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Abstract

In this study, we present lycopene-sensitized ZnO (Zinc Oxide) as a photoanode for dye-sensitized solar cells (DSSCs). To
obtain ZnO nanopowder, initially zinc peroxide is synthesized and then thermally decomposed. The bandgap of 3.25 eV was
estimated by Tauc’s formula using the diffused reflectance spectra. Column chromatography was used to isolate lycopene (dye)
molecules from a mixture of carotenoids and lycopene. The ZnO films were deposited on the conducting side of Indium-doped
Tin Oxide (ITO) glass by the doctor blade method. The dye adsorption time on ZnO film was optimized. These DSSCs show
better performance for dye loading times of 24 hours. A photoconversion efficiency of about 0.39% with 281 mV open-circuit
voltage (Voc), 176 Acm™ photo-current density (Jsc), and a 47% fill factor (FF) has been achieved for a novel lycopene-

sensitised ZnO photoanode-based DSSC.
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1. Introduction

In 1991, a breakthrough in organic photovoltaics was achieved
by Graetzel et all by implementing mesoporous TiO-
(Titanium oxide) for dye-sensitized solar cells (DSSCs). In
DSSCs, dye absorbs light photons and with the help of wide
band gap semi-conducting material converts photons to
electricity. A review of the literature indicates that various
synthetic, organic, and natural dyes were used by researchers®
Slas sensitizers in DSSCs. Zhou et al.l'9 studied 20 natural
dyes for sensitization of TiO, based solar cells. And it was
observed that mangosteen pericarp extract showed the best
conversion efficiency amongst all dyes used. These are the
pigments that can be found in different plant parts such as
roots, leaves, fruits, and flowers. The natural dyes are
biodegradable, non-toxic, and environmentally suitable as
compared with the synthetic metal complex-based dyes. Wang
et all' studied natural dyes such as chlorophyll and
carotenoids as sensitizers. Natural dyes such as betalains,!'$1%
anthocyanins,?*21 and carotenes® have been used as
sensitizers. Similar to TiO,, ZnO can be used in the
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construction of photoanode in DSSCs. ZnO have certain
advantages over TiO> such as; (i) wide direct band gap of 3.37
eV, (ii) excitation binding energy of ZnO (60 meV)2-2% is
higher than TiO; (4 meV) and (iii) electron mobility of ZnO
(200 cm*V-!s!) also higher compared with TiO> (30 cm*V-'s”
l)‘[ze- 27]

The DSSC consists of a thick film of ZnO nanoparticles
that accepts electrons from the excited dye since it provides a
large surface area for the adsorption of light-harvesting
molecules.” Due to the same reason, ZnO finds potential
application in photocatalysis,” sensors,*”! light-emitting
diodes,?! solar cells,*?letc. Keis et al.l’*34 reported photo-
conversion efficiency of 5% for porous ZnO sensitized with
metal complex-based dye. Law et al.** used ZnO nanowires
for DSSCs and achieved a conversion efficiency of 0.5%.
Yafeng et al.**I showed that the dye-sensitized ZnO nanowire
can be used in DSSCs to improve light to energy conversion
efficiency. Win et al.®"! had reported the characterization of
nano-sized ZnO electrodes with curcumin-derived natural dye
extract for DSSCs application. Thambidurai et al.3+40
reported flowers like ZnO nanorods for DSSCs. Hosni ez al.1*!]
reported a power conversion efficiency of 4.66% for nanorods
and 4.21% for nano-spheres of ZnO sensitized D149 dye.
Wong et al® have studied the effect of nanoparticle
properties on DSSC's performance. The photocurrent density
(Jsc) and open-circuit voltage (Voc) recorded by Shinde et al.,
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were 179 pAcm™ and 326 mV respectively for DSSCs based
on lycopene sensitized zirconium dioxide (ZrO)
photoanode.*] To date, lycopene dye was not reported as a
sensitizer with ZnO photoanode in DSSCs.

In the current investigations, a seed layer of ZnO was
deposited using a simple, low-cost Doctor Blade technique.
Using XRD (X-ray diffraction), UV-Visible absorption
spectroscopy, photoluminescence (PL), and Scanning Electron
Microscopy (SEM), the prepared ZnO photoanode was
characterized. A novel method was used to synthesize
lycopene dye. Further, a systematic study on lycopene
sensitized ZnO photoanode was carried out.

