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Abstract

Dye is one of the principal parts for high power conversion efficiency in a Dye-Sensitized Solar Cell. Conspicuous developments have taken
place via the work of several researchers in engineering of novel dye structures so as to enhance the performance of the system. The properties
of a natural mineral dye were studied in this work. The structure of the dye was determined and discovered to have contains constituents
which could enhance better absorption of solar radiation for use in a Dye-Sensitized Solar Cell (DSSC). The Lead Sulphide and iron content
of the mineral dye studied as revealed by the X-Ray diffraction analysis done suggest this. The X-Ray Fluorescence (XRF) done revealed that
the concentration of Lead and Iron (Fe) is high as compared to other elements present in the material, probably as a result of the fact that
it is a geological sample (of the earth) and which may even suggest its colour and hence makes it absorbs solar radiation of visible region
at its wavelength (around 380 nm – 800 nm). The functional groups present in the dye as obtained from the Fourier transform infrared
spectroscopy are the Amine, Carbonyl and the hydroxyl groups, all which confirms the suitability of the dye material in photosensitizing a
semiconductor in a DSSC. The absorption spectra of the dye within the visible region of electromagnetic radiation shows that the material
has high, increased and stable absorption of visible light which is suggesting a more durable natural dye for a DSSC than the easily degraded
natural dyes of plants source.
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1. Introduction

As at the end of 2017, roughly 1.8% of the globe electrical

energy came from solar photovoltaics (PV), which has a vital

prospect to have a key role in all major future energy mat-

ters with an installed capacity of about 5 Terawatts by 2050

[1]. Dye-Sensitized Solar Cell (DSSC) has its genesis from the
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suggestion of O’Regan and Gratzel and was classified as the

third generation of photovoltaic devices for the conversion of

visible light into electrical energy [2]. Since the advent of dye-

sensitized solar cells (DSSCs) in 1991, extensive researches

are seriously ongoing on it as an alternative to silicon-based

solar cells, and even the thin film solar cells; owing to their

simple structure, transparency, flexibility and low production

cost. Regardless of these advantages, the low efficiency of

DSSC when compared to the long-ranged silicon-based cells

is a limitation to their commercial implementation [3]. Cur-

rently, DSSC has the potential of converting photons from

sunlight to electrical energy at an efficiency of 13%, accord-

ing to [4]. A concerted and intensive effort is being put to-

wards the optimization of various components of DSSC with

the aim of fabricating more efficient and stable cells. Dye-

Sensitized Solar Cells which are liquid-based consist of a flu-

orine doped Tin Oxide frontcontact (FTO) on glass, nanopar-

ticle photoanode covered in a monolayer of sensitizing dye, a

hole conducting electrolyte, and finally graphite or platinum

coated FTO counter electrode (back contact). In Dye-Sensitized

Solar Cells, the dye is one of the key components for high con-

version efficiencies of power. In recent time, obvious progress

has been achieved in the engineering of novel dye structures

in order to enhance the performance of the system. For a

while, Ruthenium based organic complexes have been the

most stable and effective dyes used for DSSCs. As a result,

that these dyes are characterized by its toxicity, relatively ex-

pensive, and difficult method of synthesis, increasing activi-

ties for using natural dyes have been reported [5]. In particu-

lar, the amphiphilic homologues of the pioneering ruthenium-

based N-3 dye have beendeveloped. These dyes show sev-

eral merits when put side by side with the N-3 dye such as:

a higher ground state pKa of the binding moiety which in-

creases electrostatic binding onto the Titanium dioxide sur-

face at lower pH values, the decreased charge on the dye re-

ducing the electrostatic repulsion between adsorbed dye units

and hence increasing the dye loading, the oxidation potential

of these dyes is shifted cathodically compared to that of the

N-3 sensitizer, which increases the reversibility of the ruthe-

nium III/II couple, and finally lead to enhanced stability. [4]

stated that the sensitizers which are currently used in pro-

duction of solar cells are transition metal coordination com-

plexes like Ruthenium (II) carboxylated polypyridyl complexes,

because of their high charge-transfer absorption within the

entire visible range of electromagnetic radiation and highly

efficient metal-ligand charge transfer transition (MLCT). How-

ever, Natural dyes are better desired than these synthetic dyes

because of being more economical, easily attainable, abun-

dant in supply and environmentally friendly. Also, they in-

variably have large absorption coefficient due to allowed π

to π * transitions. These pigments are derived from various

Figure 1: Absorption Spectra of Galena Dye

plant parts such as flower petals, leaves, roots and fruits pulp/bark.

