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●  Recent progress of bismuth tungstate (Bi2WO6)
as photocatalyst was summarized.

●  The  review  reported  the  fabrication  and
modification of Bi2WO6-based materials.

●  Bi2WO6-based photocatalysts have been widely
used in multiple areas.

●  Future  perspectives  on  the  use  of  Bi2WO6-
based photocatalysts were discussed.
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A B S T R A C T

Photocatalysis  has  emerged  a  promising  strategy  to  remedy  the  current  energy  and  environmental
crisis due to its ability to directly convert clean solar energy into chemical energy. Bismuth tungstate
(Bi2WO6) has been shown to be an excellent visible light response, a well-defined perovskite crystal
structure, and an abundance of oxygen atoms (providing efficient channels for photogenerated carrier
transfer) due to their suitable band gap, effective electron migration and separation, making them ideal
photocatalysts. It has been extensively applied as photocatalyst in aspects including pollutant removal,
carbon  dioxide  reduction,  solar  hydrogen  production,  ammonia  synthesis  by  nitrogen  photocatalytic
reduction,  and  cancer  therapy.  In  this  review,  the  fabrication  and  application  of  Bi2WO6  in
photocatalysis  were  comprehensively  discussed.  The  photocatalytic  properties  of  Bi2WO6-based
materials were significantly enhanced by carbon modification, the construction of heterojunctions, and
the  atom doping to  improve  the  photogenerated  carrier  migration  rate,  the  number  of  surface  active
sites,  and  the  photoexcitation  ability  of  the  composites.  In  addition,  the  potential  development
directions  and  the  existing  challenges  to  improve  the  photocatalytic  performance  of  Bi2WO6-based
materials were discussed.
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 1    Introduction

Currently, human beings are facing a variety of problems

including  environment  pollution,  global  climate  change,
and  energy  consumption.  The  inexhaustible  renewable
energy of  solar  has  been widely concerned by numerous
researchers. To address the looming problems of environ-
mental  pollution  and  energy  shortage,  the  photocatalysis
technology has been recognized as a promising treatment
method  to  convert  solar  energy  into  chemical  energy
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(Fehr et al., 2023). By modifying photocatalyst, photoca-
talysis  technology  which  is  a  potential  technology  for
green  development  can  effectively  enhance  solar  energy
utilization  and  pollutant  removal,  which  is  a  potential
technology for green development (Mao et al., 2022c; Shi
et al.,  2023).  Photocatalysis  technology  mainly  aims  to
form  electrons  and  holes  in  the  catalyst  under  light
excitation and produce a series of active substances with
high  REDOX  potential,  which  may  destroy  the  internal
chemical  bonds  of  organic  or  inorganic  pollutants  in  the
environment through REDOX reaction degrade pollutants
(Huang  et al.,  2019;  Li  et al.,  2020a).  After  decades  of
research,  photocatalysis  has  achieved  significant  break-
throughs in some crucial areas including the development
and  research  of  catalyst  mechanism,  removal  of  organic
pollutants,  water  cracking  to  produce  hydrogen,
detoxification  of  highly  toxic  inorganic,  as  well  as
reduction  of  carbon  dioxide  (CO2)  into  fuel  (Liu  et al.,
2022; 2023; Monticelli  et al.,  2023).  In  the  development
and application of semiconductor photocatalysts, titanium
dioxide  (TiO2)  is  one  of  the  most  investigated  photoca-
talysts  due  to  its  non-toxicity,  good  stability,  and  low
price  (Cao  et al.,  2023;  Haider  et al.,  2023).  However,
TiO2  is  not  very  responsive  to  visible  light,  seriously
restricting  its  practical  application.  Therefore,  it  is  of
great  necessity  to  develop  a  photocatalyst  with  high
visible  light  responsive  ability  to  enhance  the  utilization
rate of solar energy.
Nowadays, numerous researchers have concentrated on

the  preparation  of  photocatalysts  with  narrow  band  gap
and  high-efficiency  photogenerated  carrier  separation.
Previous  reports  indicate  that  bismuth  materials  have
promising  applications  in  the  field  of  photocatalysis  due
to  their  strong  visible-light  corresponding  ability  (Feng
et al.,  2022).  Bismuth  tungstate  (Bi2WO6)  is  a  kind  of
perovskite semiconductor material, which is characterized
by good visible light excitation activity and suitable band
gap energy (2.8 eV). Compared with other photocatalysts
including  BiVO4  (Wang  et al.,  2022),  CuO  (Cao  et al.,
2021), MoS2 (Lin et al., 2023), g-C3N4 (Mao et al., 2018;
Wang et al., 2021a), CeO2 (Huang et al., 2016b; Ye et al.,
2019;  Bai  et al.,  2020),  and  CuS  (Mao  et al.,  2021b),
Bi2WO6  not  only  effectively  lowers  the  rapid  recombin-
ation of photogenerated carriers, but also exhibits extreme
stability,  low  environmental  toxicity,  and  corrosive
characteristic  during  the  process  of  actual  environmental
application  (Cao  et al.,  2021; Wang  et al.,  2022).  Wang
et al.  extensively  investigated  the  synthetic  methods  and
the  modification  measures  of  Bi2WO6  to  improve  the
photocatalytic performance of the composite (Wang et al.,
2015;  2019;  2020b).  To  improve  the  photocatalytic
performance  of  Bi2WO6  in  environmental  applications,
Jiang  et al.  focused  on  enhancing  the  visible  light
response  of  Bi2WO6  by  carbon  doping  modification
(Jiang et al.,  2023).  The doping of nonmetallic elements,
such  as  carbon,  nitrogen,  phosphorus,  and  sulfur,  may

