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Study on Visible-light Activity of Photocatalytic Composites Composed of Foreign Semiconductors
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Abstract

Band-gap narrowing is necessary for obtaining a visible-light activity in semiconductor. The band-gap narrowing is able to realize with
negative shift of valence band or/and positive shift of conduction band. However the negative shift of valence band brings about a
decrease in oxidative ability, whereas the positive shift of conduction band does about a decrease in reductive ability. To overcome such a
confliction between the band-gap narrowing and the visible-light activity, photocatalytic composite composed of n-type and p-type
semiconductors which cause strongly oxidative and reductive actions, respectively, with visible light are investigated in this work.

CuO and Bi,05 particles were mixed and then sintered at 973 K for 24 h in air to prepare p-type semiconductors of CuBi,O, and
Cu,Biy0,. Cu,Bi,0O, prepared with molar ratio CuO/Bi,O3 of 50/50 was composed of CuBi,O, crystallites, but two crystalline phases
composed CuBi,O, and residual crystallites were formed in Cu,Bi,O, prepared with CuO/Bi,O3 nonidentical to 50/50. Semiconductors of
WOj3 Cu,Biy0, CuBi,0,, and CuO did not reveal visible-light activity, whereas photocatalytic composites composed of n-type
and p-type semiconductors which are WO3/Cu,Bi,O,, WO;/CuBi,0,, and WO3/CuO revealed visible-light activity. In the
photocatalytic composites, potoexcited electrons in WO are able to transfer to photoexcited p-type semiconductor, and oxidative
and reductive actions take place in WO; and the p-type semiconductors, respectively. The visible-light activity of the composite
of WO,/Cu,Bi,O, is lower than that of the composite of WO3/CuBi,0,, since a number of trap sites of hole and electron are
formed on the interface of the two crystalline phases formed in Cu,Bi,0,.
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Figure 1 Schematic representation of cylindlical
glass-vessel used for measurement of photocatalytic
activity under visible-light irradiation.
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Figure 2 XRD curves of p-type semiconductors of
(a) CuO/Bi,05=50/50 and (b) CuO/Bi,03=95/5.
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Figure 3  Diffuse reflectance UV-vis spectra of
p-type semiconductors of CuO, CuO/Bi,03;=95/5,
CuO/Bi,03=75/25, CuBi,0,4, CuO/Bi,03;=25/75, and
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Figure 4 Diffuse reflectance UV-vis spectra of

the composites of WO,/p-type semiconductor and WOs.
CUO, CUO/B|203295/5, CUO/B|203:75/25, CUBizo4,and
CuO/Bi,03;=25/75 were used as p-type semiconductors.
Weight ratio of WO/p-type semiconductor was 2/1.
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Figure 5 Peak area ratio of CO,/N, as a function of
irradiation time in the composites of WO,/p-type
conductor. CuO, CuO/Bi,03=95/5,
CUO/B|203:75/25, CUBi204, CUO/B|203:25/75 were
used as p-type semiconductors. Weight ratio of
WOs/p-type semiconductor was 2/1.
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Figure 6 Peak area ratio of CO,/N, as a function of
irradiation time in WO; and p-type semiconductors.
CUO, CUO/B|203:95/5, CUO/B|203:75/25, CUBi204,
CuO/Bi,03=25/75 were used as p-type semiconductors.
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Table 1  Specific surface areas of p-type
semiconductors.

Sample Specific Surface Area (m?/g)
Cu,Bi,0, (CuO=25mol%) 0530
CUBIi;04(CuO="50mol%) 0471
CuxBiyO,(CuO=75mol%) 0.589
CuxBiyO, (CuO=95mol%) 1.151

Cuo 1170
Bi,03 0.264
WOs 5.124
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Figure 7 Peak area ratio of CO,/N, as a function of
irradiation time in WO,/CuBi,04 composites. The
composite ratios of the composites were 2/1, 1/1, and
2/1.
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