5 48 4558 10 ] R R % Vol. 48, No. 10
2020 4 10 /1 JOURNAL OF THE CHINESE CERAMIC SOCIETY October, 2020

http://www.gxyb.cbpt.cnki.net DOI: 10.14062/j.issn.0454-5648.20200007

TiO, 90K v 51 il 2 v oAc ik B FEAE A3 4K K BH B Fi it o #g B

B OF, £ B EHEE, NEE
(LR K= BE, KT 050018)

# E: EKREERBAENS T REEEFTO glass) LIl 1 TiO, 4K A (TNS)FEF . AFH = KM A4 D2 Xt
FTO/TNS HHATRTM AL EE, FE R 7 B . X R ERATHA SAM T WO . BRI, TEns . H s
FHLI 2 S —HE R (J- V) DR A . E A 2 BB ) B AR (T 5 A T3 SR TR T LA R fE s ()06 LR PR BRAT T 3R AE, R IR T et T
ARG S TN B A AR o Bl AR W] TiO, M St J5 SRk P Mgk PR AL o ik 27 B0 A
FW: TiO, FETHT LM 5 F 1 14 52 4 FRLBELAN B 1 75 i 4059 £R R 1K) 866.8 Q-em?® AT 48.1 s K4 932.2 Q-em® il 127.1 ps. J-V
Mgkl SRS b AHEL, oo it R AL #0803l AR 1 0.20%42 =13 1.52%.

[=] &N -::_

KRR TAALBRGOK s Rt AebORFABE R DGR R
FESES: 064  XHiRER: A XEHS: 0454-5648(2020)10-1559-08
W 4% AR AT i8] : 2020-07-13

Surface Modification of TiO; Nanosheet Array and Its Application in Hybrid Solar Cells

ZHAO Xue, PEI Juan, HUANG Xueting, HAO Yanzhong
(College of Sciences, Hebei University of Science and Technology, Shijiazhuang 050018, China)

Abstract: TiO, nanosheets (TNS) were prepared on fluorine-doped tin oxide (FTO) glass via hydrothermal reaction, and
triphenylamine complex D2 was used to modify the TNS array. The microstructure and photoelectric conversion performance of
hybrid solar cells were characterized by scanning electronic microscopy, X-ray diffraction, ultraviolet-visible spectroscopy, transient
photocurrent spectroscopy, photoluminnescence spectroscopy, contact angle measurement, current density—voltage (J-V) test, and
electrochemical impedance spectroscopy. The results show that triphenylamine complex D2 improves the chemical compatibility
between organic polymers and inorganic materials. According to the results by contact angle measurement, the surface of TiO,
particles changes from hydrophilic to hydrophobic after modification. The results by electrochemical impedance spectroscopy
indicate that the recombination resistance and electronic lifetime of the cell device after modified on the surface of TiO, particles
increase from 866.8 Q-cm” and 48.1 ps to 932.2 Q-cm?” and 127.1 ps, respectively. In the TNS-based hybrid solar cell, the photoelectric
conversion efficiency of the modified cell improves from 0.20% to 1.52%, compared to that of the unmodified device.

Keywords: titanium dioxide nanosheets; surface modification; hybrid solar cell; photoelectric conversion efficiency
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(a) D2 molecular structure
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(b) Hybrid solar cell (HSC) structure

P@S is P3HT@Spiro-OMeTAD; TNS is TiO, nanosheets; TNP is TiO,

nanoparticles; FTO is fluorine-doped tin oxide glass.
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Fig. 1 Chemical structure of triphenylamine bridged bipyridine
ruthenium complex D2 and HSC structure
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(a) XRD pattern of the FTO/TNS electrode
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(b) SEM image of FTO/TNS electrode

(c) SEM image of FTO/TNS/TNP electrode
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Fig. 2 XRD pattern of TiO, nanosheets and SEM images of different electrodes

(d) SEM image of cross—section of FTO/TNS electrode
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(c) TNS/TNP in high resolution
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Fig.3 TEM images of TiO, nanosheets and TiO, nanoparticles
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(b) Transient photocurrent spectra of FTO/TNS/TNP electrode
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(c) Transient photocurrent spectra of FTO/TNS/TNP/D2 electrode
D2 is triphenylamine complex; P is P3HT, namely poly-3-hexylthiophene.
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Fig. 4 Ultraviolate-visable (UV-Vis) spectra and transient
photocurrent spectra of different electrodes
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(b) Nyquist plots with equivalent circuit diagram of HSCs in the dark
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(d) Open circuit voltage (V) curves

Q is the constant phase element; R; is the series resistance; R is the charge—transfer resistance of FTO/TiO,; R, is the charge recombination resistance of

TiO»/P3HT; R; is the charge—transfer resistance of P3HT/Ag; zis the electron lifetime; w is degree.

Bl ZRBHRE M J—V thEk. b2 BHETRE AT % PRI S it 2%

Fig. 6 Current density (J)—voltage (V) curve, electrochemical impedance spectra and open circuit voltage curves of HSCs
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A 0.9 4623 049 020 674 866.8  48.1
B 6.4 5240 046 1.52 512 9322 127.1

Ji is short circuit current density; FF is fill factor; # is photoelectric

conversion efficiency.
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