REFERENCES

Amao, Y., Yamada, Y. and Aoki, K (2004) Preparation and properties of dye-sensitized
solar cell using chlorophyll derivative immobilized TiU: film electrode. Journal
of Photochemistry and Photobiology A: Chemistry, 164, 47-51

Bach, ., Tachibana, Y., Moser, J., Plaque, S.A,, Durrant, JR., Gratzel, M., and
Klug, D.R. (1999) Charge separation in solic-state dye-sensitized heterojunction
solar cells. Journal of the American Chemical Society, 121, 7445-7446,.

Besra, L., and Liu, M. (2007) A review on fundamentals and applications
of electrophoretic deposition (EPD). Progress in Materials Science, 52, 1-61.

Calogero, G., Marco, G. D., Caramori, ., Cazzanti, ., Argazzi, R. and Bignozzi, ¢. A
(2009) Natural dye senstizers for photoelectrochemical cells. Energy and
Environmental Science, 2, 1162-1172

Chang, I, , HM, Chen, T.L,, Huang, K.D., Jwo, CS,, and Lo, Y.J. (2010) Dye-
sensitized solar cell using natural dyes extracted from spinach and ipomoea.
Journal of Alloys and Compounds, 495, 606-610.

Chen, HW., Lin, C.Y., Lai, Y.H,, Chen, J.G., Wang, C.C., Hub, CW., Hsu, C.Y., Vittal,
R, and Ho, K.c. (2011) Electrophoretic deposition of ZnO film and its
compression for a plastic hased flexible dye-sensitized solar cell. Journal of
Power Sources, 196,4859-4864.

Chen, JM., Hou, JH, Li, Y.F, Zhou, XW., Zhang, J.B., Li, X.P., Xiao, XR., and
Lin, Y. (2009) Fluorescence and sensitization performance of phenylene-
vinylene-substituted polythiophene. Chinese Science Bulletin, 54(10), 1669-
1676.

Chou, T.P., Zhang, Q.F., and Cao, G.z. (2007) Effects of dye loading conditions on the
energy conversion efficiency of ZnO and TiOi dye-sensitized solar cells. Journal
of Physical Chemistry ¢, 111(50), 18804-18811.



80

Ding, 1.K., Kyriazi, JM., Cevey, N.L., Chittibabu, K.G., Zakeeruddin, S.M., Gratzel,

M., and McGehee, M.D. (2010) Deposition of hole-transport materials in solid-
state dye-sensitized solar cells by doctor-blading. Organic Electronics, 11, 1217-
1222

Ding, JN., Li, Y., Hu, HW. Bai, L, Zhang, ., and Yuan, N.Y. (2013) The influence of
anatase-rutile mixed phase and ZnO hlocking layer on dye sensitized solar cells
based on Ti0Zhanofiber photoanodes. Nanoscale Research Letters, s, 1-9.

Figa, V., Luc, L, Baitoul, M., and Sahraoui, B. (2008) NLO properties of polythiophenes
galvanostaticaily electrodeposited on ITO glasses. Journal of optoelectronics and
advanced materials, 10 (s), 2123-2128,

Furukawa, ., lino, H, Iwamoto, T, Kukita, K, and Yamauchi, . (2009)
Characteristics of dye-sensitized solar cells using natural dye. Thin Solid Films,
518, 526-529.

Giannouli, M., and Spiliopoulou, F. (2012) Effects of the morphology of nanostructured
ZnQ films on the efficiency of aye-sensitized solar cells Renewable Energy. 41,
115-122.

Go'mez-Orti'z, N.M., Va'zquez-Maldonado, LA, Pe'rez-Espadas, AR., Mena-Rejo™,
G.J., Azamar-Barrios, J.A., and Oskam, G. (2010) Dye-sensitized solar cells with
natural dyes extracted from achiote seeds. Solar Energy Materials and Solar
Cells, 94, 40014,

Gratzel, M. (2003) Dye-sensitized solar cells. Journal of Photochemistry and
Photobiology C: Photochemistry Reviews, 4, 145-153

Gratzel. M. (2005) Solar energy conversion by dye-sensitized photovoltaic cells.
Inorganic Chemistry, 44, 6841-6851.

