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1. INTRODUCTION

The industrial

Abstract

The application of natural plant-derived dyes to replace ruthenium-based material as photo-
absorber in solar cells application, have been extensively studied. Several advantages such as low
cost, abundant in supply, sustainability and environmentally-safe make natural materials as
current favourite photo-absorber. Natural plant-derived dyes are known containing natural
compounds (e.g. carotenoids, chlorophylls, anthocyanins) that have the characteristics of
electronic delocalization in extended m-orbital system involving in electronic transfer mechanism.
To date, massive investigations were done to exploit this system to be used as a potential photo-
absorber in solar cells. Due to this matter, the hybrid dyes from the mixture of Pandanus
amaryllifolius (pandan, P) and Curcuma longa (turmeric, T) were successfully prepared and
several physical characterizations were carried out to analyse the photo-absorber (sensitizer)
properties. From the results obtained, the ratios of P:T was varied into 1:2, 1:4, 4:1, and 8:1. This
ratio has changed the wavelength of absorbers that were slightly shifted and the indirect bandgap
(Eg) also were significantly changed. With this new approach, the bandgap of the hybrid dyes as
core point in modulating electrical conductivity of photo-absorber can be simply tuned. By
implying two different extract dyes to form hybrid dyes, the bandgap was found decreased with
higher ratio of T used. Overall results suggesting that by adjusting the ratio of hybrid dyes, the
photo-absorber properties and the Eg values were differed and with slightly modification, better
electrical conductivity can be expected for solar cells application.
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cells (DSSC) concept was introduced in 1991 by imitating
the photosynthesis process (Prima et al., 2017). DSSC has

leads t0 3 number of attractive features, such as low cost, ease of

revolution

overconsumption of non-renewable energy resources
which take hundreds or thousands of years to replenish
(Caineng et al., 2016). The acute consumption also has
led to the energy depletion and associated environmental
issues. The renewable energy such as solar, geothermal,
wind and biomass energy act as alternative resources and
running in various countries to reduce dependence on
traditional fossil fuels.

The unlimited sunlight source is feasible and
worthy to be harvested as energy from sunlight strikes
earth in one hour is greater than energy consumes in a
year (Lewis, 2007). To harvest energy from the sunlight,
solar cell is used to convert light (photon) into electricity
by  photovoltaic  effect. =~ The  discovery  of
photoelectrochemical effect in 1839 has intrigued mass
study in photovoltaic technology (Sauvage, 2014; Hug et
al., 2014). Following the exploration, dye sensitized solar

fabrication and environmental friendly (Sawhney &
Satapathi, 2017). A DSSC model structure is sandwich-
like arrangement with photo-absorber/photo-sensitizer
(dye pigment) as an essential layer that absorb photons
light which has similar function of chlorophyll in leaves,
together with porous layer of photoanode (e.g. titanium
dioxide; TiOy), a cathode (a metal counter electrode) and
an electrolyte for dye regeneration (Will, 2013). Few
factors need to be considered to ensure high solar
performance of DSSC, including the choice of photo-
sensitizer dye used (Abdel-Latif et al., 2016). It is
necessary to further improve the solar cell performance
and in the same time, to reduce the cost of DSSCs for
successful commercialization. It has been reported that
the application of few dyes with complementary
absorption spectra would broaden the spectral sensitivity
of the cell, resulting in higher photo-conversion efficiency
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(Bandara & Weerasinghe, 2006). Much efforts have been
carried out, including tandem DSSCs (Murayama et al.,
2008), hybrid DSSCs (Noma et al., 2009), and co-
sensitized DSSCs based on TiO2 (Choi et al., 2008),
which proven can improve the efficiencies of DSSCs to a
certain extent.