2. Experimental

2.1 Materials and methods

Materials: Zinc acetate Zn (CH3;COOH),, hydrogen peroxide
(H20,), Ethyl cellulose (SDFCL), a-terpineol (HPCL),
acetylacetone (SRL), anhydrous Na>SOy, petroleum spirit, etc.
Methods: mechano-chemical method and Doctor Blade
method.

2.2 Preparation of ZnO powder

In preparation for ZnO, ZnO; was used as a precursor. The
precursor was synthesized by the prescribed method explained
elsewhere.’”) ZnO, was obtained from the reaction between
zinc acetate and hydrogen peroxide at room temperature by
the mechanochemical method. The dried ZnO, was thermally
decomposed at around 200 °C in a controlled manner and then
annealed at 450 °C for 90 minutes. Crystal parameters were
studied by XRD while surface morphology by SEM. The
bandgap was estimated from diffused reflectance spectra
(DRS) in absorbance mode. Photoluminescence (PL) was
studied by recording the PL spectrum.

2.3 Isolation of lycopene from carrot

The paste of a raw carrot was obtained by grinding carrots in
a mixer. The resulted paste was soaked in petroleum spirit for
24 hours. The extract was taken out and dehydrated using
anhydrous Na>SOs. The dehydrated extract was concentrated
by distillation. The fractionation of carotenoids from the
extract was performed by column chromatography using basic
alumina as an adsorbent. The lycopene fraction was identified
by recording the UV-Visible absorption spectra. The lycopene
fraction was concentrated by the distillation method. Fig. 1
shows the structure of the synthesized lycopene dye.

Table 1 shows the detailed description of the extracted
lycopene dye used for the sensitization of the ZnO photoanode.

2.4 Fabrication of DSSCs

ZnO films were prepared on indium doped tin oxide (ITO)
glass by the doctor blade method. These ZnO films were kept
in lycopene for dye adsorption time of 24 hours to obtain
lycopene sensitized ZnO photoanodes. Poly-iodide (0.05 M I,
+ 0.5 M KI in water) is used as an electrolyte. Platinum film
coated on ITO glass was used as a counter electrode.
Sandwiched type of DSSC was assembled where photoanode
and counter electrode were separated by a spacer having a hole
of 0.5 cm x 0.5 cm at the center. The cell was filled with
electrolytes and characterized by a JV (Current density vs
Voltage) curve. Fig. 2 shows the band diagram & electron
transport in lycopene sensitized ZnO photoanode-based
DSSCs. The position of the conduction band and valance band
of the ZnO is -4.15 and -7.35 eV, respectively (concerning the
vacuum level). The highest occupied molecular orbital
(HOMO) and the lowest unoccupied molecular orbital
(LUMO) energy levels of the lycopene dye were theoretically
calculated using Firefly at B3LYP/6- 311G (d, p). The HOMO
and LUMO levels energies were —4.65 and —2.321 eV,
respectively (concerning the vacuum level).

Table 1. Detail description of extracted lycopene dye.

Nomenclature IUPAC name Molecular formula Molecular Weight (g/Mol)
(6E,8E,10E,12E,14E,16E,18E,20E,22E,24E,26E)-
Lycopene 2,6,10,14,19,23,27,31-octamethyldotriaconta- CaoHs6 536

2,6,8,10,12,14,16,18,20,22,24,26,30-tridecaene.

Fig. 1 Structure of the lycopene dye.
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Fig. 2 Band diagram and electron transport in lycopene sensitized ZnO photoanode based DSSC.

2.5 JV Characteristics

The DSSCs (irradiated under 100 mW/cm?) were
characterized for different parameters under standard
conditions. The overall efficiency of the lycopene sensitized
cells was evaluated in terms of open-circuit voltage (Voc),
short current (Jsc), and fill factor (FF) using the following
formulae.

Fill Factor (FF) = H (1)
where Pmax 1S maximum power output.
Efficiency (1) = Jre X Voo X 2)

Pin

where, Js — short circuit photocurrent density (Acm™2),
Voc — open circuit voltage (volts),

Pin— intensity of the incident light (Wem™),

Jmax — maximum photocurrent density (A cm™) and
Vmax — maximum voltage (volts) in the JV curve.