Grinis, L., Dor, ., Ofir, A, and Zaban, A. (2008) Electrophoretic deposition and
compression of titania nanoparticle films for dye-sensitized solar cells. Journal of
Photochemistry and Photobiology A: Chemistry, 198, 52-59.

Hagfeldt, A., and Gratzel, M. (1995) Light-Induced Redox Reactions in Nanocrystalline
Systems. Chemical Reviews, 95(1), 49-68.



6l

Han, Y.z., Yang, M.Z,, Lii, W.H,, Qiao, X.B., Zhang, L., and Cai, S.M. (2000) A
photoelectrochemical solar cell base on ZnO/dye/polypyrrole film electrode as
photoanode. Solar Energ Materials & Solar Cells, 60, 349-359.

Hara, K., Horiguchi, T., Kinoshita, T., Sayama, K., Sugihara, H., Arakawa, H. (2000)
Highly efficient photon-to-electron conversion with mercurochrome-sensitized
nanoporous oxide semiconductor solar cells. Solar Energy Materials & Solar
Cells. 64, 115-134.

Hasiah, ., lbrahim, K., Senin, H.B., and Halim, K.B.K. (2008) Electrical Conductivity
of Chloraphyll with Polythiophene Thin Film on Indium Tin Oxide as P-N
Heterojunction Solar Cell. Journal of Physical Science, 19(2), 77-92

Hao, ., ,J. Huang, Y.F., and Lin, JM. (2006) Natural dyes as photosensitizers for
dye-sensitized solar cell. Solar Energy, 80, 209-214

Horiuchi, H., Katoh, R., Hara, K., Yanagida, M., Murata, ., Arakawa, H., and
Tachiya, M. (2003) Electron Injection Efficiency from Excited N3 into
Nanocrystalline ZnO Films: Effect of (N3-Zn2) Aggregate Formation. Journal
of Physical Chemistry B. 107(11), 2570-2574,

Hou, ZH., Qin, P.Y., Zhang, Y., Cui, SH. and Ren, G.H. (2013) Identification of
anthocyanins isolated from black rice (Oryza sativa L.) and their degradation
kinetics. Food Research International, 50, 691-697.

Imoto, K., Takahashi, K., Yamaguchi, T., Komura, T., Nakamura, J,, and Murata, K
(2003) Fligh-performance carbon counter electrode for dye-sensitized solar cells,
Solar Energy Materials & Solar Cells, 79, 459169,

Jarernboon, ., Pimanpang, ., Maensiri, ., Swatsitang, E., and Amornkithamrung, V.
(2009) Optimization of titanium dioxide film prepared by electrophoretic
deposition for dye-sensitized solar cell application. Thin Solid Films, 517, 4663-
4667,

Jin, 2., Xu, C.Yang, c., Guo, j., Sheng, . and Chen, X. (2013) First Principle
Calculation of Polar and Nonpolar Molecule Adsorption on ZnO (0001) and
(1010) Surface. Nanoscience and Nanotechnology Letters, 5(2), 110-115.



82

Joshi, p., Zhang, L.F., Chen, Q.L., Galipeau, D., Fong, H., and Qiao, Q.Q. (2010)
Electrospun carbon nanofibers as low-cost counter electrode for dye-sensitized
solar cells. Appiled Materials & interfaces, 2(12), 3572-3577.

Jun, B. (2012) Preparation ofZnQ thin film by electrophoretic deposition (EPD). Journal
of the Korean Ceramic Society, 49(1), 78-83.

Kebede, z., and Lindquist, S-E. (1999) Donor-acceptor interaction between non-
aqueous solvents and L to generate E', and its implication in dye sensitized solar
cells. Solar Energy Materials & Solar Cells, 57, 259-275.