form a strong electric field into the interface and show a
more efficient photogenerated carrier transfer (Guo et al.,
2023).  Although  numerous  researches  have  already
concentrated  on  the  photocatalytic  properties  of  Bi2WO6
and its application in environmental remediation (Fig. 1),
its  comprehensive  application  in  the  fields  of
environmental  remediation,  medicine  and  clean  energy
has  not  yet  been  discussed.  Therefore,  reviewing  and
summarizing  the  current  research  results  will  exert  a
strong  role  in  guiding  the  future  synthesis  of  high-
performance Bi2WO6-based photocatalytic composites. In
this  study,  the  photocatalytic  properties  and  mechanism
of  Bi2WO6-based  materials  were  also  introduced.  The
photocatalytic  performance  of  Bi2WO6-based  material
and  its  application  in  actual  water  were  discussed.
Finally, the potential research directions and applications
of Bi2WO6-based materials in the future were prospected.

 

2    Synthesis, structure, and characteristics
of Bi2WO6

Recently,  different  preparation  methods  have  been
employed  to  synthesize  Bi2WO6  nanoparticles  to  form
different  microstructure,  including  nano-flowers,  hierar-
chical microsphere, nano-sheets, microspheres, nanorods,
nano-plates,  and  nano-cuboids  (Zhang  et al.,  2019; Wei
et al.,  2020; Orimolade  et al.,  2021).  The  morphology of
Bi2WO6 influencing the photocatalytic abilities mainly is
dependent  on the  synthesis  methods (Meng et al.,  2017).
Up  to  now,  the  preparation  methods  of  Bi2WO6  include
hydrothermal  synthesis,  solvothermal,  calcination,  and
electrodeposition  (Hu  et al.,  2019;  Wang  et al.,  2021b;
2023a). The preparation method tremendously determines
the  crystal  lattice  and  morphology  of  Bi2WO6.  For
example,  the  hydrothermal  reaction  generally  facilitates
the formation of nano-like structure, while the calcination
method usually results in an agglomerate structure, which
 

 
Fig. 1    Graph  showing  the  number  of  papers  published  annually  on
photocatalysis field by Bi2WO6 composites (Data extracted from Web
of Science Database).
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may  influence  the  photocatalytic  performance  by
adjusting the number of active sites on the surface of the
composite  and  the  adsorption  capacity  of  the  treated
object. Due to the large and stable specific surface area of
the  obtained  composite,  the  hydrothermal/solvothermal
method  has  been  widely  used  to  synthesize  Bi2WO6
(Table 1).
In  many  cases,  the  lattice  and  surface  morphology  of

Bi2WO6  were  regulated  by  adding  surfactants,  choosing
different  solvents,  as  well  as  controlling  pH  and
temperature  of  the  reaction  system  during  synthesis.  In
the  study  performed  by  Mao  et  al.  (2018),  Bi2WO6
nanoparticles  were  prepared  by  adding  sodium  oleate
with  hydrothermal  reaction  (Fig.  2(a)).  Similarly,  Yuan
et al.  (2019)  fine-tuned  the  gas-sensitive  properties  and
structure  of  Bi2WO6  nanoparticles  during  hydrothermal
preparation  by  the  addition  of  hexadecyl  trimethyl
ammonium  chloride  (CTAC)  (Fig.  2(b)).  Ultra-thin
nanosheets with a thickness of 6.5 nm were reassembled
into  a  uniform  three-dimensional  layered  nanoflower
structures.  It  was  found  that  the  addition  sequence  of
bismuth  nitrate  (Bi(NO3)3·5H2O)  and  sodium  tungstate
made an impact on the synthesis of Bi2WO6,  mainly due
to  the  strong  hydrolysis  property  of  Bi(NO3)3·5H2O.
Moreover, the addition of CTAC would directly affect the
assembly  of  Bi2WO6,  and  numerous  atoms  were
generated  at  the  crystal-amorphous  boundary  of  the
composite  with  excessive  CATC.  In  the  meanwhile,  a
three-dimensional  microsphere  of  Bi2WO6  was
effectively prepared by sol-gel hydrothermal method with
EDTC  as  the  reaction  solvent  (Liu  et al.,  2014).  A
nanoparticle  of  Bi2WO6 was  synthesized  by  microwave-
assisted  pyrolysis  in  sequence  (Phu  et al.,  2015).  Zhao
et al.  (2018a)  found  that  the  Bi2WO6  exhibited  a
nanoflower  morphology  in  a  synthetic  environment  with
a  pH  of  1–7,  while  the  nanoplate  structures  dominated
when  the  reaction  liquid  pH  was  9–11  (Zhao  et al.,
2018a).  Specifically,  the  structure  of  Bi2WO6  gradually