3. Characterizations

ZnO films deposited on ITO glass and lycopene sensitized
ZnO photoanodes were characterized by various
characterization techniques. XRD (X-ray diffractometer,
model Bruker D8 with CuKo radiation of wavelength 1.54A),
UV-Visible Absorption Spectroscopy (JASCO V-670), SEM
(Scanning Electron Microscopy, JSM-7600F) and EDS
(Energy-dispersive X-ray spectroscopy) to confirm structural,
optical, morphological and compositional properties
respectively. The DSSCs based on lycopene sensitized ZnO
photoanode was investigated using a Keithley 2400 source
meter and solar simulator (ENLITECH Model SS-F5-3A)
under 100 mW/cm? incident light intensity.

© Engineered Science Publisher LLC 2021

4. Results and discussion

4.1 Reaction mechanism

The ZnO powder was formed by following chemical

reaction!*!l as shown in equation No. (3) and (4).
Zn(CH3COOH), + H,0, = ZnO, + 2CH3;COOH T (3)

Thermodynamically ZnO, is more stable than zinc acetate

hence 0,* of H,0, displaces acetate from zinc acetate.

2710, 5 2700 + 0, )
Zn0O; is thermally unstable at a higher temperature and hence
on heating at 200 °C it decomposes to ZnO with the evolution
of O, gas.

4.2 Structural properties

Fig. 3 shows the XRD pattern of the ZnO powder. The XRD
pattern indicates that highly crystalline ZnO having a wurtzite
crystal structure (JCPDS card No. 36-1451).

JOPDS card no. 36-1451
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Fig. 3 XRD spectrum of ZnO powder.
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A similar type of XRD pattern was observed by different
researcher,The lattice dimensions were calculated from the
observed XRD pattern which is found with a wurtzite structure
(a=3.2478A, ¢ = 5.1992A, Crystal density = 5.69 gcm™, Zn-
O bond length =1.977A). The average crystallite size was
estimated by Debye-Scherer’s formula and was found to be
~24 nm.

4.3 Morphological properties

Surface morphology was studied by SEM images as shown in
Fig. 4. The SEM image of ZnO powder shows the nano-
particles with the porous agglomerated crystallites having
grains of a somewhat spherical shape. The average grain size
of ZnO was obtained from the SEM image and observed to be
70 nm. Fig. 5, shows the SEM image of (top view) of ZnO
photoanode having porous and rough structure useful to dye
adsorption.

Fig. 5 SEM image of the ZnO photoanode (Top view).

4.4 Optical properties
Fig. 6 shows the UV-Visible absorption spectra of the ZnO
photoanode. The band gap was calculated from DRS spectra

30| ES Food Agrofor., 2021, 6, 27-34

in the absorbance mode. Fig. 7, shows the graph of
(absorbance)® against energy (eV) of ZnO powder. The
observed band gap is 3.25 eV.
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Fig. 6 Absorbance spectra of the ZnO photoanode.

Fig. 8, shows the photoluminescence (PL) spectra of the
ZnO. It indicates the presence of sharp emission peaks at 384,
395, 451, 468 567, 628, and 668 nm while the broad peak at
426 nm. The peaks at 384 and 395 nm are related to the band-
to-band transitions (valence band to conduction band).
These emission bands at these wavelengths arise in PL spectra
due to electron-hole recombination and it is a measure of the
band gap of semiconductor material. Vanheusden et al.l*"
attributed the origin of such emissions in the ZnO to the
transitions of electrons between photo-excited holes and
singly ionized oxygen vacancies. The peaks at 426, 451, and
468 nm arise mainly due to defects in the ZnO crystal. They
are termed as deep level emissions and they originate from
point defects such as oxygen vacancies and interstitial Zn>"
sites.[3132]
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Fig. 7 Plot of (Absorbance)? Vs energy for ZnO.
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strawberry,¥ Hatem et a/*! reported not more than 0.1%
conversion efficiency for seven different natural dyes. The
ZnO sensitized by natural dye lawsone showed a conversion
efficiency of 0.68% as reported by Khadatare et a/.1>]
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Fig. 9 Absorption spectra of lycopene dye.