Kim, SR, Parvez, M.K., and Chhowalla, M. (2009) UV-reduction of graphene oxide
and its application as an interfacial layer to recuce the back-transport reactions in
dye sensitized solar cells. Chemical Physics Letters. 483, 124-127.

Kumar, C.M., and Veerabasappa, T.G. (2010) Sunflower (Helianthus animus L.) petals:
A new hiological source of Lutein. Research Journal of Pharmaceutical,
Biological and Chemical Sciences, 1(4), 438-448.

Lan, YW, Zhou, LY. Tong, ZF., Pang, Q, Wang, F, and Gong, F.z. (2011)
Synthesis and characterization of polythiophene-modified TiC» nanotube arrays.
Bulletin of Materials Science, 34(6), 1173-1177.

Lee, DK, Cho, D.FI, Lee, JH. and Shin, H.Y. (2008) Fabrication of nontoxic natural
dye from sappan wood. Korean Journal of Chemical Engineering, 25(2), 354-
358,

Lee, WJ, Roll, SJ, Hyung, KH, Park, J.Y. Lee, SH, and Han, SH. (2009)
Photoelectrochemically  polymerized  polythiophene layers on  ruthenium
photosensitizers in dye-sensitized solar cells and their beneficial effects. Solar
energy, 83, 690-695.

Lee, W.J., Ramasamy, E., Lee, D.Y., and Song, 4.s. (2009) Efficient dye-sensitized solar
cells with catalytic multiwall carbon nanotube counter electrodes. Appiled
Materials & interfaces, 1(6), 1145-1149.



Li,PJ, , JH., Huang, M.L, Hao, S.C, Lan, Z, Li, QH., and Kang, S.J. (2007)

The application of P(MMA-co-MAA)/PEG polyblend gel electrolyte in quasi-
solid state aye-sensitized solar cell at higher temperature. Electrochimica Acta,
53, 903-908.

Li, Y., K, and Zhitomirsky, 1. (2010) Electrodeposition of composite zinc oxide-
chitosan films. Colloids and Surfaces A: Physicochemical and Engineering
Aspects, 356, 63-70.

Liao, J.Y., and Ho, K.c. (2005) A photovoltaic cell incorporating a dye-sensitized
ZnSIZn0 composite thin film and a hole injecting PEDOT layer. Solar Energy
Materials and Solar Cells, 86, 229-241.

Lim, I, Yoon, SJ., Lee, W.J., Nah, Y.C., Shrestha, N.K., Ahn, HK., and Han, SH.
(2012) Interfacially Treated Dye-Sensitized Solar Cell with in Situ
Photopolymerized lodine Doped Polythiophene. ACS Applied Materials &
Interfaces, 4, 838“841

Kalyanasundaram, K., and Gratzel, M. (1998) Applications of functionalized transition
metal complexes in photonic and optoelectronic devices. Coordination Chemistry
Reviews, 77, 347-414.

Machewad, G.M., Ghatge, P., Chappalwar, V., Jadhav, B. and Chappalwar, A (2012)
Studies on Extraction of Safflower Pigments and its Utilization in Ice Cream.
Journal of Food Processing and Technology, 3(8), 172-174.

Matsumura, M., Matsudaira, ., and Tsubomura, H. (1980) Dye sensitization and surface
structures of semiconductor electrodes. Industrial and Engingering Chemistry
Product Research and Development, 19(3), 415-421.

Mane, RS, Lee, .J, Pathan, HM., and Han, S-H. (2005) Nanocrystalling TiCL/ZnO
thin films: fabrication and application to dye-sensitized solar cells. Journal of
Physical Chemistry B, 109, 24254-24259,

Miao, L.J., Cai, ., and Xiao, ZY. (2010) Preparation and characterization of
nanostructured ZnO thin film by electrophoretic deposition from ZnO colloidal
suspensions. Journal of Alloys and Compounds, 490, 422426,



84

Murugiah, M., Hashim, J., Nirmal, ., and Yuhazri, M.Y. (2012) Synthesis and
fabrication of an effectual dye sensitized solar cell. Global Engineers &
Technologists Review, 2(3), 9-15.

