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Dye-sensitized solar cells are promising future clean energy. Usnally, Ruthenium complex was used as
dye in the TiO, dye-sensitized solar cells, However, Ruthenium complex is expensive due to rare material of
Ruthenium. In this work. various natural dyes, such as Basella rubra Liun, Dicerma biarticulatum (L.) DC, and
Morus alba L were mvestigated for ZnO DSSCs. The dye solutions were characterized optical propertics by
UV-Vis spectroscopy. The structure of ZnO DSSCs was FTO/ZnO/dye/clectrolyte/PYFTO. For these DSSCs,
ZnO in the form of nanoparticle and powder was used as an semi-conductor layer. The photoconversion
characteristics of ZnO DSSCs were tested under simulated sunlight AM 1.5 came from a solar simulator with
the radiant power of 100 mW/cm’. It was found that DSSCs with Dicerma biarticulatum (L.) DC and ZnO
nanoparticle yielded the highest photoconversion efficiency of 0.14% among the investigated natural dyes.

Keywords: Dye-sensitized solar cell; Natural dye; ZnO

1. INTRODUCTION

Dye-sensitized solar cells (DSSCs) are promising
future clean energy which become popular and inexpensive
[1]. Solar cell is a device for converting solar energy into
electricity. The structure of DSSC composes of five main
components: transparent conductive mechanical support,
wide-band-gap semiconducting  photo-electrode,  dye
sensitizer, redox couple electrolyte and Pt counter-
electrode. The Ruthenium complex is mostly used as a dye
for DSSC. According to the work from Grizel group, they
have used TiO; nanoparticle as photo eclectrode and
ruthenium  bipyridyl complexes as dye sensitizer. The
results  showed the significant  progress  with
photoconversion efficiency up to 11-12% [2]. However. the
ruthenium complex is rather expensive and rare material.

ZnO is one promising metal oxide semiconductor
that could be used as photoelectrode 1n DSSC. This is due
to its band gap, electron affinity, and electron injection
effiency which are nearly the same as TiO; [3].

The natural dyes obtained from the fruit, flower and
leaf of plants provide the variety of color from red to
purple. These natural dyes can be extracted casily by a
stmple procedure. Photosensitizers for DSSCs from natural
plants have been investigated by many researchers. In
china, Hao et al. (2005) report the alcohol extraction of
black nce. erythrina variegate flower. rosa xanthina
flower, capsicum and kelp and also the dye refining by
chromatogram method. The black rice extract gives the best
photosensitized effect because the anthocyanin molecule in
black rice extract perform the better absorption on TiO;
porous film [4]. In Mexico, NM GOmez-Ortiz et al.
(2010) have explored the use of dye extract from achiote-
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seed (Bixa orellana). The pigments of bixin and norbixin
are obtained by sepwration and purification using
chromatrograph. It has been reported that the highest
efficiency comes out with the bixin-sensitized solar cell due
to its highest light absorbance ability [S).

In this work, natural dyes extracted from Basella
rubra Linn, Dicerma btarticulatum (L) DC, and Morus
alba L have been mvestigated in ZnO dye-sensitized solar
cells.

2. EXPERIMENT

In this work, two types of ZnO: ZnO nanoparticle
and ZnO powder were used as photo electrode. ZnO
nanoparticle and ZnO powder paste were prepared by
dissolved ZnO nanoparticle (purity of 99.5+%, ZoNoP)
and ZnO powder (punty of 99.9%, Sigma Aldrich) in
polyethylineglycol (PEG 20000, Sigma Aldrich) solution
with ratio of ZnO:PEG equal to 1:1 by weight and sturing
for 30 min. Next, the photoelectrode was fabricated by
sereening  ZnO nanoparticle and ZnO powder paste on
FTO glass and then heated at 400 °C for 1 h with a
temperature rate of 5§ °C/min under normal atmosphere to
remove PEG. The film area was 0.5x0.5 cm’. To prepare
for the dye, the clean and dry Baselia rubra Linn, Dicerma
biarticulanon (L.) DC, and Morus alba 1. were finely
ground and put into a 95 wt% ecthanol solution with
material:cthanol of 1:2 by weight. The dye solutions were
kept in room temperature and avoided direct sunlight for 24
h to extract natural dye sufficiently. Then, the solid
residues were filtered out. After that, the ZnO nanoparticle
and ZnO powder on conductive glass were soaked
Basella rubra Linn, Dicerma biarticulatum (L.) DC , and
Morus aiba 1. organic dye solution for 24 h. The ZnO photo
electrode and the Pt counter electrode (0.5 mM Hydrogen
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hexachloroplatinate(IV) Hydrate ClsH;Pt.aq, in acetone
solution) were assembled together using a hot-melted
double layer parafilm (50 pm thick/sheet). The structure of
Zn0 DSSCs was shown in Fig.1. In this study, each natural
dye was investigated with ZnO DSSCs using ZnO
nanoparticle and powder as a semi-conductor layer. The
redox electrolyte (0.3 M Lil+0.03 M L in polyethylene
carbonate) was filled into the inter-space between the photo
electrode and the counter electrode through two prednlled
holes on the side of the device. The natural dyes and
photoelectrode were characterized by using the UV-visible
spectrophotometer (Vanan Model Cary 350). The
charactenstic of DSSCs such as photocurrent, photovoltage
and power conversion efficiency were determined under
simulated sunlight using a solar simulator with the radiant
power of 100 mW/cm™ (xenon lamp with AM-1.5 filter).
Standard Si solar cell was used to calibrate the incident
light intensity. The photocurent densities versus
photovoltage (J-V) characteristics were measured with dec
voltage and current source controlled by computer. The
short current density (J,;), open circuit voltage (V.), fill
factor (FF), and overall power conversion efficiency (n)
were then obtained from the J-V curve,

