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Charge Recombination in Dye—sensitized Solar Cells with Low Adsorbed
Concentration of Dye
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Abstract Photovoltaic conversion performances of dye-sensitized solar cells (DSCs) are significantly influenced by the
interface charge recombination in DSCs. Lots of factors affecting the charge recombination, such as surface states of TiO,
and components of electrolytes, have been studied and dyes have been always ignored for the charge recombination in DSCs.
Although the charge recombination occurring between the injection electrons and triiodide in electrolyte is calculated to take
priority kinetically to the one between the injection electrons and oxidized dye molecules, dyes are not independent from the
electrolyte related electron recombination. Instead by dye molecules themselves, the chance of injection electrons recaptured
by triiodide in electrolyte could rise due to the increase of the adsorbed concentration of dye, which leads to the local concen-
tration of triiodide increasing. In this paper, an effect of low charge recombination in DSCs with low adsorbed concentration
of dye is observed. The adsorbed concentration of dye is defined as the adsorbed amount of dye in unit specific surface area
of TiO, films and adjusted by adsorbing similar amount of dye on the surface of TiO, films with different film thickness. The
influence of the adsorbed concentration of dye on the charge recombination in DSC is investigated by the electrochemical
impedance spectroscopy (EIS) technology. It turns out that with the adsorbed concentration of dye decreasing, the electron
lift time within TiO, film and the interface resistance of TiO,/electrolyte increase significantly, which indicates the charge
recombination in DSC decrease. Owing to this effect, with the TiO, film thickness increasing from about 2 um to 18 pum, the
cells keep the fill factor (ff) as high as 0.72~0.80. And the energy conversion efficiency loss, which resulted from the in-
crease of the active area of TiO, photoanode from 0.25 em?® to 1 em?, decreased from 34.7% to 19.6%.

Keywords titanium dioxide; adsorbed concentration of dye; dye-sensitized solar cell; charge recombination; electrochemi-
cal impedance spectroscopy (EIS)
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Figure 1 FE-SEM image (a) and XRD pattern of the TiO, film (b)
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Figure 2 Adsorbed concentration of dye obtained by adsorbing similar
amount of dye on the surface of TiO, films with different film thickness
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Figure 4 Impedance spectra (Nyquist plots (a) and Bode phase plots
(b)) of the DSCs with different adsorbed concentration of dye

http://sioc-journal.cn 195



W F F R

MR

£ 1 DSCOGHMR TR H AL 22 B BT i
Table 1 EIS data of the DSC with different adsorbed concentration of

dye

%’%*4”& Mt TiO, R %ﬂé”& g Dz/ Re/Q fou/Hz o/ms

KE Gy JEJE /um (10 ° molecm )
0.95 2.78 0.96 237 94 1.66
0.56 4.40 1.47 167 115 1.39
0.54 6.03 1.99 197 146 1.09
0.49 7.12 2.04 129 115 1.39
0.37 10.08 2.10 146 146 1.09
0.31 11.97 2.24 227 115 139
0.28 12.98 233 1159  70.6 225
0.22 17.01 2.39 2490 555 2.87
0.18 18.07 2.45 4869 43.6 3.66
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Table 2 Energy conversion performance data of the DSCs (The data in
parentheses are for D,, The TiO, film area is 0.25 cmz)

D (D)/(10°% YR FY  Lo/(mAe

moleem ) WKE Gy cm %) Vo/mV 7 0%

0.96(1.01)  0.95(1) 2.73(3.51) 784(767) 0.72(0.72) 1.54(1.94)
1472.63)  0.56(1) 5.30(6.43) 784(784) 0.75(0.73) 3.12(3.68)
1.993.67)  0.54(1) 6.00(8.54) 777(757) 0.77(0.69) 3.59(4.46)
204(4.12)  049(1) 5.11(9.19) 765(774) 0.76(0.64) 2.97(4.55)
210(5.63)  037(1) 4.17(9.79) 765(784) 0.78(0.65) 2.49(4.99)
224(7.13)  031(1) 3.64(10.51) 763(751) 0.79(0.66) 2.19(5.21)
2.33(8.06) 0.28(1) 2.32(10.75) 740(736) 0.80(0.60) 1.37(4.75)
239(11.06)  022(1) 1.58(10.74) 724(720) 0.78(0.60) 0.89(4.64)
2.45(12.96) 0.18(1) 1.03(9.41) 720(714) 0.78(0.60) 0.58(4.03)
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Table 3 Energy conversion performance loss of DSC

YORI BR A I loss Vo loss ffloss # loss

SO N LS 52% 1.54%  30% 34.7%
Co=0.24 PRI PH A i 13.9% 1.01% 52% 19.6%

FANHE T 025 cm® B9 K4 1 em?, 23 S8 fe KB W
B UL RLRT Co=0.24 [RGB BHR R BTl 431 DSC
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FE(Voe) 00 RAH 5 78 IR F (0 B8 B S /b o 1% O i
Tt (Lse) [ 453 2R AT T 38 05 5 06 vl 46 230 26 () B 2Kt
34. 7% /> £ 19.6%.

M S 3BT LA H, A TiO, 5 5 S A ] 1 G e
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PIREORFFR TR N 75 AE TR ORI, e b stk
AEB R K.
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