysis. X-ray diffraction
analysis confirmed a hexagonal wurtzite structure and the grain size were found to be 19.32 nm and 7.95 nm for
pure and Mn doped ZnSe nanoparticles. The band gap energy was computed from the absorption data as 2.3 eV
for ZnSe nanoparticles and 3.4 eV for Mn doped ZnSe nanoparticles. The EDX spectral analysis confirmed the
purity of the samples. The solar cell was fabricated using TiO; as a photoanode, pure and doped ZnSe as a counter
electrode, ruthenium dye as sensitizer and I/1* as electrolye and the maximum conversion efficiency of solar cell
were found to be 3.21%.
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1. INTRODUCTION

Nanostructured materials are of significant interest, owing to their unique dimension dependent properties
and useful applications as building blocks in electronics, optoelectronics, sensors and bio imaging. Among several
nanostructures, 11-V1 band gap semiconductors have gained substantial consideration due to their wide applications
in light —emitting diodes, photodetectors and colour displays. In particular, the wide band gap (2.8 eV) and
considerably large binding energy (21 meV) of ZnSe, makes it an inorganic semiconductor for doped nanocrystals.
The extended life time of charge carriers as observed in Mn doped ZnSe could be advantageous to improve the
performance of solar energy conversion systems. DSSC Using ruthenium complex as photo sensitizers such as
N3, N719 and black dyes has shown high photo conversion efficiency (PCE). The extent of diffusion of dye
nanocrystalline TiO2 matrix significantly affects the efficiency and photocurrent in DSSCS. The electron transport
at the dye and nanocrystalline semiconductor interface is a key step in the energy conversion process in which a
photoexcited electron in dye molecules are transferred to external circuit through these semiconductor films.

In this paper, ZnSe and Mn doped ZnSe nanoparticles were prepared via cost effective solvothermal
method at 60°C. The synthesized ZnSe nanoparticles characterized and the quantum conversion efficiency was
measured by fabricating solar cell using the pure and Mn doped ZnSe as photo cathode which would act as
cosenstizer, nanoporous TiO as a photo anode, ruthenium dye as sensitizers and 1/1* as electrolyte.

2. MATERIALS AND METHODS

2.1. Synthesis of ZnSe and Mn doped ZnSe nanoparticles: Zinc acetate and selenous acid were taken as 1: 1
ratio and dissolved in water by continuous stirring and capping agent poly ethylene glycol was added and stirring
was continued for an hour. The reducing agent hydrazine hydrate was added with stirring and refluxed at 60 °C
for 8 hours. The precipitate was centrifuged at 3000 rpm for complete separation of solid. The same procedure was
adopted for the synthesis of Mn doped ZnSe nanoparticles. A 3% solution of manganese chloride was used in the
synthesis of the doped nanoparticles.

2.2. Instrumentation: The synthesized ZnSe, Mn doped ZnSe sample were characterized by using X-ray
diffractometer (MAC Science MO3XHF22) with Cu(Ka) radiation( A = 1.5405A) in the 20 range of 10-80°. Optical
UV-vis absorption spectra of ZnSe were recorded using (schimadzu Uv-Vis 2700 spectrometer).
Photoluminescence (PL) spectrum was recorded at room temperature using a Cary-Eclipse (ELO8083851)
spectrometer. Morphology was characterized by a scanning electron microscope SEM.JSM-7000. The current-
voltage measurement of solar cell was characterized by GS610 YOGOKAWA source measure unit.

3. RESULTS AND DISCUSSION

3.1. Powder X-ray diffraction analysis: X-ray diffraction (XRD) patterns of ZnSe nanoparticles and the Mn
doped ZnSe nanoparticles (fig.1) show intense diffraction peak indexed to (221), (311), (400), (304), (410) and
(331) planes confirming wurtzite hexagonal structure (JCPDS file-046-1045). The increased intensity of the plane
(311) in doped ZnSe may be due to high crystallinity in this plane of doping. The low intensity in undoped system
may be due to imperfection or due to the strain or low crystallinity in the crystal. The average crystallite size of the
particles has been estimated using the Debye-scherer formula. The average crystallite size of synthesized ZnSe
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nanoparticles was found to be 19.32 nm for ZnSe nanoparticles, and 7.95 nm for Mn doped zinc selenide
nanoparticles.

3.2. Uv-Visible spectral analysis: Solid state Uv-Vis absorption spectra was recorded in the region of 200 -800
nm (fig-2). The spectra shows excitonic peaks at 550 nm, and 350 nm for ZnSe and Mn doped ZnSe
nanoparticles. The optical band gap of ZnSe nanoparticles was calculated from the absorption peak using the
formula, Eg =hc/A

The band gap value was found to be 2.3 eV for ZnSe 3.4 eV for for Mn doped ZnSe nanoparticles. From
the UV-visible spectral analysis, the blue shift also confirms the nanocrystalline nature of the sample and is caused
by the strong quantum size effect in nanoparticles. The absorption in lower wavelength region or blue region as the
doping of Mn?* ion, indicating that effective band gap energy increases with decreasing particle size.

