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Study on Zn(II) Tetracarboxy Phthalocyanine Doped TiO,
Electrode Using Electrochemical Impedance Spectrum
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(!School of Chemistry and Chemical Engineering, Southeast University, Nanjing 211189, P. R. China;
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Abstract: Nanocrystalline TiO, electrode as well as Zn(II) tetracarboxy phthalocyanine (ZnPcTc) doped mesoporous
nanocrystalline TiO, electrode were fabricated. Electrochemical impedance spectrum (EIS) measurement was used
to investigate the electron transfer characters in electrodes and the interface characters. Arcs of EIS and corresponding
electrode processes were discussed. Dynamic parameters of the electrodes were evaluated through proper calculation
model. On the basis of experimental data, we confirmed that the doping of ZnPcTc into the pure mesoporous
nanocrystalline TiO, electrode could largely decrease the electron transfer resistance, and increase the electrode-

electrolyte interface capacity which was benefit to develop the performance of dye-sensitized solar cell (DSSC).
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Fig.1 EIS diagrams of ITO electrode in 2.5 mmol-L™" Fe*/Fe* aqueous solution
(a) Nyquist diagram, the resistance of ITO electrode is 10 -7, (b) Phase—lgf diagram, the resistance of ITO electrode is 10 -7,

(c) Nyquist diagram, the resistance of ITO electrode is 15 Q0™
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Fig.2 EIS diagram of TiO, electrode in 2.5 mmol- L™ Fe*/Fe* aqueous solution
(a) Nyquist diagram of ITO electrode covered with electrodeposited TiO, (dense)layer; (b) Nyquist diagram of ITO electrode covered
with screen-printed (porous) TiO, layer; (c) Bode diagram of ITO covered with TiO, layer fabricated by electrodepositing and screen-printing.
Insets in (a) and (b) are the magnifications of the high-frequency region.
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Fig.3 EIS diagrams of ZnPcTc covered impacted TiO, electrode

(a) Nyquist diagram; (b) Phase—lgf diagram. Inset in (a) is the magnification of the high-frequency region. Electrolyte is 2.5 mmol - L™ Fe*/Fe* aqueous solution.
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Electrolyte is 2.5 mmol - L™ Fe*/Fe* aqueous solution.
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Table 1 Dynamic parameters of four different TiO, electrodes

kenls™ R/Q CJ/pF
Arc 11 Arc Il  Arc IV Arc IT Arc Il  Arc IV Arc 1T Arc Il Arc IV
electrodeposited TiO; electrode 13.2 - - 60727 - - 1.25 - -
screen—printed TiO, electrode 0.074 - - 975900 - - 13.8 - -
ZnPcTc coverd dense TiO, electrode - 3.44 0.0194 64895 29038 4092 - 10.0 12596
ZnPcTc doped porous TiO; electrode 9.01 0.0194 - 23109 17279 - 4.8 2983 -

“Arc’represents the arcs in each EIS respectively.
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Fig.5 Phase-lgfdiagrams of electrodes fabricated
with different methods
(O) blank ITO electrode; (O) impacted TiO, electrode; (A) ZnPcTc
covered impacted TiO; electrode; (V) ZnPcTc doped porous TiO,
electrode; (>) porous TiO; electrode
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Fig.6 Nygiust plots at mid frequency region of ZnPcTc
doped porous Ti0, electrode at different doping ratios

Volume ratios of TiO, to ZnPcTc are 1:1, 1:2, 1:5. The spectrum of

the ratio of 1:10 is listed solely in the inset.
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