Narayan, M.R. (2012) Dye sensitized solar cells based on natural photosensitizers.
Renewable and Sustainable Energy Reviews, 16,208-215.

Nazeeruddin, M. K., Kay, A., Rodicio, 1., Humpbry-Baker, R., Minier, E., Liska, p.,
Vlachapoulos, N., and Gratzel, M. (1993) Conversion of light to electricity by cis
X2Bis(2,2,-bipyridyl-4,4-dicarboxylate)ruthenium(l1) charge-transfer sensitizers
(X=cr, B r, CN', and SCN') on nanocrystalline Ti02 electrodes. Journal of
the American Chemical Society. 115(14), 6382-6390.

Nazeeruddin, M.K., Pechy, P., Renouard, T., Zakeeruddin, S.M., Humphry-Baker, R,
Comte, p., Liska, P., Cevey, L., Costa, E., Shklover, V., Spiccia, L., Deacon,
GB., Bignozzi, CA, and Gratzel, M. (2001) Engineering of efficient
panchromatic sensitizers for nanocrystalline TICE-based solar cells. Journal of
the American Chemical Society, 123, 1613-1624,

Nelson J. (2004) The Physics of Solar Cells. London: Imperical College Press.

Nwanya, A. ¢., Ezema, F. 1. and Ejikeme, p. M. (2011) Dyed sensitized solar cells: A
technically and economically alternative concept to p-njunction photovoltaic
devices. International Journal of the Physical Sciences, 6, 22, 5190-5201

Oftadeh, M., Aghtar, A,, Esfahani, M.N,, Salavati, M.N., and Mir, N. (2012) Fabrication
of highly efficient aye-sensitized solar cell and C02 reduction photocatalyst
using Ti02 nanoparticles prepare by spin coating-assisted sol-gel method.
Journal of the Iranian Chemical Society, 9(2). 143-149.

O’Regan, B., and Gratzel, M. (1991) A low-cost, high efficiency solar cell bases on dye-
sensitized collidal Ti02 films. Nature. 335, 737-740.

Pfleger, J., Pavlik, M., Hebestreit, N., and Plieth, . (2004) Photosensitive layers of
Ti02/Polythiophene composites prepared by electrodeposition, Macromolecular
Symposia. 212, 539-548.



85

Qin, z., Huang, Y.H., Qi, JJ., Li, HF., ,J, and Zhang, Y. (2012) Facile synthesis and
photoelectrochemical performance of the bush-like ZnO nanosheets film. Solid
State Sciences, 14, 155-158.

Redmond, G., and Fitzmaurice, D. (1994) Visible light sensitization by cis- bis
(thiocyanato) his (2,2 bipyridyl-4,4 dicarboxylato)ruthenium(ll) of a
transparent nanocrystalling ZnO film prepared by sol-gel techniques. Chemistry
of Materials, 6(5), 686-691.

Rensmo, H,, Keis, K., Lindstrom, H., Sodergren, ., Solorand, A, Hagfelct, A,
Lindquist, S-E., Wang, L. N., and Muhammed, M. (1997) High light-to-energy
conversion efficiencies for solar cells based on nanostructured ZnO electrodes.
Journal of Physical Chemistry B, 101(14), 2598-2601.

Saito, M., and Fujihara, H. (2008) Large photocurrent generation in dye-sensitized ZnO
solar cells. Energy & Environmental Science, 1, 280-283.

Saito, M., and Fujihara, H. (2009) Fabrication and photovoltaic properties of dye-
sensitized ZnO thick films by a facile doctor-blade printing method using
nanocrystalline pastes. Journal of the Ceramic Society of Japan, 117(7), 823-827.

Sari, B., Talu, M., Yildirim, F. and Kurs, E.B. (2003) Synthesis and characterization of
polyurethane/polythiophene conducting copolymer by electrochemical method,
Applied Surface Science, 205, 27-38.

Tan, S.X., Zhai, J., Fang, HJ., Jiu, T.G., Ge, J., Li, Y.L, Jiang, L., and Zhu, D.B. (2005)
Novel carboxylated oligothiophene sensitizer photoelectric conversion systems.
Chemistry - A European Journal, 11,6272-6276.

