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The  development  of  artificial  photosynthesis  aims  to solve  the  increasing  energy  demand  and  associated
environmental  problems.  A  model  photosynthetic  system  employing  a  composite  of  semiconductors  with
a  Z-scheme  can  potentially  mimic  the  combined  power  of  photosystems  1 and 2  to transfer  electrons.  In
this  work,  octahedral  cuprous  oxide  covered  with  titanium  dioxide  nanoparticles  (Cu2O/TiO2)  are  syn-
thesized  by  a solvothermal  strategy  that  provides  high  morphological  and  crystallographic  control.  The
formation  of a p-n  heterojunction  and characterization  of  the  Type  II band  alignment  of  the composite
are  performed  by diffuse  reflectance  UV-visible  (DRUV)  spectroscopy,  ultraviolet  photoelectron  spec-
troscopy  (UPS),  and  X-ray  photoelectron  spectroscopy  (XPS).  Upon  UV-visible  irradiation  (�  ≥  305  nm)  of
the  composite  in  the  presence  of water  vapor  as the  hole  scavenger,  the  photoreduction  of CO2(g)  pro-
ceeds  selectively  to generate  CO(g).  The  production  rate  of CO  by  the composite,  RCO = 2.11  �mol  gcat

−1 h−1,
is  4-times  larger  than  for pure  Cu2O under  identical  conditions.  Contrasting  XPS  analyses  of  Cu2O  and

Cu2O/TiO2,  during  photocatalysts  operation  and  the detection  of  photogenerated  hydroxyl  radicals  (HO•)
in  the  heterostructure  at variance  with  the  results  obtained  for pure  Cu2O are  taken  as  evidences  that
TiO2 protects  Cu2O from  undergoing  photocorrosion.  These  results  provide  direct  evidence  of  an  effi-
cient  Z-scheme  as  the main  mechanism  for  harvesting  energy  during  CO2 reduction  in  the  synthesized
materials.

©  2017  Elsevier  B.V.  All  rights  reserved.
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Scheme 1. Schematic representation of the processes that can take place in a sys-
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r use and characterization.
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Fig. 1. X- ray diffraction patterns of (blue) Cu2O/TiO2, (red) Cu2O and (black) TiO2.
The crystal planes from JCPDS are shown between parentheses. Inset shows an
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tion of Cu2O shape and composite architecture
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 and SEM analysis of crystal structure and morphology

shows the X-ray diffraction patterns of the synthesized
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aks belong to the face-centered cubic Cu2O phase (PDF
05-0667) and no diffraction peaks of CuO or metallic Cu
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Fig. 2. SEM images for (a, b) Cu2O, (c, d) Cu2O/TiO2. The left hand side panels show images obtained with low magnification, while the aspect of isolated particles obtained
with high magnification are shown at the right hand side.
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Fig. 4. (a) UV-visible absorption spectra for solid samples. (b) UPS spectra for Cu2O octahedral (top), pure TiO2 (center), and Cu2O/TiO2 heterostructure (bottom). Extrapolations
to the left and right hand sides correspond to the onset values for the valence band and secondary electron spectra, respectively. A complete description is available in the
Supporting Information (see Fig. S5).
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Scheme 2. Sketch of the proposed mechanism to account for CO2 reduction induced by UV–vis irradi
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oint is also demonstrated during experiments presented

at have quantified the production of HO• radicals.
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 carrier generation, the electrons in the conduction band
e transferred to Cu2O (see Scheme 2b):
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)
/TiO2

(
e−

CB, h+
VB

)
→ Cu2O
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TiO2 holes localize on surface oxygen, forming (Ti3+)latt
O

•−)surf paramagnetic species, respectively. By these pro-
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CB), and oxidative holes, TiO2(h+
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 molecules even at the extremely low temperatures used
R studies [49].
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ed [27]. Importantly, no peak for 7-hydroxycoumarin
n was observed during 1) a dark control with Cu2O/TiO2,

diated Cu2O. These controls strongly support the assign-
HO•, an important intermediate for O2 production, as

 product from the photoactivity of the nanocompos-

linear relationship between fluorescence intensity and
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droxycoumarin. Consequently, the production of HO•

 in the inset of Fig. S8 (Supplementary Information) is
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