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ABSTRACT ik
The study, fabrication and characterization of Mangilera Indica based dye sensitized solar cell (DSSC) we
carried out. Mangifera Indica pigment was extracted using 5g of Mangifera Indica leaves soaked in 10 mls of
methanol for 72 hours. The microscopic glass substrates were dipped into the solution to have the thin film of
about 1 um thickness. The*UV-~visible spectrophotometry analysis was carried out ort' the film to measure the
percentage transmittance and Beer's Lambert law was employed for the estimation of absorbance of the
Mangifera Indica film at each wavelength in the visible to near infrared region of the solar spectrum. The Fourier
Transform Infrared (FTIR) and Atomic Absorption (AAS) spectroscopy analyses were carried out to determine
the functional groups and elemental compositions of the Mangifera Indica photo sensitizer respectively. The pH
of the pigment was investigated using pH meler. The Mangifera Indica based DSSC was fabricated using Indium
Tin Oxide (ITO) glass substrate, Mangifera Indica pigment as photo-sensitizer, Titanium dioxide (TiO:) paste,
graphite paste and iodide/triodide electrolyte. The result of UV-Visible spectrophotometry analysis shows the
transmittance ranges of 55 % to 78 % and absorbance of 0.1 a.u to 0.35 a.u in the visible to near infrared region of
the solar spectrum. The pH meter displayed the pH of 3.6 for the Mangifera Indica pigment. The AAS analysis
confirmed 0.1 mg/L each for iron (Fe), zinc (Zn) and magnesium (Mg) and 0.2 mg/L of sodium (Na) respectively.
The FTIR znalysis confirmed the O-H, C=C, ¢-O-H and C-H stretching at 3270 cm, 1636 cm, 1261 cm!, 1084 cm!
and C-H and C-Br bending at 1019 anand 661 cm! respectively. The maximum open circuit voltage generation
of 132 mV was estimated for the Mangifera Indica based DSSC using digital multimeter.
Keywords: Mangifera Indica, DSSC, Photosensitizer, UV-Visible spectrophotometry, DSSC

Introduction

The photosynthetic green plants are very common in Nigeria and rich in chlorophyll and the use of this natural
pigment has been regularly examined in several studies for different applications. Among the researchers that
have examined one chlorophyll pigment or the other were Abdulsalam et al., 2016; Alahmed et al., 2015; Danladi
et al., 2016; Gong and Sumathy, 2012; Hatem et al., 2015; Kamal et al., 2015; Kroon and Lenzmann, 2007 and
Mohammed et al., 2017.

The history of Mangifera Indica (Mango) began thousands of years ago on the Indian sub-continent. It is the home
fruit of many countries including Nigeria, India, Pakistan and the Philippines (Indu, 2017). Mangifera Indica is
considered as one of the most important fruits crops in tropical and subtropical areas of the world (Uno et al.,
2015). It has several medical health benefits such as anti-aging activities and anti-oxidant in food to mention but
few. The advantages of using natural dyes extracted from leaves over synthetic dyes as photosensitizers in the
fabrication of Dye Sensitized Solar Cell (DSSC) are because of their availability and affordability. Mangifera Indica
contained tannin, anthocynanins and carotenoids sensitizers (Uno et al., 2015). Figure 1 shows the Mangifera Indica
leaves used as photosensitizer in this study.
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Figure 1: pH measurement of Mangife

: ra Indica pigment .
The Mangifera Indica pigment has the pH value of 3.6 which shows the acidity of the chlorophyll pigment.
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Figure 2: Transmittance spectrum of Mangifera Indica thin film

Figure 2 shows the percentage transmittance against wavelength (nm) of Mangifera Indica film, The wavelength
range of the spectrum lies between 400 nm and 1000 nm in the visible to near infrared region. The observed
lransmittance increases as the wavelength increases in the visible to near infrared region of the solar spectrum.

The transmittance is relatively stable between the wavelength ranges of 600 nm to 1000 nm.
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Figure 3: Absorbance spectrum of Mangifera Indica film
of absorbance against the wavelength (nm) of Mangifera Indica film. The absorbance of
s calculated using Beer’s Lambert law. The maximum absorption of the photons by the
00 nm and 550 nm wavelengths with the maximum peak value of 0.35 at 400 nm and
decreases as the wavelength increases throughout the visible region to near infrared region. The absorbance of the
dye ranges from (0.1-0.35) arbitrary unit. The movement of electrons from the ground state to the excited state
and the energy absorbed were shown in the absorbance spectrum. The absorbance at each wavelength was

calculated using equation (1).

Figure 3 shows the plot
Mangifera Indica film wa
dye occurred between 4

A=2-10g;0T (1)

Where A is absorbance, T is Transmittance and logy, is the common logarithm.
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Fi_g\n'e 5 shows the FTIR <pectrum and Table 1 shows the origin, wavenumber and assignment of M'rmgtferg'lndun
pigment with its vibration and stretching modes. It was observed that the peaks ascribed ta Ma‘nngera Indica a_rje
O-H (stretching) at 3270 ¢m1, alkyl C=C (stretching) at 1636 cm!, aromatic ethers, #-O-H (stretching) at 1261 cm/,
C-H (stretching) at 1084 cm and 1019 cm’ C-Br (stretching) at 661 cm'l.

Figur 6: Testing of fabricaled Mangifera Indica based DSSC
Figure 6 show the lesting of fabricaled Mangifera Indica based DSSC. The fabricated DSSC was tested with
digital multimeter and the maximum open circuit voltage of 132 mV was estimated.

CONCLUSION

The study, fabrication and characterizalion of Mangifera Indica based dye sensitized solar cell were carried out.
The UV-Visible spectrophotometry results showed that the transmittance of Mangifera Indica film increases with
wavelength from 45 % to about 80 % and the absorbance decreases abruptly from 0.1-0.35 arbitrary unit as the
wavelength increases from 400 nm to 1000 nm in the visible to near infrared region of the solar spectrum. The
AAS analysis of Mangifera Indica pigment confirmed the presence of zinc, iron, magnesium and sodium al
diiferent concentrations. The FTIR analyses shows the O-H, C=C, ¢-O-H, C-H and C-Br stretching al respective
wavenumbers. The testing of the fabricated Mangifera Indica based DSSC displayed the maximum open circuit
vollage ot 132 mV.
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