4.5 JV characteristics of the cell
Fig. 10, shows the JV curve for lycopene sensitized ZnO
photoanode based DSSCs.

The power conversion efficiency of ~0.39% with Voc ~281
mV, Jsc ~176 pAcm?, and FF ~47%. The photovoltaic
parameters of lycopene sensitized ZnO photoanode-based
DSSCs are summarized in Table 2.

Table 2. Photovoltaic parameters of lycopene sensitized ZnO
photoanode based DSSCs.

Photovoltaic parameter

Voc (V) 0.279
Isc (mA/cm?) 0.176
FF (%) 47
Efficiency (%) 0.39

The conversion efficiency reported for ZnO-based natural
DSSCs was 0.0277% with anthocyanin dye extracted from

© Engineered Science Publisher LLC 2021

Fig. 10 JV curve of the lycopene sensitized ZnO photoanode-
based DSSCs.

The performance of ZnO-based DSSCs for four different
natural dyes such as sappan wood, noni leaves saw flowers,
and black rice was studied by Magaraphan et a/l.¢! and they
observed conversion efficiency of less than 0.06%. Wang et
alB1  reported a charge-separation process at the
donor/acceptor interface for bulk hetero-junction organic solar
cells for carotenoids such as fucoxanthin, B-carotene, and
lycopene and it was observed that the hole mobility of
lycopene was 2.1 x 102 cm?/(V s), which was three times
greater than those of fucoxanthin and B-carotene. The
lycopene shows better performance for photovoltaic organic
solar cells because of its superior charge-carrier transport.
The carrot-derived natural dye for DSSCs was reported by
Win et alB® for the TiO,-ZrO, photoanode with photo-
conversion efficiency of 0.03%. Wang et al.l'7 reported
conversion efficiency increases with the increase of that the
conjugated double bonds in carotenoids in DSSCs. Yamazaki
et al.?l used natural carotenoids such as crocetin and crocin as
a photo-sensitizer and the best performance was observed for
which containing carboxylic as a functional group. Senthil et
al.™ studied ZnO nanorod-based solar cell sensitized with
natural dyes extracted from the beetroot, strawberry, and rose,
it gives better performance power conversion efficiency for
strawberry with photoconversion efficiency of 0.22%.

The present study on lycopene as a sensitizer showed low
efficiency but it is higher than most of the natural dyes. The
lower efficiencies are due to the absence of functional groups
such as carboxylic and hydroxyl groups in the lycopene. Due
to these reasons, the lycopene does not strongly bind to ZnO
and shows lower conversion efficiency. Another point to note
is that the electrolyte in this study is Poly-iodide (0.05 M I, +
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0.5 M KI in water). Water is employed as a solvent in this
process. For DSSC, this is not a favorable alternative in terms
of charges. This could be a factor in the low Jsc. Efficiency
suffers as a result. One of the most effective techniques to
address this issue is to use polymer-based electrolytes such as
(PEG-based Gel Polymer Electrolytes).[¢]

5. Conclusions

In the present work, we have successfully synthesized ZnO
nanopowder by the mechanochemical method. The ZnO thin
films were deposited by the Doctor Blade method. The X-ray
diffraction studies confirm the wurtzite structure of ZnO.
The adsorption of natural lycopene dye of the ZnO films was
to a very less extent (from UV-Visible absorption). The
photovoltaic parameters such as Voc, Jsc, FF, and efficiency
were calculated to be 281 mV, 176 pAcm™, 47%, and 0.39%
respectively. These DSSCs show better performance for dye
loading time of 24 hours. The lower conversion efficiency
of these cells may be due to the weak bonding of the lycopene
to the ZnO because of the absence of the functional groups in
the dye.

Acknowledgment

KMG is greatly thankful to Prof. Ramakrishna More Arts,
Commerce and Science College, Akurdi, Pune, India, and
Advanced Physics Laboratory, Department of Physics,
Savitribai Phule Pune University, Pune, India for experimental
and characterization facilities and constant motivation.

Conflict of interest
There are no conflicts to declare.

Supporting information
Not applicable.

References

[1] B. O'regan, and M. Gritzel, Nature, 1991, 353, 737-740, doi:

10.1038/353737a0.