7n0) (NPP)
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Figure 1. Structure of ZnO DSSCs. (FTO/ZnO(NP,P)/Natural
dye/electrolyte/PUFTO)

3. RESULTS AND DISCUSSIONS
3.1 Optical properties,
3.1.1 Absorbtion of natural dye

Fig. 2 showed the UV-VIS absorption spectra of
Basella mibra Linn, Dicerma bsarticulatum (L.) DC, and
Movrus alba L in ethanol solution. The absorption maxima
for Basella rabra Linn was expected at 547 nm, while for
Dicerma biarticulatum (L.) DC, the maxima were at 488
and 532nm and for Morus alba L, the maxima were at 536
and 664nm. It can be obtained that Dicerma biarticulatum
(L.) DC was the strongest absorbing dye, followed by
Basella mbra Linn and Morus alba L, respectively,

L %
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Figure 2, The absorption spectra of dye extraction from Basella
rubra Linn, Dicerma biasticulatum (L.) DC | and Morus alba L i
cthanol solution.

3.1.2 Reflectance spectra of photoelectrode

The reflectance spectra of photoelectrode prepared
with ZnO powder substrate and soaked in natural dye for
24 h was shown in Fig.3(a). It can be seen that the dye
molecules from local plants can absorp on surface of ZnO
powder substrate photoelectrode. The highest absorptive
ability was obtained from Basella rubra Linn, followed by
Dicerma biarticulatum (L.) DC and Morus alba L.
respectively.

The reflectance spectra of photoelectrode prepared
with ZnO nanoparticle substrate and soaked in natural dye
for 24 h was shown in Fig.3(b). The dye molecules from
local plants can absorb on the ZnO nanoparticle substrate
photoclectrode surface and the highest absorptive ability
came from Basella rubra Linn. followed by Dicerma
biarticulatum (L.) DC and Morus alba L, respectively.
However, the dye from Dicerma biarticulatum (L..) DC was
suitable for using in both ZnO powder and ZnO
nanoparticle DSSCs due to its absorptive ability was not
too high or too low.
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(b) ZnO pano particle
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Figure 3. The reflect tra of ph
ZnO Nanoparticle (2) and ZnO powder substrate (b),

3.2 Electrical properties.

In Figure 4, the J-V charactenistic of the three
DSSCs sensitized with Basella rubra Linn, Dicerma
biarticulatum (L) DC, and Morus alba L with ZnO
nanoparticle and ZnO  powder  semiconducting
photoclectrode were shown, The photoelectrochemical
parameters such as short current density (J..), open circuit
voltage (V) fill factor (FF) and the overall power
conversion efficiency (1) which determined from the J-V
curves measurement were summarized in table 1. Clearly,
the DSSC having ZoO nanoparticle electrode sensitized
with Dicerma biarticulatum (L.) DC showed highest short
density of 076 mA/em’, and highest
photoconversion efficiency of 0.14%
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Figure 4. J.¥ characteristic of (a) ZoO powder and (b) ZaO
nanoparticle DSSCs with different natural dyes

Table 1. Summary of the photoclectrochemical parameters such
us short current density (J). open circuit voltage (V). fll
factor(FF) and the overall power conversion cfficiency(n) of
DSSCs based on ZnO powder and ZaO nanoparticle substrates
and the natural dye

.

Sebstrate Type of Dye (mAJcm") Va V) FF n (%)

In0 » Basells rubea Linm (X0 033 0af 6087
Dicarma Siarticutstum (1) OC  0.51 046 032 0076
Mors alta 0.4y 027 036 o048
Tosin-Y 31 045 032 046

ZOONP  Dasells ruben Line o1y 029 019 0009
Dicerma Marticutatum (L) OC 070 o.4s o4 o.14
Mores atba .06 045 023 @002
Eosin-¥ 253 0.57 047 067

The efficiency of the DSSCs is comrelated to the
maximum absorbance of the natural dye.

