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Preparation of cobalt and nitrogen codoped TiO, thin films and their
photoelctrochemical performance
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Abstract: The undoped and cobalt doped TiO, sols were prepared using sol-gel method. After addition of triethylamine
into the respective sol at room temperature, nitrogen and (Co, N) codoped TiO, sols were obtained. Various thin film
electrodes were prepared from the sols using dip-coating approach. These films were characterized by XRD, SEM, XPS,
UV-Vis absorption spectroscopy and photocurrent action spectra, and their photoelectrochemical response mechanisms
under visible light were also discussed. The results show that the (Co, N) codoped TiO, electrode exhibits an enhanced
incident photon to current efficiency under visible light in comparison with the Co-doped and N doped TiO, alone.
Codoping dose not shift the position of energy band edges of the electrodes where nitrogen exists in the form of NO,. The
enhanced photoresponse observed can be attributed to the increase in surface area, light absorbance, interface charge
transfer rate of photogenerated carriers and cooperation effect between the doping species.
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Fig.1 Time dependence of current on time for electrodes at

0.8 V in dark and under illumination
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Fig.2 SEM images of undoped and doped TiO, thin film: (a) Undoped; (b) N-doped; (c¢) Co-doped; (d) (Co, N)-codoped
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Fig.3 N 1s XPS spectra of N-doped(a) and (Co, N)-codoped(b) TiO, thin film
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Fig.4 UV-visible absorption spectra for N-doped, Co-doped
and (Co, N)-codoped TiO, thin film coated on suprasil glass
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JLFAAE, X5 Asahi &0 10 PURIEK —8; 0
Sakthivel 2" 7L K 1, BB 24 5 L s i A IR S
KRR IR TNEA RIS Sioh, Bits el
PR A U 100 mV, LB E NI — P 1
30 mV. AR, &EITHEBIMEA LR 2
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B, LB Co 2p MHLTE5G REM AL 15 22 1)
798.81 eV IEAE A 799.32 eV &b, NUILETRILB Z4nT g
T I 5 B TR 45 i AL Tl A E— R R

1 IRB RS TR (Np) A AE T
Mott-Schottky < & I Z (R % k45 . HRB A A4k
ERHRAHLE, FrE S22 Ny [EHEE R m, FF
SR EB A UL Np (HA R KRB 1.5 1 sy
BUGH Np AP MR, BARRDE Rt — .
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Table 1 Parameters derived from Mott-Schottky plots for
doped and undoped TiO, (pH 9.0, 1 000 Hz, 298.15 K).

Photocatalyst  gg, (vs SCE)YV  Np/(10'® cm™) R?
Undoped —0.76 +0.01 21.740.1 0.998 5
N-doped —0.77 £0.01 29.1+0.1 0.999 0
Co-doped -0.86 £0.01 33.7+0.1 0.997 5

(Co,N)-doped  —0.89 +0.01 29.9+0.1 0.994 4

R is linear correlation coefficient.

232 G ER

Bl S sk SRR DG R E % o b [T O,
RB AR KA BE R TiO, MOt i 5 e i
(IPCE), XT[fg th FAEB AR 0.41%) 1%
e AHA R EILIBZL AR WAL M AU K2 400~500
nm X [A](LLREFR V1 X)W HAR ) TPCE, T K2
660~800 nm [X [A](LA R faifx V2 X)) IPCE S0 K.
XYL A IS 2 Bk A R4 E AR 1) IPCE. )
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Fig.5 Curves of IPCE vs wavelength for doped and undoped

TiO, thin films at 0.8 V in solutions (pH = 9) containing 0.1

mol/L Na,SO,, 0.1 mol/L C,HsOH and 0.01 mol/L Na,B,0,
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Fig.6 EIS Nyquist and Bode plots (inset) for electrodes under
visible light at 0.4 V
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Fig.7 Curves of (i Vigy)"? vs hv for doped and undoped
TiO; electrodes at 0.8 V in electrolyte as described in Fig.5
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