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ABSTRACT

Silver nano-composites (ROPED-AgNPs) were synthesized by bio-reduction of
silver ions usingdye extract from red onion peels (ROPED). Both ROPED and
ROPED-AgNPs were characterized by UV-Vis, FTIR, XRD, EDS and TEM.
While ROPED was amorphous and in micro-scale, ROPED-AgNPs were
crystalline, spherically shaped, non-agglomerating and of sizes within the nano
range. Both materials were evaluated as sensitizers for dye sensitized solar cells
(DSSCs) by assessing their light absorption and photo-electrochemical
properties. Results revealed that ROPED and ROPED-AgNPs are potential light
harvesters and afford energy conversion efficiency of 0.33 % and 0.78 %
respectively.

INTRODUCTION

The conventional inorganic semiconductor photovoltaic devices are expensive to fabricate. In
search for alternatives that are more cost effective devices, researchers have given considerable
attention to dye sensitized solar cells (DSSCs) as possible replacement (Bhogaita et al., 2016;
Taya et al., 2015). This is motivated by the fact that dyes have good absorption and light
harvesting properties, hence can be deployed for converting solar energy into electrical energy
(Sharma et al., 2021). Dye molecules in DSSCs sensitize wide band-gap semiconductors to
radiation in the visible region of electromagnetic spectrum, hence they are often referred to as
‘sensitizers’ (Ezikeet al., 2021). The main composition of a DSSC is a dye-capped nano
crystalline porous semiconductor electrode, a metal counter electrode and a redox electrolyte
which mediates electron transfer processes that occur in the cell. A schematic representation of
DSSC is shown in Fig. 1 (Kushwaha et al., 2013). The performance of a DSSC depends mainly
on the sensitizer used and the semiconductor electrode material (Taya et al., 2015).
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The first reported DSSC deployed ruthenium polypyridyl complexes as a sensitizer due to its
intense charge transfer absorption in the visible region as well as longer lifetime of excited
electrons (O'regan and Gritzel, 1991). Since then, a wide variety of inorganic and synthetic
coloured materials have been investigated as sensitizers for DSSCs (Sharma et al., 2021).
Concerns such as availability, cost and eco-friendliness of these sensitizers have presented
natural dyes as more desirable materials. In addition, natural dyes sensitizers are readily and
sustainably available, nontoxic and easy to prepare. Little wonder why several naturally
extracted dyes have been tested as sensitizers for DSSCs (Hosseinnezhad et al., 2020; Pathak et
al., 2019). However, natural dyes are easily degraded by biochemical and microbial agents
hence their efficiency could decline after a little while. To overcome this limitation, we sought
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to modify the natural dye by bio-reduction reaction with silver ions. The resulting silver nano
composites were then assessed in comparison with the crude extract. To the best of our
knowledge, this is the first time such innovation is being reported.

MATERIALS AND METHOD

Preparation of sensitizer

Red onion peels were washed with distilled water and air-dried under laboratory temperature.
Dried peels were grounded to powder using electric blender. Fifty grams of the powder was
extracted in 1 L of deionized water after soaking for 24 h at 45°C. The filtrate was concentrated
to paste in rotary evaporator and the paste was oven-dried at 45°C to powder. Thereafter, 0.1 g
of the powder was dissolved in 50 mL of deionized water and labelled as Red onion peels
extract dye (ROPED). Then, 25 mL of ROPED was mixed with 25 mL of 0.001 M AgNO; and
stirred at 35- 45°C until colour change was observed, signalling the completion of bio-reduction
reaction and formation of nano particles. This solution was labelled as ROPED-AgNPs.

Solar cell assembly

The current collector used was a 13 Q/sq fluorine-doped tin oxide (FTO) glass plate. The FTO
glass was cleaned with ethanol in an ultrasonic bath for 10 minutes, and the cleaning was
repeated using water, then acetone. TiO, paste (Ti-nanoxide T/SP, Solaronix) was coated on the
FTO plate following previously reported procedures (Tajudeen, 2017)and then air-dried for 5
minutes. The substrates were then annealed at 450°C in air for 30 minutes. This reduced
organic loads which may be present in the film and helps TiO, nano particles to interconnect.
Film thickness was maintained at about 20 um. The TiO, electrodes used were of 0.18 cm?
active area. After annealing, the film was cooled to 80°C, and immersed in ROPED-AgNPs
while another film was immersed in ROPED as control. Immersion time was 24 hours to allow
for sufficient adsorption/incorporation of the dyes on the film, followed by drying of the film in
hot air. A platinum electrode was similarly prepared by coating platinum paste (platisol T/SP,
Solaronix) following the above procedures (Singh et al., 2021).