Plotting the graph between (ahv?) versus photon energy (hv) gives the value of direct band gap. The
extrapolation of the straight line to (ahv?) = 0, gives the value of band gap shown in fig-3. From the UV spectra,
it is clear that the absorbance decreases with increase in wavelength, this indicates the presence of optical band gap
in the material. The band gap value was increased from 2.3 eV for ZnSe 3.4 eV for Mn doped ZnSe nanoparticles.
From the band gap information, the size of the ZnSe nanoparticles was calculated using hyperbolic band model
(HBM) equation. When doped with transition metals like Mn, the band gap increases as the particle size decreases.
3.3. Photoluminescence (PL) spectral analysis: Photoluminescence spectra of the undoped and Mn doped ZnSe
nanoparticles are shown in fig-4. It is found that two emission bands were observed in the PL spectra. One is a
weak blue emission band located at 490 nm and another is a dominant orange red emission band peak at ~580 nm.
The 580 nm emission band was attributed to the *T1(4G) — ©®A;(®S) transition within the 3d shell of Mn?*
ion. The emission intensity of the luminescence spectra reaches to a maximum for Mn?* ion, which demonstrates
that the luminescence quantum efficiency of the sample increases to a maximum with the number of unpaired
electron in the valence shell. The PL reemitted as red light by the photocathode layer (ZnSe and Mn doped layer)
will reach the active region of the PN junction, this increasing the solar cell photocurrent.

3.4. Morphological analysis (SEM): Fig-5 shows the scanning electron micrographs of synthesized ZnSe and Mn
doped Zinc selenide nanoparticles at 60 °C. The inset figures show high magnification image of the samples. The
ZnSe shows a large agglomeration of undistinguishable morphology. Mn doped ZnSe nanoparticles showed needle
type morphology. The ZnSe nanoparticles confirm the enhancement of well-defined morphological crystallite in
Mn doped ZnSe nanoparticles.
3.5. Energy dispersive X-ray analysis: Fig-6 shows EDX spectra of ZnSe and Zn;xMn,Se nanoparticles. The
peaks of Zinc (Zn), selenium (Se) and manganese (Mn) have been observed, which confirm the presence of Mn in
the host ZnSe nanoparticles and other impurity elements were not observed in the sample.
3.6. Current density with potential: The J-V characteristics of solar cell, under the illumination intensity nof
100mW/Cm? are shown in figure 13. Solar cell was fabricated using TiO as a photo anode, ruthenium dye as
sensitizer and I7/1%as electrolyte, and the synthesised ZnSe and Mn doped ZnSe as a counter electrode and the photo
current was measured (Fig. 7) by varying the applied potential. The photovoltaic parameters and the efficiency of
n was calculated (Table-2) using the equation. The fill factor, FF, is another quantity which is used to characterize
a solar cell. It is defined as
Imp x Vmp Voc Isc FF
FF = —2=_"F =
Isc xVoc Pin
The four quantities Jsc, Voc, FF, and n are frequently used to characterize the performance of a solar cell. The
photovoltaic parameters are given in table.2.

The efficiency of fabricated DSSCs depends on the dopant, which is clearly shown by the photovoltaic

parameters of the ZnSe based DSSC:s (i.e) the efficiency of the solar cell was improved from 2.5 to 3.21%.
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Fig.1.XRD spectrum of undoped and Cu , Fig.2.Uv-Visible absorption spectra of pure
Mn doped ZnSe nanoparticles and Mn doped ZnSe nanoparticles
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Table.1.The particle size and band gap energy of undoped and Mn doped ZnSe nanoparticles

Sample Band gap energy (ev) Particle size (nm)
ZnSe 2.3 17.92
ZnSe 3.4 7.86

Fig.5.SEM image of (a) undoped (b) Mn doped ZnSe nanoparticles
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Fig.6.EDX spectral analysis of (a) undoped (b) Mn doped ZnSe nanoparticles
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Fig.7.Photocurrent density —voltage (I-V) curve of ZnSe nanoparticles
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Table.2.Photovoltaic parameters of the ZnSe based DSSCs
Parameters ZnSe Mn ZnSe

Voc [V] 0.85 0.87

Jsc [mA] 38 38
FF [%] 0.6501 38
1l [%] 2.5 3.21

4. CONCLUSION

ZnSe and Mn doped Zinc selenide nanoparticles were prepared by solvothermal method at 60°C for 8
hours. The synthesized samples were characterized by XRD, UV, PL, EDX, and SEM spectral analysis. The
powder X-ray diffraction analysis revealed that the synthesized ZnSe and doped zinc selenide nanoparticles are in
wurtzite structure with average crystallite size of 19.32 and 7.95 nm. The EDX spectral analysis confirmed the
purity of ZnSe nanoparticles. The band gap of ZnSe nanoparticles were calculated using Uv spectral analysis as
2.3and 3.4 eV. The well-defined morphological SEM image was observed for Mn doped zinc selenide
nanoparticles. The hybrid DSSC using quantum dot ZnSe as photocathode, nanocrystalline TiO; as photoanode,
ruthenium dye as sensitizer, I71% as electrolyte were fabricated and the quantum conversion efficiency of 2.5% for
undoped and 3.21% for Mn doped zinc selenide nanoparticles.
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