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Cu,O/Cu Hollow Spherical Heterojunction Photocatalysts Prepared by Wet
Chemical Approach
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Abstract: As visible light photocatalysts, narrow bandgap semiconductors can effectively convert solar energy to
chemical energy, exhibiting potential applications in alleviating energy shortage and environmental pollution.
Cu,O/Cu hollow spherical heterojunction photocatalysts were prepared by one-pot solvothermal method without
any template using CuCl,-H,O as precursor, H;NO-HCI and NaBH, as reducing agents. Morphologies, crystal
structures, composition, specific surface areas, and optical properties of the products were analyzed. Addition of
NaBH, gradually changes the morphology of Cu,O/Cu from hollow truncated octahedra to hollow nanospheres.
Thickness of Cu layer on surface of Cu,O can be easily controlled by tuning amount of NaBH,. Direct reduction of
Cu,0 by NaBH, leads to intimate contact between Cu,O and Cu interfaces, which is favorable for carrier separation
and transport. Meanwhile, surface plasmon resonance effect of Cu promotes the absorption capability of Cu,O/Cu
to visible light, thus the prepared hollow sphere Cu,O/Cu particles exhibit a higher photodegradation capability for

methyl orange (MO) and colorless enrofloxacin (ENR). Catalytic performance of Cu,O/Cu is very stable, with no
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significant change in its photocatalytic efficiency for MO after five recycles. Free-radical removal experiments

indicate that ‘O, and holes were dominant species during the MO degradation. Higher photodegradation capability

of Cu,O/Cu for MO is attributed to synergistic effect of Cu,O and Cu. This study provides a promising strategy for

preparation of heterojunction photocatalysts.
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Fig. 1 XRD patterns of the pure Cu,O and Cu,O/Cu samples
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Fig. 2 SEM images of the pure Cu,O and Cu,0/Cu samples
(a) Pure Cu,0; (b-f) Cu,0/Cu with 50 mL addition of NaBH, at concentration of (b) 0.0067, (¢) 0.0080, (d) 0.0100,
(e) 0.0130, and (f) 0.0200 mol/L
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Fig. 3 TEM images of Cu,O/Cu-0.0080 sample at (a) low and
(b) high magnifications
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Fig. 4 XPS spectra of Cu,O/Cu-0.0080 sample
(a) Survey spectrum; (b) Cu2p; (c) Cu-LMM Auger spectrum; (d) Ols
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Fig. 5 UV-Vis diffuse reflection spectra of the pure Cu,O and
Cu,0/Cu samples

Colorful figure is available on website
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Fig. 6 PL spectra of the pure Cu,O and Cu,O/Cu samples
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Tablel Specific surface area, average pore diameter and
pore volume of the pure Cu,O and Cu,O/Cu samples

Specific Pore
Average pore
Sample surface diameter/nm volume/
area/(cm®-g ") (em®-g™)
Pure Cu,O 34.23 85.23 0.286
Cu,0/Cu-0.0067 37.11 55.34 0.279
Cu,0/Cu-0.0080 39.01 34.24 0.274
Cu,0/Cu-0.0100 41.19 32.56 0.263
Cu,0/Cu-0.0130 64.45 30.26 0.246
Cu,0/Cu-0.0200 88.79 26.35 0.221
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Fig. 8 Catalytic performance of the pure Cu,O and Cu,0O/Cu catalysts for MO and ENR
(a) Catalytic degradation curves of the pure Cu,O and Cu,O/Cu catalysts for MO; (b) Fitting plots of pseudo-first-order kinetics; (¢) Absorption
spectra of Cu,0/Cu-0.0080 catalyst for ENR
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Fig. 10 Time-dependent surface temperature changes of the pure Cu,O and Cu,O/Cu samples
(a) Time-dependent surface temperature under irradiation with inset showing infrared thermal image of Cu,O/Cu-0.0130 sample irradiated for
8 min; (b) Time-dependent surface temperature during photocatalysis with inset showing infrared thermal image of Cu,0/Cu-0.0130 sample
photocatalytic degradation for 30 min
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