[2] B. A. Kashyout, M. Soliman, M. El Gamal, and M. Fathy,
Mater. Chem.  Phys., 2005, 90, 230-233, doi:
10.1016/j.matchemphys.2004.11.031.

[3] Olea, Alfredo, Georgina Ponce, and P. J. Sebastian, Sol.
Energ. Mat. Sol. C, 1999, 59, 137-143, doi: 10.1016/S0927-
0248(99)00038-0.

[4] K. Tennakone, G. R. R. A. Kumara, A. R. Kumarasinghe, P.

M. Sirimanne, and K. G. U. Wijayantha, J. Photochem. Photobiol.

A, 1996, 94, 217-220, doi: 10.1016/1010-6030(95)04222-9.

[5] N. I. Beedri, P. K. Baviskar, V. P. Bhalekar, C. V. Jagtap,
Inamuddin, A. M. Asiri, S. R. Jadkar, and H. M. Pathan, Phys.
Status Solidi A, 2018, 215, 1-6, doi: 10.30919/es8d145.

[6] S.S.Khadtare, S. R. Jadkar, K. N. Hui, R. S. Mane, and H.
M. Pathan, International Renewable and Sustainable Energy
Conference (IRSEC) IEEE, 2014, 97-99,
doi:10.1109/IRSEC.2014.7059876.

32 | ES Food Agrofor., 2021, 6, 27-34

[7] S. S. Khadtare, S. R. Jadkar, and H. M. Pathan, Adv. Sci.
Lett., 2014, 20, 1098-1101, doi: 10.1166/as1.2014.5475.

[8] S.A.A.R.Sayyed, N.1. Beedri, and H. M. Pathan, J. Mater.
Sci. Mater. Electron., 2017, 28, 50755081, doi: 10.1007/s10854-
016-6145-2.

[9] S.A.A.R. Sayyed, N. I. Beedri, V. S. Kadam, And H. M.
Pathan, Bull. Mater. Sci., 2016, 39, 1381-1387, doi:
10.1007/s12034-016-1279-7.

[10] N.I. Beedri, S. A. A. R. Sayyed, S. R. Jadkar, and H. M.
Pathan, AIP Conference Proceedings. AIP Publishing LLC, 2017,
1832, 040022, 1-3, doi: 10.1063/1.4980224

[11] S.A. A.R. Sayyed, N. I. Beedri, V. S. Kadam, and H. M.
Pathan, Appl. Nanosci., 2016, 6, 875-881, doi: 10.1007/s13204-
015-0495-6.

[12] S.A.A.R.Sayyed, N.I. Beedri, P. K. Bhujbal, S. F. Shaikh,
and H. M. Pathan, ES Mater. Manuf., 2020, 10, 45-51, doi:
10.30919/esmm51939.

[13] N.I. Beedri, P. K. Baviskar, A. T. Supekar, Inamuddin, S.
R. Jadkar, H. M. Pathan, Int. J. Mod. Phys. B, 2018, 32, 1840046,
1-5, doi: 10.1142/S0217979218400465.

[14] S. S. Khadtare, H. M. Pathan, J. Renew. Sustain. Energy,
2014, 6, 053131, 1-8, doi: 10.1109/IRSEC.2014.7059876.

[15] S. Arote, R. Ingle, V. Tabhane, and H. Pathan, J. Renew.
Sustain. Energy, 2014, 6, 1-9, doi: 10.1063/1.4863692.

[16] H. Zhou, L. Wu, Y. Gao, and T. Ma, Photochem. Photobio.
Sci., 2011, 219, 188-194, doi: 10.1016/j.jphotochem.2011.02.008.
[17] W.X.Feng,J. Xiang, P. Wang, Y. Koyama, S. Yanagida, Y.
Wada, K. Hamada, S.-1. Sasaki, and H. Tamiaki, Chem. Phys.
Lett., 2005, 408, 409-414, doi: 10.1016/j.cplett.2005.04.067.
[18] C. Giuseppe, A. Sinopoli, I. Citro, G. D. Marco, V. Petrov,
A. M. Diniz, A. J. Parola, and F. Pina, Photoch. Photobio. Sci.,
2013, 12, 883-894, doi: 10.1039/c3pp25347c.

