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Design of Photoanodes with TiO, Bulb Scattering Center and Their
Application in Dye Sensitized Solar Cells

YANG Ya-Hui*' LU Yu-Xia®> LI Hang' ZHAN Fa-Qi
('College of Resources and Environment, Hunan A gricultural University, Changsha 410128)
(2School of Chemisiry and Chemical Engineering, Central South University, Changsha 410083)

Abstract: The thorny TiO, (NT) is synthesized as light scattering centers, which is then mixed with nanocrystalline
TiO, as the upper layer and P25 film as the dye-absorbing layer located at the bottom. In this approach, the
photoanode film with a mixed scattering layer is prepared. The effect of NT addition on film properties is
explored. The results show that when the mass ratio of NT powder is 35%, the highest efficiency (7.38%) was
obtained, with photocurrent density 14.30 mA -cm 2. When NT addition increased to 50% , the conversion
efficiency of the DSSC declines to 5.99%, meanwhile the dye adsorption decreases from 73.2 pmol -cm™ to 70.1
pmol -em™. This demonstrates that excessive addition of the NT leads to a greater reduction of the surface area of
the photoanode which affects the dye adsorption. Moreover, large particles will cause further unnecessary reverse

scattering, only the moderate scattering centers can generate the optimum solar cell device.
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Fig.3 XRD patterns of 3D thorny TiO,(NT) and P25/NT
hybrid films
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Fig.4 SEM images of various photoanode films: (a) P25, (b) P25 (cross-sectional image), (c¢) P25+35% NT,

(d) P25+35% NT (cross-sectional image)

&l 4(a)h P25 G TR, NIE TR AT LA
P25 [R5 % | & 4(b)h P25 R Ul THI A
A T AT DL R R ~15.86 pum , B 4(c) B ITA
35%(who) FIER Ti0, JFHA A TS0 | DA & HhmT DL BH
WA E R BR Tio, BIAAAE , JF HAfllEk 3w T — 290
K Ti0, WORL, 32 TiCL, AR FS ROR  1# 4(d) R E
A(c)M VTP | AT LAAS BSR4 0T 16
2.3 FEFEREEH SRR

ONIE S OB SR PORE Y Bl
fR R ], D3 T R A 5 A AT DL i SRS Il 5
JIE 7 Ry 45 T R B AR 14 98 2 5 S5 1L 43 0l A Jo
IR A L (Ti0, B3R . P25)°H 20% 35% Fil 50% il 1 1
JGRHML, DAKORT L 8 AR A8 I A B BORL (9 46 P25
SRR, X T P25 G BHAR I T EUR UKL 4
BHB JFE S S 38 A — o B, D6 Tio, IR B A
— 8 W G AE | iy EL VS it 8K Ol 0 Ak R
- NEH AT LU H 450~700 nm U FEIA @0 T
50% 1) NT 195t B Al H: B 5 58 3 3t ok 1 H & 06 B

e, Tl 6 Sy W BT ettt PH AR JHE RS 1) 5 A0 1T DL I i
G E , IWEIR AT LR B BN T Tio, 4Bkt s
L 1 5 BE AR () 1 0 3 E0FE 400~700 nm 18 LA 5
T A VR NS R 1 S BE AR, E— 2B E B TiO, di Bk
L BB A — o WG ZOR | I Tio, FIBRES bt

80

—P25

70+ — — P25+50% NT
- P25+35% NT

—-—P25+20% NT

Reflentance / %

400 500 600 700
Wavelength / nm

Pl 5 o A T S A R
Fig.5 Diffuse-reflectance spectra of all the as-prepared

films



1806 Jd Hl fk

#o% 4R

2 55 32 &

AR [t 2 3 BORMCR 9 22 51 24 TiO, RIER I AR
Jot i L5 R 359, X6 it A R e 8 (B e R, 158 Y G
Xt FEL YL Y HL B 4 B B I R K

2.0

—— P25
— — P25+20% NT
- P25+35% NT
=== P25+50% NT
1.5
8
5 .
e CLSEE
=] .t &
@ A PR
< e 8
104\ L aa® Thy L
o o o . Sy S0
S~
1
0.5 T T T
400 500 600 700
Wavelength / nm

K6 AR ZE N719 JLRHECL IS i Ot 1
Fig.6  Absorption spectra of all the as-prepared films
after sensitized with dye N719
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Fig.7 J-V curves of DSSCs based on P25 and P25/NT
hybrid films
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Fig.8 EIS spectra of DSSCs based on P25 films and
P25/NT hybrid films

F1 TEBBHEEEESE (. Ve FF . AR F B R 2) Y L]
Table 1 Comparison of J,, V,, FF, 1, and dye loading amount for DSSCs

Cells Lo/ (mA-cem?) Vol V FF 1% Dye-uptake / (pmol - cm®)
P25 8.82 0.772 0.67 456 80.2

P25+209% NT 10.60 0.763 0.60 487 79.8

P25+35% NT 14.30 0.772 0.67 738 732

P25+50% NT 1247 0.763 0.63 5.99 70.1
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Fig.9 Equivalent circuit of DSSC
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Table 2 Fitting results derived from EIS analysis

Cells R./Q R/ Rl Q
P25 30.78 52.84 21.38
P25+20% NT 29.15 59.61 32.87
P25+35% NT 29.54 52.44 34.65
P25+50% NT 29.75 50.35 2293
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Fig.10 IPCE spectra of DSSCs based on P25 films and
P25/NT hybrid films
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