To date, numerous studies reported on the design
engineering and photo-sensitizer performance to increase
its function efficiency (Mathew et al., 2014). Natural dyes
extracted from fruits, leaves, and vegetables are
extensively reported with various solar cell performances
(Iswariya et al., 2017; Al-Alwani et al., 2017; Calogero et
al., 2015; Hug et al.,, 2014). Common natural dyes
contain important pigments for photosynthesis, namely
anthocyanin, chlorophyll etc. are easier for preparation,
cheaper, eco-friendly and biodegradable, replacing
traditional synthetic dyes (e.g.ruthenium, phorphyrin)
(Yiizbasioglu et al., 2017; Gong et al., 2017). The
disadvantage of using a single natural dye is that the dye
works in a narrow range of solar spectrum, which would
minimize the cell efficiency. To characterize the
electronic properties of materials, the optical absorption
measurements are widely used through the determination
of parameters describing the electronic transitions such as
bandgap, valence band tails and excited state lifetime
(Laidani et al., 2008). The measurement of the bandgap of
materials is considered as starting point to evaluate the
potential of specific material could absorb a portion of
solar spectrum. The term “bandgap” (Eg) refers to the
energy difference between the top of the valence band to
the bottom of the conduction band (as shown in Figure 1).
In order for an electron to jump from valence band to
conduction band, it requires a specific minimum amount
of energy for the transition (Soto-rojo et al., 2016).
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Figure 1: Minimum energy required for electron transfer, or
also known as bandgap energy (Moia et al., 2015)

Previous literature commonly focused on
different natural dyes, types and compositions that
influence on the solar performance (Kushwaha et al.,
2013). Whilst, it is widely known that the increase in band
gap of a semiconductor has drastic changes in electrical

and optical properties, in which bandgap is a critical
parameter from application point of view. To achieve the
objectives of the study, the hybrid dyes from Pandanus
amaryllifolius (pandan, P) and Curcuma longa (turmeric,
T) in different ratios were prepared to analyse their photo-
absorption properties from spectral characterization and to
evaluate the resulted bandgap values.

2. MATERIALS AND METHODS
2.1. Preparation of natural dyes extracts and
hybrid dye solutions

The preparation of natural dyes extracts was
done based on the literature with some modifications
(Okoli et al., 2012). About 30 g of fresh Pandanus
amaryllifolius (pandan, P) leaves were washed with
distilled water, blended in 70 % ethanol and properly was
stored under dark condition for overnight. In the same
manner, solution of Curcuma longa (turmeric, T) was
stored under dark condition for overnight after dissolving
in ethanol. Both solutions were then filtered with 0.45 um
Whatman filter paper to remove solid residues and
centrifuged to finally obtain the natural dyes extracts.

The hybrid dye solution containing both dyes
were prepared in different ratios; 1:2, 1:4, 4:1, and 8:1,
denoted as XP: YT (X, Y = number; P = Pandan; T=
Turmeric), e.g., when 1 mL pandan solution was added
with 2 mL Turmeric is denoted as 1P: 2T. The natural dye
extracts and the hybrid dye solutions were properly stored
and protected from direct sunlight, for further
characterization.

2.2. Characterization

The absorption spectra of natural dyes extracts;
Pandanus amaryllifolius (pandan, P) and Curcuma longa
(turmeric, T) and hybrid dye solutions of 1P:2T, 1P:4T,
4P:1T and 8P:1T were determined using UV-Vis
spectrophotometer (Spectrophotometer HACH DR 5000)
in the wavelength range of 400-800 nm. From the
absorption spectra, the bandgap of each dyes and mixture
solutions were calculated by using Tauc method. The
spectral properties of natural dye extracts and hybrid dye
solutions were studied using Fourier Transform Infrared
(FTIR) spectroscopy, recorded from 400 cm™ until 4000
cm?® (Perkin Elmer Spectrum™ 400 FTIR-ATR
Spectrometer). GC-MS analysis also was carried out
using Perker-Elmer Clarus 680 system coupled with
Clarus 600 (El) Mass spectrometer (MS). For GC-MS
detection, the ethanol was used as solven and an electron
ionization system was operated in electron impact mode
with ionization energy of 70 eV. Helium gas (99.999 %)
was used as carrier gas at a constant flow rate of 1 ml/min
and an injection volume of 2 pl was employed (split ratio
of 10:1). The injector temperature was maintained at
250°C, the ion-source temperature at 200°C, and the oven
temperature was programmed at 110°C (isothermal for 2
min), with an increase of 10°C/min to 200°C, then
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5°C/min to 280°C, ending with 9 min isothermal at
280°C. Mass spectra were taken at 70 eV with a scan
interval of 0.5 seconds and fragments from 45-450 Da.
The delay time was set from 0 to 2 min and the total GC-
MS running time was 36 min.