[19] H. Martinez, A. Ramon, M. Estevez, S. Vargas, F.
Quintanilla, and R. Rodriguez, Int. J. Mol. Sci., 2011, 12, 5565-
5576. doi: 10.3390/ijms12095565.

[20] C. Giuseppe, J. H. Yum, A. Sinopoli, G. D. Marco, M.
Gritzel, and M. K. Nazeeruddin, Sol. Energy, 2012, 86, 1563-
1575, doi: 10.1016/j.solener.2012.02.018.

[21] G. C. Graziani, A. S. Polo, and N. Y. M. Iha, J. Photoch.
Photobio. A, 2003, 160, 87-91, doi: 10.1016/S1010-
6030(03)00225-9.

[22] Y. Eiji, M. Murayama, N. Nishikawa, N. Hashimoto, M.
Shoyama, and O. Kurita., Sol. Energy, 2007, 81, 512-516, doi:
10.1016/j.s0lener.2006.08.003.

[23] P. K. Bhujbal, and H. M. Pathan, Eng. Sci., 2020, 10, 58-67,
doi: 10.30919/es8d1003.

[24] P. K. Bhujbal, and H. M. Pathan, ES Energy Environ., 2019,
4, 15-18, doi: 10.30919/eseec8c188.

[25] K. N. Hui, K. S. Hui, X. L. Zhang, R. S. Mane, and M.
Naushad, Sol  Energy, 2016, 125, 125-134, doi:
10.1016/j.solener.2015.12.002.

[26] Q. Zhang, S. Hou, and C. Li., Nanomaterials, 2020, 10,
1598, doi: 10.3390/nano10081598.

[27] Chergui, Yahia, N. Nehaoua, and D. E. Mekki, Solar Cells-
Dye-Sensitized Devices, 2011, 49-64, doi: 10.5772/21452.

© Engineered Science Publisher LLC 2021


https://doi.org/10.1038/353737a0
https://doi.org/10.1038/353737a0
http://dx.doi.org/10.5772/21452

ES Food & Agroforestry

Research article

[28] L. Oleg, V. M. Guerin, I. M. Tiginyanu, V. V. Ursaki, L.
Chow, H. Heinrich, and T. Pauporté, J. Photoch. Photobio. A,
2010, 211, 65-73, doi: 10.1016/j.jphotochem.2010.02.004.

[29] K.T. Jun, C.N. Lin, C. L. Kuo, and M. H. Huang, Chem.
Mater:, 2019, 21, 5143-5147, doi: 10.1021/cm071568a.

[30] X. Wang, J. Zhou, J. Song, J. Liu, N. Xu, and Z. L. Wang,
Nano Lett., 2006, 6, 2768-2772, doi: 10.1021/n1061802g.

[31] K. Kihyun, D. Y. Jeong, S. Kim, M. S. Lee, I. S. Yeo, U. L
Chung, and J. T. Moon, Nano Lett., 2006, 6, 1454-1458, doi:
10.1021/n1060708x.

[32] T. P. Chou, Q. Zhang, G. E. Fryxell, and G. Z. Cao, Adv.
Mater., 2007, 19, 2588-2592, doi: 10.1002/adma.200602927.
[33] K. Karin, E. Magnusson, H. Lindstrom, S. E. Lindquist, and
A. Hagfeldt, Sol. Energy Mater Sol. Cells, 2002, 73, 51-58, doi:
10.1016/S0927-0248(01)00110-6.

[34] K. Karin, C. Bauer, G. Boschloo, A. Hagfeldt, K.
Westermark, H. Rensmo, and H. Siegbahn, J. Photoch. Photobio.,
2002, 148, 57-64, doi: 10.1016/S1010-6030(02)00039-4.

[35] L. Matt, L. E. Greene, J. C. Johnson, R. Saykally, and P.
Yang, Nat. Mater., 2005, 4, 455-459, doi: 10.1038/nmat1387.
[36] Y. Li, Y. Wang, C. Chen, A. Pang, and M. Wei, Chem. Eur.
J.,2012,18, 11716-11722, doi: 10.1002/chem.201201047.

[37] T. Win, Y. Maung, and K. K. Soe, Am. J. Mater. Sci., 2012,
1, 28-33, doi: 10.7726/ajmst.2012.1005.