4. CONCLUSION

Natural dyes extracted from local plants of Thailand
such as Basella rubra Linn, Dicerma biarticulatum (L.)DC,
and Morus alba can strongly absorb the visible hight . So,
they can be used as photosensitizer in dye-sensitized solar
cells. The photoconvession efficiency correlated with the
absorption peak and the absorptive ability of dye on the
film photoelectrode on conducting glass, The highest
conversion efficiency was obtained from the solar cell
fabricated with ZnO npanoparticle using Dicerma
biarticulatum (L.) DC dye extract. which is 0.14%, but this
conversion efficiency was still low compare to the Eosin-Y,
The low cell efficiencies might be a result of the overlap of
the dye excited states and the metal oxide conduction band.
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However, the use of natural dye as an altemative sensitizer
for DSSCs is promising duoe to its simple preparation
method, low cost and environmental friendly than the
synthetic dye.

Acknowledgments

T. Chudthaisong would like to thanks Graduate
school, Chiang Mai University for financial support.

" ”

1. Gritzal, M., Solar Energy Conversion by Dye-Sensitized
Photovoltaic Cells, Inorg. Chem., Vol. 44, pp. 6841, (2005)

2. Hongsith, N., Sae-kang, C., Mangkomtong, P., et al, J.V
Characteristics of Dye-sensitized Solar Cell Based on ZuO
Nanobelts with Different Buffer Layer, CMU. J. Nat. Sci.,
Vol. 7(1), pp. 171, (2008)

. 4

Niyom Hongsith and Supab Choopun “ZnO Nanobelts as »
Photoclectrode for Dye-sensitized Solar Cell” Chiang Mai
Journal of Scicnce, 37(1) pp. 001-007, (2010)
Sancun Hao, Jihual Wy, Yunfang Huang, Jianming Lin,
“Natural dyes as photosensitizer for dye-sensitized solar
cell,” Solar Energy, pp. 209-214, (2006)
NM GOmez-Ortiz, LA Vazquez-Maldonado, A R. Perez-
Espadas, GJ. Mena RejOn, JA. Azanar-Barrios, G. Oskam,
“Dyec-sensitized solar with naturaldyes extracted from ahiote
seeds.” Solar Energy & Solar Cells, pp. 40-44, (2010)
Shoji Furukawa, Hiroshi, Tomohisa lwamoto, Koudai, Shoji
Yamauchi “Charactenstics of dye-sensitized solar cells
using natural dye,” Thin Solid Films, pp. $26-529. (2009)
Phathaitep Raksa, Sanpet Nilphat, Atcharawan
Gardehareon, Supab Choopun, “Copper oxide thin film and
tre as a barrier in ZnO dye itized solar cells”
Thin Solid Films, pp. 4741-4744 (2009)
Pecrakit Komsan"Solar cells and Dye-sensitizer from thai
plants” KKU Scicnce Journal, 35(4) pp. 205-214 (2007)
A. Kay, M. Gratzel, Sol. Encrgy Mater. Sol. Cells 44 (1996)




Usz Iadien
& a o £
Yo-ana YLD NIANA G]éﬂul'ﬁﬁ\i
[ A Y a
IU DU ‘l]!ﬂﬂ 17 typ8U 2530
wa = 0 g = ¥ = A =
ﬂigjﬂfniﬁﬂ‘len fﬂﬁﬂﬂ’liﬁﬂ‘]&lTﬂfu‘d5$ﬂ3Jﬂﬂ']=:lTﬂWﬂiiﬂliﬂu@i{UTaL!ﬂifl'T’]f’ﬁlﬂ

=} = = =
0. 1BDJ 9. UATI VAN nsanu 2541
o a =< y o 9 = Y
Z‘ﬁlji]miﬁﬂklWuﬂJ‘ﬁﬂiJGmmﬂINLiﬂuuﬂlu AU
=} =) =) =
0. 1D 9. UATI VAU ﬂﬂ’liﬁﬂﬂ’] 2544
o o =2 d o = a v
a']ﬁi]ﬂ’liﬁfn%l']GlfujJ‘ﬁﬂiJL]Ja’]ﬂinﬂii\uiﬂuqi‘ﬁﬁiuWﬂﬂE
=} =) = =
0. DY 9. UATI VAU ﬂﬂ’liﬁﬂﬂ’] 2547
o a = ( a v A A
a'"j{l]ﬂ’liﬁﬂ‘]%l’lﬂ5mumu']'31/]ﬂ’]ﬁ’lﬁﬁﬁﬂmcﬂﬂ ﬁ'lell'ﬁ/\lﬁﬂﬁ

PIANB VB ULNY UM IAAN 2552