changed  from  the  nanoflowers,  nodular,  rod-like,  and
irregular shapes with the pH value of the reaction system
ranging  from  1  to  11,  respectively.  Bi2WO6  with  a
nanoflower  structure  exhibited the  highest  photocatalytic
removal ability of ceftriaxone sodium, possibly due to the
large  specific  surface  area  contributing  to  light  capture.
Moreover,  microdisk,  porous  nanoplates,  and  ultrathin
monolayer  structures  of  Bi2WO6  can  be  synthesized  by
the  assistance  of  acetic  acid,  egg  white  proteins
(albumin), or the assistance of a cetyltrimethylammonium
bromide, respectively (Yi et al., 2019). It is mainly caused
by the  fact  that  the  addition of  surfactants  can lower  the
band gap energy of Bi2WO6, and hinder the accumulation
of  monolayer  through  coulomb  repulsion,  which  may
result  in  the  production  of  unsaturated  coordination  and
the active sites.

 

3    Modification of Bi2WO6

The  intrinsic  factors  of  influencing  the  photocatalytic
performance  of  Bi2WO6  include  the  light  absorption
range,  photoelectron  migration  rate,  photogenerated
carrier separation and recombination efficiency, band gap
width,  and  the  number  of  surface  active  sites  (Bai  et al.,
2021; Zhang et al.,  2023). Nevertheless, it  is difficult for
Bi2WO6  to  fully  satisfy  the  needs  of  photocatalysis,
primarily  due  to  its  low visible  light  response,  relatively
wide  band  gap,  and  fast  photogenerated  electron-hole
recombination.  Therefore,  it  is  essential  to  improve  the
photocatalytic  performance  of  Bi2WO6  using  a  series  of
modification  methods,  including  the  construction  of  p-n
heterojunction, carbon load, and atomic doping.

 3.1    The construction of semiconductor heterojunction

The  construction  of  semiconductor  heterojunction  is  an
effective modification method for Bi2WO6 enhancing the

   
Table 1    Summary of synthesis and photocatalytic properties of Bi2WO6

Photocatalyst Synthesis
method Morphology Specific surface

area (m2/g) Contaminant Removal
efficiency Photocatalysis condition Ref.

Bi2WO6 Hydrothermal Nanoflowers 26.154 Ceftriaxone
sodium

70.18% C0 = 10 mg/L; t = 240 min; dosage =
1 g/L; LS: 300 W Xenon lamp

Zhao et al.
(2018b)

Bi2WO6 Solvothermal Nanosheets and
microspheres

– Rhodamine B 97% C0 = 10 mg/L; t = 180 min; dosage =
0.2 g/L; LS: 420 W Xenon lamp

Ma et al.
(2016)

Bi2WO6-g-C3N4 Microwave
hydrothermal

Nanosheets 103.01 Atrazine 100% C0 = 10 mg/L; t = 60 min; dosage =
0.8 g/L; LS: 500 W Xenon lamp

Yang et al.
(2023a)

BPQD/BWO Hydrothermal Porous hollow
spheres

67.03 Amoxicillin 94.5% C0 = 20 mg/L; t = 60 min; dosage =
0.25 g/L; LS: 300 W Xenon lamp

Chen et al.
(2023)

In2S3/Bi2WO6 Hydrothermal Chrysanthemum
-like

64.8 Tetracycline
hydrochloride

96% C0 = 20 mg/L; t = 120 min; dosage =
1 g/L; LS: 300 W Xenon lamp

He et al.
(2022)

Bi2S3-Bi2WO6 Hydrothermal Nanorods – Carbamazepine 92% C0 = 5 mg/L; t = 30 min; dosage =
0.5 g/L; LS: 100 W Xenon lamp

Cheng et al.
(2022)

CQDs/Bi2WO6 Hydrothermal Petal-like 35.56 Tetracycline 89% C0 = 20 mg/L; t = 40 min; dosage =
0.6 g/L; LS: 300 W Xenon lamp