[38] Thambidurai, M., N. Muthukumarasamy, Dhayalan
Velauthapillai, and Changhee Lee, J. Mater. Sci. Mater. Electron.,
no. 72367-2371, doi: 10.1007/s10854-013-1103-8.

[39] M. Thambidurai, N. Muthukumarasamy, D. Velauthapillai,
and C. Lee, J. Mater. Sci. Mater. Electron., 2013, 24, 1921-1926,
doi: 10.1007/s10854-012-1035-8.

[40] M. Thambidurai, N. Muthukumarasamy, D. Velauthapillai,
and C. Lee, Mater. Lett., 2013, 92, 104-107, doi:
10.1016/j.matlet.2012.10.036.

[41] Hosni, Mongia, Ivaylo Hinkov, Christian Ricolleau, Thierry
Pauporté, Samir Farhat, and Noureddine Jouini, Journal of
Surface Engineered Materials and Advanced Technology, 2016,
6, no. 01, DOI:10.4236/jsemat.2016.61001

[42] K.K.Wong, A. Ng, X. Y. Chen, Y. H. Ng, Y. H. Leung, K.
H. Ho, A. B. Djurisi¢, ACS Appl. Mater. Inter., 2012, 4, 1254-
1261, doi: 10.1021/am201424d.

[43] D.R. Shinde, P. S. Tambade, K. M. Gadave, K. S. Pawar,
M. Naushad, and H. M. Pathan, J. Mater. Sci. Mater. Electron.,
2017, 28, 11311-11316, doi: 10.1007/s10854-017-6923-5.

[44] R. A. Pawar, D. R. Shinde, and P. S. Tambade,
Desalination Water Treat., 2016, 57, 16514-16521, doi:
10.1080/19443994.2015.1079248.

[45] E. Ghamri, S. Hatem, S. A. Taya, T. M. E. Agez, A. M. A.
Kahlout, N. A. Dahoudi, and M. S. A. Latif, Sol. Energy, 2002,
80, 209-214, doi: 10.1016/j.solener.2005.05.009.

[46] Etape, Ekane Peter, Josepha Foba-Tendo, Lambi John
Ngolui, Beckley Victorine Namondo, Fomogne Cyrille Yollande,
and Marius Borel Nguefack Nguimezong. J. Nanomater., 2018
doi: 10.1155/2018/9072325.

[47]1 G. R. Khan, Appl. Phys. A, 2020, 126, 1-10, doi:
10.1007/s00339-020-03480-y.

© Engineered Science Publisher LLC 2021

[48] N.I. Beedri, Y. A. Inamdar, S. A. A. R. Sayyed, A. V. Shaikh,
S. R. Jadkar and H. M. Pathan, Adv. Sci. Lett., 2014, 20, 1147—
1150, doi: 10.1166/as1.2014.5500.

[49] N. Beedri, Y. Inamdar, S. A. A. R. Sayyed, A. Shaikh, S.
Jadkar and H. M. Pathan, Chem. Technol., 2014, 8, 283286, doi:
10.23939/chcht08.03.283.

[50] K. Vanheusden, W. L. Warren, C. H. Seager, D. R. Tallant,
J. A. Voigt, and B. E. Gnade, J. Appl. Phys., 1996, 79, 7983-7990,
doi: 10.1063/1.362349.

[51] D. Sridev, and K. V. Rajendran, Bull. Mater. Sci., 2009, 32,
165-168, doi: https://doi.org/10.1007/s12034-009-0025-9.

[52] S. Dutta, and B. N. Ganguly, J. Nanobiotechnol., 2012, 10,
1-10, doi: 10.1186/1477-3155-10-29.

[53] J. B. Harbone, 3" Ed. Springer India Pvt. Ltd., 2003.

[54] E. Jarko, Eur:. J. Sci. Theol., 2012, 1, 5-23.

[55] S. S. Khadtare, A. P. Ware, S. S. Gawali, S. R. Jadkar, S. S.
Pingale, and H. M. Pathan, RSC Adv., 2015, 23, 17647-17652, doi:
10.1039/C4RA14620D.