Therelatively quick degradation of even the natural dyes ob-

tained from plants as compared with the metal coordination

complexes calls for considering of an alternative natural dye

with cost effectiveness and good stability. Natural dye can

be categorized into biological and mineral dyes. The biologi-

cal are the ones obtained from plants while mineral dyes are

from natural minerals ofthe earth. In this study, dye obtained

from natural mineral; Galena was characterized and the suit-

ability in absorbing solar radiation for excitation of electrons

in generating electricity via a DSSC is considered.

2. Materials and Method

rock-like mineral; Galena, was obtained from a commu-

nity market around the location of study, Ilorin, Nigeria (LAT.

8.49280 N, LONG. 4.59620 E). The natural substance was grinded

with an electric industrial grinder into a powder. The dye

was separately extracted from the powder using an organic

solvent (isopropyl alcohol). The structural property of the

dye was studied by carrying out X-Ray Diffraction (XRD). The

quantitative analyses of the dyes were done using the X-Ray

Fluorescence (XRF) technique, to obtain the elemental com-

position of the dyes. The functional groups present 4 in the

dyes were determined using the Fourier Transform Infrared

(FTIR)Spectroscopy. The Absorption spectra of the dye was

studied within the visible region of the electromagnetic ra-

diation and it was done using the UV-VISIBLE Spectropho-

tometer.

3. Results and Discussion

3.1. Optical Properties

Absorption of electromagnetic radiation is the process by

which certain energy is being taken up with photon by matter.

The absorption spectra of Galena dye is given in figure 1.

Electromagnetic spectrum comprises of Radio wave, In-

frared, Visible light, region (about 380 nm – 800nm), since
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Figure 2: Absorption Spectra of Ruthenium-based dye, N-719 (Prod-

uct No. 703214). Source: [6]

the dye is being studied as a potential photosensitizer in a

Dye-Sensitized Solar Cell (DSSC) which absorbs solar radi-

ation within the visible region of the electromagnetic radia-

tion. It was observed (from figure 1) that the dye has absorp-

tion of solar radiation within the visible region.

Considering Figure 2, the absorption of solar radiation,

based on the absorbance value of a typical Ruthenium-based

dye (a synthetic dye) is just a little higher than that of the min-

eral dye; which shows a promising substitute to the relatively

expensive synthetic dye. It is indeed a potential photosensi-

tizer in a DSSC, as substitute to dyes of plants sources.In ad-

dition, galena is a natural semiconducting material with an

energy gap of about 0.4eV. Indeed, it’s a strong absorber of

solar radiation. The dye extract exhibited a strong absorption

broad band in the visible region with a peak at around 408

nm (absorbance value of 0.2424 a.u. Inferably, very little com-

position of the dye for absorbing the electromagnetic radia-

tion was present. Further work can still be considered on sol-

vents or process of making the galena powder well dissolved

for a uniform analysis by the UV-VIS spectroscopy. Galena

is fundamentally a Lead ore i.e.; Lead Sulphide and lead is

metal. This intense absorption in the visible region has been

reported for anthocyanin and is the reason for the efficient

harvesting of photons in Natural DSSC. Anthocyanins are group

of naturally occurring phenolic compounds responsible for

the colour of many flowers and fruit.Ruthenium-based dye

exhibit ligand-centered charge transfer (LCCT) transitions (π

-π*) as well as metal-to-ligand charge transfer (MLCT) transi-

tions (4d - π*) that can be observed in the absorption spectra

of N-719 dye (Figure 2). The absorption bands at lower en-

ergiesrepresent the MLCT transitions (λ1 and λ2) whereas the

more energetically demanding transitions (λ3 and λ4) corre-

spond to LCCT transitions. Promotion of an electron from π

– bonding orbital to an antibonding π orbital* is denoted by

π - π* transition. Section of molecules which can undergo

such detectable electron transitions can be referred to asch

Table 1: Elemental composition of Galena

Elements Concentration

Ca < 411.684

Sc < 78.741

Ti 263.183 ± 50.390 ppm

V < 203.917

Cr < 141.133

Mn < 38.203

Fe 965.357 ± 44.279 ppm

Ni 318.054 ±36.217ppm

Cu 345.412 ± 21.042ppm

Zn 141.191 ± 11.137ppm

Ga 490.431 ± 40.761 ppm

Pb 3690.413 ± 462.395 ppm

Se 188.198 ± 32.007 ppm

Br < 412.070

Rb < 26.176

Sr < 30.008

Y < 1220.770

-romophores since such transitions absorb electromagnetic

radiation (light), which may hypothetically be perceived as

colour somewhere in the electromagnetic spectrum. The ab-

sorption spectra of galena dye given in Figure 1 shows ab-

sorption bands (408 nm and around 573 nm) at more ener-

getically demanding transitions which is close to LCCTtran-

sitions within the visible region, hence favoring a good ab-

sorption of solar radiation for the operation of a solar cell.