3. RESULTS AND DISCUSSION

The prepared hybrid dye exhibit homogeneous
solution with the changes of color after mixing both dyes
extracts (P and T). Figure 2 shows the photos of dyes
extracts from Pandanus amaryllifolius (pandan, P),
Curcuma longa (turmeric, T) and hybrid dye solutions of
1P:2T, 1P:4T, 4P:1T and 8P:1T.

The absorption analysis of all prepared solutions
was determined from UV-Vis spectroscopy, as shown in
Figure 3.. The absorption spectra of all dyes extracts
showed the presence of distinct absorption peaks in the
visible region from 300 until 800 nm. Pandanus
amaryllifolius (pandan, P) extract dye presents strong
absorption bands at about 415 nm and 660 nm, showing
characteristic of chlorophyll green pigment (Porrarud &
Pranee, 2010; Al-Alwani et al., 2014). Generally,
chlorophyll exhibits an absorption band in the intense
range of visible light due to charge-transfer transition
from the highest occupied molecular orbital (HOMO) in
the ground state to the lowest unoccupied molecular
orbital (LUMO) in the excited state. This makes
chlorophyll as suitable material as photo-absorber in the

visible-light region (Kuo et al., 2011). Meanwhile, the
absorption peak of Curcuma longa (turmeric, T) can be
seen at wavelength range between 400 to 550 nm. It is
known that curcumin is a naturally occurring chemical
compound could be derived from T has a long intense
wavelength absorption range from 420 - 580 nm in the
visible region (Syafinar et al., 2015). These broad UV
absorption spectrums is related to the presence of
phenolic groups in curcumin and the electron excitation
from the n—n* transition which is highly polar due to
intramolecular charge transfer from the phenyl ring
towards the carbonyl moiety (Zsila et al., 2003). By
mixing P and T extracts dyes, UV absorption spectra in
Figure 3.0 display the successful mixture of P and T, with
the existence of both main peaks located in the whole
visible region. With the ratio of 1 P: 4 T, the main peak of
chlorophyll was observed around 660 nm, and higher
ratio of P mixed with T extracts (e.g. 4 P: 1 T), the
distinct absorption peak of chlorophyll was found
gradually increased. Besides, the significant blue-shifted
of slope to the shorter wavelength was noticed when the
ratio of P increased, might be due to the changes of
structural properties occur due the mixing of dyes extract.
Overall, the obtained UV-vis spectra indicated that by
mixing different dyes extracts which have different
absorption band in visible region could effect on the
changes of photo-absorption properties.

Figure 2: Pictures of (a) P, (b) T, () 1 P: 2T, (d) 1 P: 4T, (e) 4 P: 1T, and (f) 8 P: 1 T, respectively
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Figure 3: UV absorption spectra of (a) P, (b) T, (¢c) 1L P: 2 T, (d)
1P:4T,(e)4P:1T,and(f)8P: 1T, respectively

Table 1: Tauc model (bandgap calculation)