Thambidurai, M., Muthukumarasamy, N., Velauthapillai, D., Arul, N.S., Agilan, ., and
Balasundaraprabhu, R (2011) Dye-sensitized ZnO nanorod  based
photoelectrochemical solar cells with natural dyes extracted from Ixora coccinea,
Mulberry and Beetroot. Journal of Materials Science: Materials in Electronics,
22, 1662-1666.



86

Tributsch, H., and Gerischer, H. (1969) The use of semiconductor electrodes in the
study of photochemical reactions. Berichte der Bunsen-Gesellschaft fur
Physikalische Chemie, 73, 850- 854.

Uzun, O., Basman, N., Alkan, c., Kolemen, . and Yilmaz, F. (2010) Depth sensing
inceentation analysis of electrochemically synthesized polythiophene. Materials
Chemistry and Physics, 124, 196-202.

Valaski, R, Canestraro, C.D., Micaron, L., Mello, RM.Q., and Roman, L.s. (2007)
Organic photovoltaic devices based on polythiophene films electrodeposited on
FTO substrates. Solar Energy Materials & Solar Cells, 91, 684-688.

Valaski, R, Yamamoto, N.A.D., Canestraro, C.D., Micaroni, L., Mello, R.M.Q,
Quirino, W.G., Legani, c., Acheté, C.A., Roman, L.s. and Cremona, M. (2010)
Polythiophene thin films electrochemically deposited on sol-gel hased Ti02 for
photovoltaic applications, Thin Solid Films, 519, 1511-1515.

Wang, ZS., Kawauchi, FF, Kashima, T., and Arakawa, H. (2004) Significant influence
of TiO: photoelectrode morphology on the energy conversion efficiency ofN719
dye-sensitized solar cell. Coordination Chemistry Reviews. 248, 1381-1389.

Wongchareea, K., Meeyooa, V., and Chavadej, . (2007) Dye-sensitized solar cell using
natural dyes extracted from rosella and blue pea flowers. Solar Energy Materials
& Solar Cells. 91. 566-571.

Yanagida, ., Senadeera, GKR., Nakamura, K., and Kitamura, T. (2004)
Polythiophene-sensitized TiOj solar cells. Journal of Photochemistry and
Photobiologv A: Chemistry, 166, 75-80.

Yin, X, Liu, X, Wang, L, and Liu, B. (2010) Electrophoretic deposition ofZnO
photoanode  for plastic ~ dye-sensitized solar cells. ~ Electrochemistry
Communications, 12, 1241-1244,

Yum, JH, Kim, . ., Kim, D.Y., and Sung, Y.E. (2005) Electrophoretically deposited
TICL photo-electrodes for use in flexible dye-sensitized solar cells. Journal of
Photochemistry and Photobiology A: Chemistry. 173, 1-6.



87

Zhang, Q.F., Dandeneau, C.S., Zhou, ZY., and Cao, G.z. (2009) ZnO nanostructures for
dye-sensitized solar cells. Advanced Materials, 21,4087-4108.

Zhang, R, Pan, J., Briggs, EP., Thrash, M, and Ker, LL. (2008) Studies on the
adsorption of RuN3 dye on sheet-like nanostructured porous ZnO films. Solar
Energy Materials & Solar Cells, 92, 42543 1



APPENDICES

Appendix A Extinction coefficient of natural dyes

Calibration curve of sappan wood dye
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Calibration curve of noni leaves dye
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Figure Al Calibration curve of natural dyes; sappan wood (a), safflower (b), black
(c), noni leaves (d) and sunflower (g).