The TiO, and Platunium counter electrodes were assembled as a sandwich-type cell. From the
hole at the back of the counter electrode, a drop of Iodolyte AN-50 (Solaronix) electrolyte was
injected into the cell. Thereafter, the hole was sealed with hot melt ionomer film (SX 1170,
Solaronix) and covered with glass. The FTO glass edges were then cleaned and soldered with
alloy #143 (Cerasolza) to ensure good electrical contact during measurements.

Materials characterization and tests

Formation of nano-composite and absorption wavelength was determined by UV-Vis
spectroscopy (UV-2600 Spectrophotometer). Incorporation of silver into the nano-composite
matrix was confirmed by X-ray diffraction (XRD) spectroscopy at 260 = 20° — 90° in
comparison with the extract and Energy dispersive X-ray spectroscopy (EDS, EVO MA 15
Zeiss). The morphology and size of the ROPED and ROPED-AgNPs was characterized by
transmission electron microscopy (TEM, FEI TECHNAI G2F20). Fourier transform infrared
(FTIR) spectroscopy was used to characterize functionalities within 400 - 4500 cm™ using
WQF520 spectrophotometer (Beijing Rayleigh). The current-voltage responses and
photoelectrochemical properties were determined at one sun illumination (AM 1.5 G, 100
mWcm™®) using a Keithley 2400 source measurement unit and by electrochemical impedance
spectroscopy (EIS, Gamry REF600 workstation).

RESULTS AND DISCUSSION
Formation and properties of ROPED-AgNPs
From visual observation, the formation of ROPED-AgNPs occurred within 55-60 minutes. This
was signalled by change in colour of the solution to reddish brown (Fig. 2 a).XRD results (Fig.
2 b) shows that ROPED-AgNPs is crystalline whereas ROPED is amorphous. Four peaks were
obtained at 20 = 37.98°, 44.20°, 64.73°, and 77.26° corresponding to (110), (200), (220) and
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(311) Braggs crystallographic planes of face centre cubic (FCC) structure (Ituen et al., 2020).
Analyses of the results using X-PERT High score Plus software package (PANalytical)
confirmed the existence of silver in the Ag’ phase and long range orderly periodic arrangement
of Ag atoms in a fcc structure with a = b = ¢ = 4.0968 A and a= = y= 90°, containing cells of
volume 68.76x10° pm® and density (p) 10.19 gem™. The very high intensity peak at 38.16°
indicates that the (111) plane is the preferred orientation. The calculated crystallite size of
nano-composites were about 45 nm.

EDS results reveals that Ag atoms are absent in the spectrum of ROPED but present in the
spectrum of ROPED-AgNPs (Fig. 2 ¢), confirming that silver nano-composites were actually
formed. The nano composites surfaces are richer in N and O than the crude extracts, perhaps
due to extensive capping of phyto-compounds on the metal surface in the nano scale. TEM
images of ROPED-AgNPs (Fig. 2 d) reveals that they are of 45 nm sizes and are round shaped,
distinct and do not aggregate.

In addition, the FTIR spectrum of ROPED (Fig. 3 a) shows prominent peaks at 1100 and 1610
cm’ attributed to C-O stretching (alcohol, carboxylic acid, ester and ether) and N-H stretching
(alkaloids, amines, amides and proteins) respectively. However, in the spectrum of ROPED-
AgNPs, these peaks shifted to 1120 and1650 cm™ respectively (Fig. 3 b), signifying their
involvement in capping to Ag* ions. The sharp peak at 3450 cm'assigned to O-H stretching
(alcohol, phenolics, flavonoids, etc) was obtained for ROPED-AgNPs instead of the broad peak
at 3400-3500 cm'for ROPED. The peaks at 1400 cmand 2960 cmcorresponding to C=C
(aromatic) and C-H stretch of methylene groups were more prominent in the spectrum of the
nano composites. These may be the active functionalities associated with the formation and
stabilization of ROPED-AgNPs.
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Figure 2: (a) Colour of (i) ROPED and (ii) ROPED-AgNPs (ii) XRD spectra of ROPED and
ROPED-AgNPs (c) EDS spectra of (i) ROPED and (ii) ROPED-AgNPs and (d) TEM images
of (i) ROPED and (ii) ROPED-AgNPs

Light absorption by ROPED-AgNPs.