Band Gap Energy (E) = he/i

Planck constant (h) = 6.63 x 10-* Joules sec (J.s)
Speed of light (C) = 3.00 x 108 meter/sec (m/s)
Cut off wavelength (L) = *obtained from UV-vis absorbance spectrum
in meters
h C A E
6.63x10°% 3.00x108 4.11x10°7 4.84x10%°
Where 1 eV = 1.6 x 10*° Joules (conversion factor)

eV
3.03

The Tauc model is known as the standard
empirical model whereby the optical gap of an amorphous
semiconductor and amorphous phthalocyanines films may
be determined. Based on the Tauc model, the optical
bandgap was calculated using absorption edge values (A
edge, in nm) from absorption spectra using following
equation summarized in Table 1. The Tauc optical gap is
determined through an extrapolation of the linear trend
observed in the spectral dependence of (ahv)*? over a
limited range of photon energies hv (Mok et al., 2007).
Figure 4 shows the Tauc plot derived from UV-vis-
spectrum of dyes extracts and hybrid dyes respectively.
The estimation of the optical bandgap was made based on
the intersection of the dashed line with the x-axis. It can
be clearly shown that the changes of bandgap values in
relation to the ratio of respective hybrid dyes. As
summarized in the table (inset), P recorded the largest
bandgap value of 2.54 eV and the value was found
decreased to 0.22 eV when P extract dyes was mixed with
2 parts of T. The synergistic mixture of both extract dyes
also contributed to the shifter wavelength to the higher
wavelength (from Figure 3) and thus decreased the
bandgap value. From the ratio of 1P: 4T, it is noticeable
that the Eg value was reduced from 2.54 eV of P or 2.35
of T to 2.30 eV. This analysis concluded that by simply
tuning the ratio of hybrid dyes, the changes of Eg value
could be expected. From the series of dyes extracts, the
1P: AT dyes solution recorded shortest Eg values, which
can be determined due to the composition an
improvement of the photoelectric conversion efficiency
(Del Cafio et al., 2005).
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Figure 4: Tauc plot derived from UV-vis-spectrum of (a) P, (b)
T, (¢) 1P: 2T, (d) 1P: 4T, (e) 4P: 1T, and (f) 8P: 1T,
respectively
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Figure 5: FTIR spectra of dyes extracts and hybrid dyes
solutions

The FT-IR analysis also was carried out to
identify the most important and representative bonds of
dyes extracts. Figure 5 shows FTIR spectra of all dyes
extracts and hybrid dye solutions with characteristic
bands of P and T recorded in the region of 4000 — 400
cm?. There is no additional new peak observed from
hybrid dyes spectra, verify that the mixing approach is
might form physical interaction between P and T. The
notable peaks of the extract dyes can be found at 3300,
3000, 1700 and 1200 cm? resulted from O-H, CH-H,
C=0 and C-O, respectively (Pawar et al., 2014; Faiz &
Fahmi, 2016).

The presence of the main active inredients in
Pandanus amaryllifolius (pandan, P) and Curcma longa
(turmeric, T) were corroborated by wusing Gas
Chromatography-Mass Spectrometry (GC-MS). The main
components present in P including stigmasterol (r.t.
26.171), phytol (r.t. 17.278), ethyl iso-allocholate (r.t.
10.019), and 2-ethylcyclohexyl ester m-toluic acid (r.t.
4.701), respectively. Phytol and m-Toluic acid are widely
known as one of the determinants of chlorophyll
interactions in solution and aromatic compound in
Pandanus amaryllifolius (Fiedor et al., 2003; Wakte et
al., 2012). Whilst, four major compounds were identified
from Curcuma longa (turmeric, T) which are 1-2-
hydroxyl-5-methylphenyl (r.t. 5.904), ar-tumerone (r.t.
10.206), 1-heptatriacotanol (r.t. 14.704), and 6-
octadecenoic acid (r.t. 16.941), as shown in Table 2.0.
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Ar-tumerone was traced in all extract dye solution. Figure 6 and 7 display GC-mass spectra of P and
solution except in P. Main components of P and T were T extraction. Table 2 shows the list of main components
figured out from all hybrid dyes solution (Negi et al., detected from the dyes extracts; Pandanus amaryllifolius
1999), confirming that the interactions of both dyes in the  (pandan, P) and Curcuma longa (turmeric, T).
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Figure 6: GC-Mass spectrum of phytol in Pandanus amaryllifolius sp. (pandan, P) extraction
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Figure 7: GC-Mass spectrum of turmerone in Curcuma longa sp. (turmeric, T) extraction

