
Journal of Photochemistry and Photobiology C: Photochemistry Reviews 33 (2017) 132–164

Contents lists available at ScienceDirect

Journal  of  Photochemistry  and  Photobiology  C:
Photochemistry  Reviews

jo u r nal homep age: www.elsev ier .com/ locate / jphotochemrev

Review

Inorganic  semiconductors-graphene  composites  in
photo(electro)catalysis:  Synthetic  strategies,  interaction  mechanisms
and  applications

Lütfiye  Yıldız  Ozera, Corrado  Garlisi a,  Habeebllah  Oladipoa, Mario  Pagliarob,
Saad  Asadullah  Sharief c,  Ahmed  Yusufa,  Saif  Almheiri c,  Giovanni  Palmisanoa,∗

a Department of Chemical Engineering, Khalifa University of Science and Technology, Masdar Institute, Masdar City, PO BOX 54224, Abu Dhabi, United Arab
Emirates
b Istituto per lo Studio dei Materiali Nanostrutturati, CNR, via U. La Malfa 153, 90146 Palermo, Italy
c Department of Mechanical Engineering, Khalifa University of Science and Technology, Masdar Institute, Masdar City, PO BOX 54224, Abu Dhabi, United
Arab  Emirates

a  r  t  i  c  l e  i  n  f  o

Article history:
Received 6 March 2017
Received in revised form 7 June 2017
Accepted 12 June 2017
Available online 15 June 2017

Keywords:
Photocatalysis
Photoelectrocatalysis
Inorganic semiconductors
Graphene
Composites

a  b  s  t  r  a  c  t

The  remarkable  physicochemical  properties  of  graphene  (GR)  and  derivatives  can  be  leveraged  in the  pho-
tocatalytic  activity  of GR-semiconductor  photocatalysts.  The  hitherto  state  of  knowledge  on  the  role of
GR  in  these  composite  materials  is  insufficient  and  leaves  many  questions  unanswered,  thus  it  is  impera-
tive  to  fully  understand  the  interaction  mechanisms  between  GR  and  inorganic  semiconductors.  Detailed
study  and  optimization  of the  features  related  to  the  interface  are  still  very  much  sought  to  efficiently
design  photocatalysts  targeting  their  eventual  commercialization.  This  review  shows  that  photocatalytic
activity  of such  composites  depends  not only  on high  GR  electron  mobility  and  charge  transfer,  but  also  on
the  properties  of the  interface  (such  as interface  morphology,  size,  crystal  phases  and  facet,  dimensional-
ity  of  composites,  etc.).  Focusing  on  the  last  advancements  in this  field,  this  review  analyses  the  challenges
involved  in  the synthetic  strategies  of GR-semiconductor  photo(electro)catalysts  in  various  applications
including  pollutant  degradation,  organic  synthesis,  hydrogen  evolution  and  photoreduction  of  carbon
dioxide  (CO2). Mechanism  of interaction  between  GR and  semiconductors  are  thoroughly  discussed  by
examining  the  proposed  mechanism  in  the  diverse  areas  where  the  composite  materials  are employed  in
photo(electro)catalytic  processes.  In addition,  various  synthetic  and  characterization  technique  available
hitherto are  presented,  since  they  are  pivotal  to the understanding  of  the  composites  properties  (such
as  morphology,  crystal  phases  and  exposed  facets,  degree  of crystallinity,  dimensionality  etc.),  and  even
to shed  more  light  on  interaction  mechanisms  of the  photocatalyst  constituents.  As a  future  outlook,  it
is envisaged  that  research  will  not  only  focus  on  optimizing  GR electrical  and  chemical  properties,  yet
in the  synthesis  of GR-semiconductor  photocatalysts  attention  needs  also  be  placed  on  the properties  of
the  resulting  composites,  using  suitable  synthetic  methods  and  proper  characterizations  to  assess  their
performance.

© 2017  Elsevier  B.V.  All  rights  reserved.
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1. Introduction

Rising concerns about global pollution and climate change
due to ever increasing consumption of non-renewable, fossil
hydrocarbons as fuels and chemical feedstocks [1] has made the
development of green technologies for the production of goods
[2] and the abatement of pollutants [3] the core of contemporary
chemical research. Photocatalysis applied both to the degradation
of organic and inorganic pollutants in water [4,5] and air [6,7], as
well as to photoreduction of CO2 [8,9], and hydrogen evolution
[10–12], has emerged as a most promising method in our common
path to sustainability.

Heterogeneous photocatalysis based on the utilization of semi-
conductors such as TiO2 [13–17], CuO [18,19], ZnO [20,21], and
Fe2O3 [22–24] to produce highly reactive radical species able to
trigger oxidative reactions, as well as conduction band (CB) elec-
trons promoting reduction conversions, presents many advantages,
including low operation cost and no production of secondary haz-
ardous metabolites. The open challenges before photocatalytic
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