The progress of development of the nano composites was monitored by UV-Vis spectroscopy.
On complete development, change in colour of the solution occurred due to bio-reduction of
silver (Ag") ions to zero-valent silver (Ag”) by ROPED phyto-compounds. Plasmon resonance
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absorption caused by combined excitation of electrons results in peak absorbance in the UV-
Vis spectrum. While ROPED shows two absorption bands at 508 nm and 585 nm, ROPED-
AgNPs shows a broad absorption band at 495 nm, agreeing with previously reported range of
400 — 500 nm for silver nano particles (Ituen et al., 2021). The observed absorption may be
attributed to chromophores in phyto-compounds in ROPED, mainly quercetin and kaemferol
(Fig. 3 a). These absorption wavelengths are associated with m — m*and n — m*transitions.
While m — m* transitions are characteristic of the conjugated double bonds in the
anthraquininoid moiety of quercetin and kaemferol, n — m*transitions are also characteristic of
the hydroxyl and ether groups which are present in both molecules (Jalalier al., 2020). In
general, most previously reported efficient dye sensitizers had absorption their bands within the
range of 400 nm to 670 nm, which falls within visible region (Ahmed et al., 2016). This
implies that ROPED and ROPED-AgNPs could make an efficient sensitizer or light harvester
for DSSCs. Modification of ROPED into nano particles also resulted in increased intensity of
absorption, indicating better light harvesting properties.
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Figure 3: (a) UV-Vis Spectra of ROPED and ROPED-AgNPs at various time during
development and (b) FTIR spectra of ROPED and ROPED-AgNPs.

Voltage — Current response and Photo-electrochemical characteristics

The performance and photo-electrochemical properties of both ROPED and ROPED-AgNPs
sensitized DSSC were evaluated using some familiar associated parameters. Particularly, the
fill factor (FF) and energy conversion efficiency (1) were determined using Eq. 1 and Eq. 2
respectively(Onahet al., 2020).

I v P,
FF - max'max - max (1)
IscVoc IscVoc
77 — Pout — Prmax — FF (ISCVOC) (2)
Pin Pin EA

wherel,,, 4, and V;,,,, represent the maximum current output value and the maximum voltage
output value corresponding to the output power or maximum power (Pyqy), Isc and V.
represents the short circuit current and the open circuit voltage respectively and Eand A
represent the incident light irradiance and area of deposited film (Ossaiet al., 2021). The results
obtained are displayed in Table 1. Results reveal that ROPED-AgNPs yields higher energy
conversion efficiency than ROPED, hence is a better photo sensitizer. This observation was
also supported by EIS measurement- the radius of the depressed semicircle obtained from
Nyquist plot for ROPED-AgNPs sensitized DSSC (Fig. 4) is larger than that of ROPED
sensitized DSSC. Usually, the larger the radius of the semicircle, the higher the charge transfer,
the lower the rate of recombination and the better the photoelectrical performance of the DSSC
(Onabhet al., 2020).
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Figure 4:(a) Nyquist plots obtained from EIS study of ROPED sensitized and ROPED-AgNPs
sensitized DSSC (b) molecular structure of kaemferol and (c) molecular structure of quercetin.

Table 1. Photo-electrochemical properties of ROPED and ROPED-AgNPs

Sensitizer VoemV) I, (mA) Lyagy(mA) Vi, (mV) FF n(%)

ROPED 338.21 4.383 2.679 221.73 0.401 0.33

ROPED-AgNPs 41247 7.062 4.922 286.46 0484  0.78
CONCLUSION

Dye extracted from red onion peels (ROPED) and the dye-silver nano-composite (ROPED-
AgNPs) act as sensitizers in dye sensitized solar cell. Both ROPED and ROPED-AgNPs
showed intense absorption in the visible region of electromagnetic spectrum resulting in
m — " and n - m*transitions. ROPED-AgNPs showed to be better sensitizer than ROPE
judged from the magnitude of energy conversion efficiency of 0.78 % and 0.33 % obtained for
ROPED-AgNPs and ROPED respectively. Based on the obtained results, modification of dye
extracts into nano particles can improve its performance as sensitizer in dye sensitized solar
cells.
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