Table 2: Identified components present

Extract Dyes/ Retention Name Molecular weight
Hybrid Dyes time, (g/mol)
in ethanol rt (minute)
Pandanus 4.701 2-ethylcyclohexyl ester m-toluic acid 246.35
amaryllifolius 10.019 Ethyl iso-allocholate 436.63
sp. 17.278 Phytol 296.54
(Pandan, P) 26.171 stigmasterol 412.7
Curcuma longa 5.904 1-2-hydroxyl-5-methylphenyl 150.175
sp. 10.206 Ar-tumerone 216.324
(Turmeric, T) 14.704 1-heptatriacotanol 537.014
16.941 6-Octadecenoic acid 282.468
5.904 1-(2-hydroxy-5-methylphenyl)-ethanone 150.177
1P:4T 10.174 Ar-tumerone 216.324
14.626 1-heptatriacotanol 537.014
17.247 1-Heptatriacotanol 537.014
4.685 2-ethylcyclohexyl ester 246.35
4P:AT m-Toluic acid
7.912 1-(1,5-dimethyl-4-hexenyl)-4-methyl-Benzene 202.3352
10.112 Ar-tumerone 216.324
14.554 2-Butenoic acid, 2-methyl-, 2-(acetyloxy)1,1a,2,3,4,6,7,10,11,11a-decahydro-7,10- 532.63
dihydroxy 1,1,3,6,9-pentamethyl-4a,7a-epoxy
4.695 2-ethylcyclohexyl ester m-Toluic acid 246.35
8P:1T 7.917 1-(1,5-dimethyl-4-hexenyl)-4-methyl-Benzene 202.3352
10.102 Ar-tumerone 216.324
14.538 2-methyl-, 2-(acetyloxy)-1,1a,2,3,4,6,7,10,11,11a-decahydro-7,10-dihydroxy-1,1,3,6,9- 532.63
pentamethyl-4a,7a-epoxy 2-Butenoic acid
17.262 Phytol 296.54
54

elSSN Number: 2462-2389 © 2018
UMK Publisher. All rights reserved.



J. Trop. Resour. Sustain. Sci. 6 (2018): 50-56

4. CONCLUSION

The dyes extract of Pandanus amaryllifolius
(pandan, P) and Curcuma longa (turmeric, T) and the
hybrid dyes of 1P: 2T, 1P: 4T, 4P: 1T and 8P: 1T were
successfully extracted and prepared. The extract dyes
solutions were characterized by Ultraviolet-Visible
Spectroscopy (UV-Vis), Fourier Transform Infrared
(FTIR) and Gas chromatography—mass spectrometry
(GC-MS). The bandgap values of dyes extract, and hybrid
dyes solution of P and T calculated from Tauc plot shows
the smallest bandgap was obtained from high ratio of T.
With the hybrid dyes solution (XP:YT), the bandgap can
be further decreased from 2.54 eV (P) / 2.35 eV (T) to
2.30 eV (1P:4T). Thus, by simply tuning the ratio of
different extract dyes, the changes of photo-absorption in
visible wavelength and the bandgap values can be
expected. The results obtained suggest that the potential
of Pandanus amaryllifolius sp. and Curcuma longa sp.
hybrid dyes solution as photo-absorber in solar cells. With
further optimization on the spectral study and the ratio of
dyes, the application of these natural plant-extracted dyes
in solar cells is still in progress.
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