Table AL Extinction coefficient of natural dyes

Natural dyes Extinction coefficient (L g-cm'™)
Sappan wood 3.303

Safflower 3848

Black rice 0.819

Noni leaves 3147

Sunflower 12.923
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From the Beer-Lambert Law relationship for absorbance of light;
A=eel

Where A = absorbance
= extinction coefficient (L gr1cm')
¢ = concentration of the dye (g/L)
1= path length ofthe cell, which is normally 1cm
The data of concentration and absorbance at a particular wavelength are used to
draw the calibration curve as shown in figure 6.3. The slope of the curve is the
extinction coefficient for each of the natural dyes.
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Appendix B EDX of ZnO + polythiophene

Sample: 0.1 M Thiophene 0.2 M LiC10« 1min
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Figure BL FE-SEM image and EDX speétrdrﬁ of the hybrid of ZnO and polythiophene.
Table BL EDX data of of the hybrid of ZnO and polythiophene.

Element

0K
SI K

K
Cl K
InL

L
Totals

Weight% Atomic%
14.52 43.15
0.78 132
0.19 0.28
0.04 0.05
65.40 47.56
19.06 1.64

100.00
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Sample: 0.1M Th 0.2M UCIQ. 2 min
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Figure B2 FE-SEM image and EDX spectrum of the hybrid 0fZnO and polythiophene.
Table B2 EDX data of of the hybrid ofZnQ and polythiophene.

Element Weight% Atomic%
cK 0.13 -0.52
0K 14,37 43.22
Al'K 0.24 0.43
SiK 0.72 123

K 0.23 0.3
CIK 0.11 0.14
InL 63.21 4653

L 21.26 8.62

Totals 100.00
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Sample: 0.1IM Th 0.2M LiC104 5 min

Figure B3 FE-SEM image and EDX spectum ofthe hybrid of ZnO and polythiophene.
Table B3 EDX data of of the hybrid of ZnQ and polythiophene.

Element Weight% Atomic%
c K -0.10 041
0K 14.36 43.69
SiK 0.56 0.97

K 0.37 0.57
ClK 0.05 0.07
nlL 60.79 45.28

L 2397 9.83

Totals 100.00
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Sample: 0.2M Th 0.2M LiCIC L min
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Figure B4 FE-SEM image and EDX spectrum of the hybrid ofZnQ and polythiophene.
Table B4 EDX data of of the hybrid 0fZnO and polythiophene.

Element Weight% Atomic%
0K 14.87 43.92
SiK 0.63 1.06

K 0.23 0.34
Cl K 0.13 0.17
L 64.65 46.74
L 19.50 1.76

Totals 100.00
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Sample: 0.3M Th 0.2M LiC10. Lmin
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Figure B5 FE-SEM image and EDX spectrum of the hybrid of ZnO and polythiophene.
Table B5 EDX data of of the hybrid of ZnO and polvthiophene.

Element Weight% Atomic%
CK 4.3 1291
0K 1619 3%.12
SiK 091 115
SK 883 9.83
CK 631 6.3
ZnL 59.34 3240

L 407 123

Totals 100.00
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Sample: 0.1 M Th 0.2 M LiCICU | min (EPD)
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Figure Bs FE-SEM image and EDX speétrum of the hybrid onnOahd polythiophene.
Table Bs EDX data of of the hybrid of ZnO and polythiophene.

Element Weight% Atomic%
CK 002 0.10
0K 1448 4310
SIK 0.17 130
SK 0.20 0.29
K 0.04 005
InL 6493 4731

L 1957 18

Totals 100.00



Appendix C BET data of the ZnO film with various conditions.
Table Cl BET data of the ZnO film with various voltages.

Conditions Surface area (m2/g)  Pore volume (cc/g) ~ Pore size (AQ)

15V 5min 6.1/ 0.0302 195.6
18V 5 min 92.19 0.1543 109.8
21V 5min 50.64 0.1247 98.53
24V 5min 106.3 0.1904 7165

Table C2 BET data of the ZnO film with various deposition times.

Conditions Surface area ( rV)  Pore volume (cc/g) ~ Pore size (AQ)

15V 5 min 6.1/ 0.0302 195.6
15V 10 min 31.28 0.12/0 162.3
15V 15 min 29.35 0.1159 1581

15V 20 min 29.31 0.1671 221.6
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