3.2. Quantitative Analysis

The elemental composition of the Galena dye was sum-

marized in table 1. From the analysis it was observed that

the elements with the prominent concentrations in the dye

material are Lead (Pb) and Iron (Fe) with 3690.413 ppm and

965.357 ppm respectively.

The high concentration of Pb and Fe in the sample could be as

a result of the fact that it has its source from the earth (being a

natural mineral). Also, the iron concentration in the dye ma-

terial could be responsible for its lustrous black colour (see

figure 3) which could eventually favours it high absorption

of electromagnetic radiation in the visible region. Although

Iron (Fe), Copper (Cu), Silver (Ag) etc. are naturally parts of

the common impurities of galena ore.

The results discussed under the optical properties and as

seen in table 2 justify this fact and also as revealed by the re-

sult given by the XRD pattern.

Colours in the visible region of the electromagnetic spec-

trum are red, orange, yellow, green, blue, indigo and violet.

These Colours absorb at different wavelengths of light (table

2), which in turn carry different magnitude of energy.The ma-
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Figure 3: Image of Galena (source:[7])

Table 2: Corresponding wavelength of colour in the visible region

Elements Concentration

Red 622-780

Orange 597-622

Yellow 577-597

Green 492-577

Blue 455-492

Violet 390-455

terial being considered has a colour close to the ones within

the wavelength range of 390 nm – 577 nm, as it is in table 2.

3.3. Fourier Transform Infrared Spectroscopic (FTIR) Analysis

of the Dye

An FTIR spectrum of the Galena dye is shown in Figure 4.

The functional groupspresent in an organic dye responsible

for the absorption of solar radiation are actually the Amine,

hydroxyl and the carbonyl groups.

In addition to the high absorption coefficient in the visible

region of the electromagnetic spectrum, the presence of hy-

droxyl and carbonyl anchoring groups in the dye as revealed

by the stretching vibrations at 2883.1 cm−1, 2933.4 cm−1, 2970.7

cm−1 and 1654.9 cm−1 respectively will enable their adsorp-

tion unto the surface of semiconductor to be used in a DSSC.

The presence of the Aminegroup in the dye is revealed by the

vibration at 3332.2 cm−1. The absorption bands for bending

vibrations are typically found in the fingerprint region (1400

– 600 cm−1). These vibrations correspond to the likely metal-

bonded compounds present in the region which character-

Figure 4: FT-IR spectra of Galena dye

Figure 5: XRD pattern of Galena sample obtained for an organic dye

ization carried out using the X-ray Diffraction (XRD) tech-

nique revealed.

3.4. 3.4 X-Ray Diffraction Characterization

The dye material was subjected to X-ray Diffraction. The

XRD pattern obtained for the dye was given in Figure 5. The

2θ peak values considered are as follows: 26.00, 30.10, 43.10

and 52.50 corresponding to diffraction from planes (1 1 1), (2

0 0), (2 2 0) and (3 1 1) respectively for the galena.

The XRD patterns confirms the presence of Lead Sulphide,

in the dye material, as thismatches with the JCPDS Card no.

[05-0592]. It is confirmed to be of face-centeredcubic crys-

tal. The multiple peaks obtained from the X-ray diffraction

point to the fact that it is also polycrystalline. The crystal

plane (2 0 0) is the prominently seen in the XRD pattern. This

is in agreement with the report of [8]. The prominent peak

in the XRD pattern corresponds to the galena, (PbS) mineral

in the galena ore sample as other mineralogical content of

the ore could be sphalerite (ZnS), Pyrite (FeS2), Chalcopyrite

(CuFeS2), etc. The confirmed PbS, a semiconducting mate-

rial, in the galena ore actually makes it a potential absorber /

good photosensitizer in a natural DSSC.
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4. Conclusion

This research focuses on the properties of a mineral dye

which make it suitable as a potential photosensitizer in a Dye-

sensitized solar cell (DSSC). The dye, though from a material

being used for different purposes, among which is cosmetics

in some part of Africa for decades, is discovered to possess,

through the characterizations carried out, tendencies of be-

ing a good absorber of solar radiation in the visible region of

electromagnetic radiation. This is expected to yield an im-

proved power conversion efficiency of the cell.
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