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Hybrid Photoanodes Based on Nanoporous Lithium Titanate Nanostructures in
Dye-sensitized Solar Cells
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Abstract: Li,TisO;, with nanoporous feature and good conductivity was used to enhance the photoelectrochemical
performance of traditional nanocrystalline TiO, photoanodes in Dye-sensitized Solar Cells (DSSC). Using tetrabutyl
titanate and lithium hydroxide as raw materials, the spinel Li,TisO;, was obtained from common Sol-Gel, solveth-
ermal and annealing processes. The dependence of the crystallinity, morphology and pore structure of the Li,TisO,
powders on the annealing temperature were investigated. Li,TisO,,-TiO, hybrid photoanodes were prepared by the
doctor-blade method using the slurry of TiO, nanocrystallite which was blended with Li,TisO;, powders. The effects
of the mass ratio of Li TisO;, to TiO,, the crystallinity and the porous structure of Li,TisO;, powders on the perform-
ance of DSSC were examined. Results show that with the annealing temperature increasing, the crystallinity of the
LisTisO;, powders is enhanced, the crystallite size increased obviously, and the specific surface area decreased dra-
matically. The LisTisO,,-TiO, hybrid photoanodes exhibit higher dye-loading capacity and lower resistance at
TiO,/dye/electrolyte interface than does the pure TiO, counterpart, accompanied by higher J,. (J,.=13.91 mA/cmz)
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and V,(V,.=0.8 V) values than by the TiO, photoanode. The highest conversion efficiency (7.011%) is achieved by 1wt%

Li,Ti50,, hybrid cell, which is 30% higher than by the TiO, nanocrystallite counterpart (5.384%).
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(a) 500°C; (b) 600°C; (c) 700°C

XRD patterns of LTO samples after heat-treatment at
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Fig. 2 SEM images of LTO powders after heat-treatment at different temperatures
(a, b) 500°C; (c, d) 600°C; (e, f) 700°C
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Fig. 3 Pore size distribution curves for LTO powders after
heat-treatment at different temperatures
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Fig. 4 Surface morphology of TiO, photoanodes (a) and surface (b) and cross-section (¢) morphologies of LTO-TiO, hybrid
photoanodes
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Fig. 5 (a) Transmission spectra of Swt%LTO-TiO, hybrid photoanodes after heat-treatment at different temperatures and (b) hybrid
photoanodes with different LTO-TiO, ratios after heat-treatment at 700°C
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Fig. 7 J-V curves of DSSC devices based on LTO-TiO, hybrid
photoanodes
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Tablel Photovoltaic properties of LTO-TiO, DSSC

Ratio Vool V Joo/(mAscm™?) FF 0% R/Q 7/ms
TiO, 0.659 11.854 0.688 5.384 92.72 4.24
0.5wt%LTO-TiO, 0.759 11.323 0.645 5.547 42.36 4.24
1wt%LTO-TiO, 0.797 13.909 0.635 7.011 43.48 5.06
2wt%LTO-TiO, 0.764 12.873 0.633 6.246 41.44 5.06
Swt%LTO-TiO, 0.718 10.223 0.657 4.818 89.71 7.51
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Fig. 8 Electrochemical impedance spectra of different LTO-TiO, DSSC
(a) Nyquist plots; (b) Bode plots



1042

F LM R 3

it 30 %

K] 8(b) A AR B2 A DG BH A 1) Bode K], it
rFBGE [ 00 A T 0T I PR A 24 ] AP 575 21 5 BH B
L7 A 200 TiO, YEBH AR P IR 7 A5 iy A 4.24 ms,
700°CHALBEF) LTO E A 0.5wt% 1wt%- 2wt%-
Swi%lK 55 G AR N L T ZEdr 2 i o 4.24.5.06.
5.06 #17.51 ms, RWIBHA LTO M, HFAariy
Ko Ui LTO 5 TiO, MR -A XL T GRHAR T 1 Ha 1A%
i, (EYCBHAR B LTO R T 6BHA e i
lZp
3 4t

R s T — ek Jie 5 VS R0 A s N &5 5 T ik, AR
B2 DY T B AN LiOH Ay il £ 15 2 A 2 £L45# LTO
KR, W5 R I e AR Ak 3L S R R & R
fm R ARG, () I B0AL B 8 R L 3 T R A

BT LTO WAL Tio2 442K i 052 A 6 FH AR FL
Jth AT LAl TiO2 Ha it BE 4 (RO LR ek e, LT %%
F, s 6 % F A i, 1wit%LTO 45 4% (1) it B A7 o
ERDG R, Lhal TIO2 #2517 30%, HLE)
T 2 B 52 S BHAR B /) (1) ¢ i HBEL LA B SR v
T 75 i G R R AR R R AR AR S A

2 % 3k

[11 LAN Z, WU J H, LIN J M, et al. Controllable hydrothermal syn-
thesis of nanocrystal TiO, particles and their use in dye-sensitized
solar cells. Sci. China Chem., 2012, 55(7): 1308-1313.

