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U t i l i z a t i o n o f s o l a r l i g h t a n d i t s s t o r a g e i n t h e f o r m o f
c h e m i c a l f u e l s i s a p r o m i s i n g s t r a t e g y t o d e a l w i t h c u r r e n t
a n d f u t u r e e n e r g y s u p p l y d e m a n d s ( H a b i s r e u t i n g e r e t a l . ,
2 0 1 3 ) . W i t h t h e c o n s u m p t i o n o f f o s s i l f u e l a n d i n c r e a s e i n C O2

h o u s e g a s , i t i s d e s i r a b l e t o d e s i g n a s u i t a b l e r o u t e t o a d d r e s s
t h e s e p r o b l e m s . A l t e r n a t i v e l y , u t i l i z i n g a b u n d a n t a n d c l e a n
s o l a r e n e r g y t o c o n v e r t C O2 i n t o f u e l s , s u c h a s m e t h a n e o r
m e t h a n o l , c o u l d d i s p o s e o f b o t h p r o b l e m s a s w e l l a s p r o v i d e a
s i m p l e f o r m o f e n e r g y s t o r a g e ( M a e t a l . , 2 0 1 4 ) . H o w e v e r , t h e
c o n v e r s i o n o f C O2 i n t o a s i n g l e s u b s t a n c e u s i n g s o l a r l i g h t i s
c h a l l e n g i n g . R e c e n t l y , C O2 c o n v e r s i o n t o m e t h a n o l—w h i c h
Photoelectrocatalytic reduction of CO 2 to methanol over a
photosystem II-enhanced Cu foam/Si-nanowire system







reduction was chosen as a probe reaction. As shown in Fig. 4, a
high methanol evolution rate (41.94 mmol/hr) and O 2 evolution
rate (3.43 mmol/(g chl ·hr)) were obtained under solar light irradi-
ation with abias voltage of 0.5 V. It is interesting that only
methanol was detected in the liquid-phase reaction system in
the cathode chamber, according to the LC results shown in Fig.
S2. This high evolution of methanol revealed that the proposed
hybrid photoelectrocatalytic system exhibited high selectivity for
CO2 conversion to methanol. To clarify the factors affecting
photoelectrocatalytic perform ance in both methanol and oxygen
evolution, various reaction conditions were selected for better
evaluation. No methanol or O 2 was detected in the absence of
chlorophyll or light irradiation. The Z-scheme cannot work
without chlorophyll because no photogenerated electrons are
generated at the photoanode in the absence of chlorophyll.
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Fig. 2 – (a) Schematic diagram of the SLDIPEC setup, FESEM images of (b) photoanode Cu foam and (c) photocathode Si
nanowires, (d) liquid UV –visible absorption spectrum of chlorophyll, (e) solid UV –vis diffuse reflectance spectra (DRS) of Si
nanowires.
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Fig. 3 – Electrochemical impedance spectroscopy (a) and cyclic voltammetry (b) curves of the proposed SLDIPEC system in dark
and under simulated solar light irradiation (300 W Xenon lamp, Air mass1.5 filter).
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conductivity could accelerate electron transfer under light
irradiation to enhance its photoele ctrocatalytic activities in the
entire reaction. Furthermore, t o evaluate the photoelectronic
response of the SLDIPEC system, photocurrent was used to verify
the separation of photo-induced electrons and holes. As shown in
Fig. 3b, a much higher photocurrent density was obtained under
solar light irradiation. This indi cated that many electrons can be
generated for CO 2 reduction, with enhanced photoelectrocatalytic
performance.

2.3. Photoelectrocatalytic performance of the proposed PS-II
participated SLDIPEC system

To evaluate the photoelectrocatalytic performance of the pro-
posed SLDIPEC system, simultaneous O 2 evolution and CO 2