[56] M. Rathanawan, and J. Joothamongkhon, J. Adv. Mater. Res.,
2013, 658, 25-29, doi: 10.4028/www.scientific.net/AMR.658.25.
[57] X.F. Wang, L. Wang, Z. Wang, Y. Wang, N. Tamai, Z. Hong,
and J. Kido, J. Phys. Chem. C, 2013, 117, 804-811, doi:
10.1021/jp309773b.

[58] S.Y.Win, T. T. Win, Y. M. Maung, K. K. K. Soe, T. T. Kyaw,
C. K. Tan, S. Rajalingam, and Z. Oo, Pertanika, J. Sci. Technol.,
2015, 23, 119-125.

[59] T. S. Senthil, N. Muthukumarasamy, and M. Kang, Bull.
Korean  Chem.  Soc., 2014, 35, 1050-1056, doi:
10.5012/bkes.2014.35.4.1050.

[60] G. Yongfeng, F. Xiangkai, Z. Shupeng, J. Qinglong, Chin. J.
Chem., 2007, 25, 1743-1747, doi: 10.1002/cjoc.200790322.

Author Information

Kisan Mahadeo Gadave received his
master s degree in Inorganic Chemistry
and his Ph.D. in Chemistry from the
Shivaji University Kolhapur. He joined
as assistant professor to Pune Districts
Education Association’s B. G. College
Sangavi, Pune, and presently working
\ I\ at Prof. Ramkrishna More College
Akurdi. Presently he is an associate professor in the same
institute. He received M. Phil. guide recognition in
chemistry from Savitribai Phule Pune University, Pune.
Presently he is working on the deposition of thin films and
their applications in PEC cells and in DSSC.

Pankaj K. Bhujbal is a research fellow
in Physics at the Advanced Physics
Laboratory, Department of Physics,
Savitribai Phule Pune University, Pune,
India with Dr. Habib M. Pathan. He
received his masters degree in Physics
from the Fergusson college, Pune. His
research interests include Metal oxide

ES Food Agrofor., 2021, 6, 27-34 | 33


http://dx.doi.org/10.4236/jsemat.2016.61001
https://doi.org/10.1007/s12034-009-0025-9

Research article

ES Food & Agroforestry

thin films, Quantum Cascade Laser and DSSCs.
Dnyaneshwar  Rambhau  Shinde
received his master’s degree in
Inorganic Chemistry and his Ph. D. in
Environmental  Science from the
Savitribai  Phule Pune University,
Pune. He joined as assistant professor
, to Prof. Ramkrishna More College
Akurdi in 1999 and is now an associate professor in the
same institute. He received Ph. D. guide recognition in
chemistry from a host university. Presently he is working on
synthesis of nanomaterials and its applications in DSSC,
photo catalysis and in gas sensing.

Habib M. Pathan is an associate
professor at the Department of
Physics,  Savtribai  Phule  Pune
University Pune. He obtained his
Ph.D. in 2003 from Shivaji University,
Kohlapur. He was a visiting scientist
(2004-2007) at Korea Institute of

& Science and Technology (KIST), South
Korea. He has joined Department of Physics, Savtribai
Phule Pune University Pune in 2008, and established a new
research  laboratory — namely  “Advanced  Physics
Laboratory” and actively engaged in teaching and
research. His research focused on thin-film deposition,
nanostructured material for Dye sensitised solar cells and
supercapacitor applications, PEC hydrogen Generation.
He has about 205 scientific publications, 04 patents, and
2640 citations. He is a Life Member of Material Research
Society of India. He was a visiting professor at Chonbuk
National University lksan, South Korea.

" Suresh Pandurang Rasale is
Associate Professor and Head of
chemistry  department in  Prof.
Ramkrishna More Arts, Commerce
and Science college, Akurdi, Pune
411044. He had completed Ph.D.
from department of chemistry SPPU,
Pune (Maharashtra state, India) in 2008 and also
completed one Minor research project funded by BCUD,
SPPU, Pune. His research interest is in coordination
chemistry, materials Science and Photochemistry of
Medicinal plants He had published six research articles in
national and international journals.

Publisher’s Note: Engineered Science Publisher remains
neutral with regard to jurisdictional claims in published
maps and institutional affiliations.

34| ES Food Agrofor., 2021, 6, 27-34

© Engineered Science Publisher LLC 2021