[2] ZHU F, WU DP, LI Q, et al. Hierarchical TiO, microspheres: syn-
thesis, structural control and their applications in dye-sensitized
solar cells. Rsc Advances, 2012, 2(31): 11629-11637.

[3] YANG WG, WAN FR, CHEN 8, et al. Hydrothermal growth and
application of ZnO nanowire films with ZnO and TiO, buffer lay-
ers in dye-sensitized solar cells. Nanoscale Research Letters A,
2009, 4(12):1486-1492.

[4] LEE W J, RAMA S, LEE DY, et al. Efficient dye-sensitized cells
with catalytic multiwall carbon nanotube counter electrodes. ACS
Applied Materials and Interfaces, 2009, 1(6): 1145-1149.

[5] SUN S, GAO L, LIU L, et al. Enhanced dye-sensitized solar cell
using graphene-TiO, photoanode prepared by heterogeneous co-
agulation. Applied Physics Letters, 2010, 96(8): 0831131-
0831132.

[6] ZHANG S F XU D Y, NUMATA YOUHE]I, ez al. Highly efficient

dye-sensitized solar cells: progress and future challenges. Energy

Environ. Sci., 2013, 6(5): 1443-1464.

(7]

(8]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

QI FZ, UCHAKER, EVAN C, et al, Nanomaterials for energy
conversion and storage. Chem. Soc. Rev., 2013, 42(7): 3127-3171.
PHADKE S, PASQUIER AD, DUNBAR P, et al. Enhanced elec-
tron transport through template-derived pore channels in dyesen-
stized solar cells. J. Phys. Chem. C, 2011, 115(37): 18342-18347.
GU Z Y, GAO X D, LI X M, et al, Hierarchically structured
nanocrystalline photoanode: self-assembled bi-functional TiO, to-
wards enhanced photovoltaic performance. Nano Energy, 2014, 8:
247-254.

ZHONG M, SHI J, ZHANG W, et al. Charge recombination reduc-
tion in dye-sensitized solar cells by depositing ultrapure TiO,
nanoparticles on “inert” BaTiO; films. Materials Science and En-
gineering B, 2011, 176(14): 1115-1122.

HAO Y, LAI Q, XU Z, et al. Synthesis by TEA Sol-Gel method
and electrochemical properties of LisTisOy, anode material for
lithium-ion battery. Solid State Ionics , 2005, 176(13): 1201-1206.
YAN G, FANG H, ZHAO H, et al. Ball milling-assisted Sol-Gel
route to Li,TisO, and its electrochemical properties. Journal of
Alloys and Compounds, 2009, 470(1): 544-547.

YIN SY, SONG L, WANG XY, et al. Synthesis of spinel LisTisO;,
anode material by a modified rheological phase reaction. Electro-
chim Acta, 2009, 54(24): 5629-5633.

CHENG L, YAN J, ZHU G N, et al. General synthesis of carbon-
coated nanostructure LisTisO1; as a high rate electrode material for
Li-ionintercalation. J. Mater. Chem., 2010, 20(3): 595—602.
SEIGO ITO, TAKUROU N, MURAKAMI, et al. Fabrication of
thin film dye sensitized solar cells with solar to electric power
conversion efficiency over 10%. Thin Solid Films, 2008, 516(14):
4613-4619.

NATU GAYATRI, HUANG Z J, Ji Z Q, et al. The effect of ana-
tomically deposited layer of alumina on NiO in P-type dye sensi-
tized solar cells. Langmuir, 2012, 28(1): 950-956.

HAN L Y, KOIDE NAOKI, CHIBA YASUO, et al. Modeling of
anequivalent circuit for dye-sensitized solar cells: improvement
ofefficiency of dye-sensitized solar cells by reducing internal re-
sistance. Comptes Rendus Chimie, 2006, 9(5): 645-651.

CHEN Y H, HUANG K C, CHEN J G, et al. Titanium flexible
photoanode consisting of an array of TiO, nanotubes filled with a
nano composite of TiO, and graphite for dye-sensitized solar cells.
Electrochimica Acta, 2011, 56(23): 7999-8004.

CHEN Q W, XU D S. Large scale, noncurling, and free-standing
crystallized TiO, nanotube arrays for dye-sensitized solar cells.
Journal of Physical Chemistry C, 2009, 113(15): 6310-6314.
FRANCISCO, FABREGAT S, BISQUER I, et al. Influence of
electrolyte in transport and recombination in dye-sensitized solar
cells studied by impedance spectroscopy. Solar Energy Materials
and Solar Cells, 2005, 87(1): 117-131.