Ren et al.
(2023)

PPy/BWO Solvothermal-
calcining

Flower spherical – Cr(VI) 99.7% C0 = 10 mg/L; t = 30 min; dosage =
0.15 g/L; LS: 300 W Xenon lamp

Song et al.
(2022)
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photocatalytic  carrier  separation  efficiency  and  photo-
catalytic  response.  Semiconductor  p-n  heterojunction
catalysts are generally formed by two or more P-type and
N-type  semiconductors  closely  linked  through  hydro-
thermal or other reactions. Meanwhile, the heterojunction
interface  of  composite  material  promotes  the  effective
separation  of  photogenerated  electrons  and  holes,  which
may  further  enhance  the  photocatalytic  performance.  As
shown  in  Fig.  3,  n-type  semiconductor  Bi2WO6  and
p-type  semiconductor  BiFeO3  successfully  formed  p-n
heterojunction structure, possibly because of the electron
migration  from  Bi2WO6  conduction  band  to  BiFeO3,
which  may  lower  and  increase  electron  cloud  density  of
Bi2WO6  and  BiFeO3,  respectively.  The  photogenerated
electrons transfer may induce the internal electric field to
further  promote  the  effective  separation  of  photogener-
ated  electron-hole,  improving  the  photocatalytic  perfor-
mance  of  Bi2WO6/BiFeO3.  Similarly,  through  a  simple
hydrothermal  reaction,  the  p-n  heterojunction  of
Bi2WO6/BiOI was constructed (Xiang et al., 2016). XRD
and XPS characterization indicate that p-n heterojunction
of  Bi2WO6/CuS  has  been  successfully  prepared  by
sodium  oleate  glycol  system  (Figs.  4(a)  and  4(b)).  The
removal  mechanism  investigation  showed  that  the
photogenerated  carrier  directly  oxidizes  organic  matter
and  reduces  hexavalent  chromium  (Cr(VI)),  as  well  as
realizes  the  synchronous  removal  of  Cr(VI)  and  organic
matter (Fig. 4(c)).

Although  the  construction  of  p-n  heterojunction
effectively  improves  the  separation  and  migration  of
photogenerated  carriers,  the  directional  transfer  of
photogenerated holes to more negative valence bands and
electrons to more corrected conduction bands will reduce
the redox potentials of photon-induced carrier. Due to the
electrostatic  repulsion  between  the  same  charges,  it  is
prevented  from  directional  migration  and  enrichment  of
photogenerated  electrons  and  holes  (Chen  et al.,  2021).
To  overcome  the  p-n  heterojunction  defect,  researchers
have  focused  on  a  Z-type  heterojunction  similar  to  plant
photosynthesis.  During  the  process  of  heterogeneous
structure construction, Z-type heterojunction can not only
realize  the  efficient  separation  of  photogenerated
electrons  and  holes,  but  also  maintain  the  original  redox
properties of photocatalyst.
In  the  Z-type  heterogeneous  structure  construction,

materials  with  strong  conductivity  are  generally  selected
as  electronic  media,  including  metal  atoms  (Ni,  Cu,  Ag,
and  Au)  and  conductive  carbon-rich  materials  (carbon
nanotubes,  graphene,  carbon  black,  carbon  fiber,  and
carbon  quantum  dots)  (Li  et al.,  2018;  Keerthana  et al.,
2020;  Ng  et al.,  2020;  Chen  et al.,  2021;  Zhao  et al.,
2024a). A carbon quantum dot-decorated BiOBr/Bi2WO6
heterojunction  was  successfully  synthesized  with  a  mild
hydrothermal  method  (Fig.  5(a)),  and  nanoflower-like
microspheres were obtained (Figs. 5(b) and 5(c)) (Zhang
et al.,  2022).  Using  a  series  of  characterization  and

 

 
Fig. 2    The synthetic path of Bi2WO6 (a and b), (c and d) SEM and (e) HRTEM images of Bi2WO6 microstructure. Reprinted from
Ref.  (Yuan  et al.,  2019; Mao  et al.,  2021a)  with  permission  from  Elsevier,  Chinese  Academy  of  Sciences,  and  National  Natural
Science Foundation of China.
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Fig. 3    (a)  Semiconductor  heterojunction  diagram  of  Bi2WO6/BiFeO3;  Mechanism  of  photogenerated  charge-separation  and
-migration (b), and photocatalytic degradation and oxygen evolution in Bi2WO6/BiFeO3 (c); Schematic diagram of charge separation
and  migration  in  (d)  Bi2WO6/BiFeO3-1,  (e)  Bi2WO6/BiFeO3-2,  and  (f)  Bi2WO6/BiFeO3-3  NFs.  Reprinted  from  Ref.  (Tao  et al.,
2020) with permission from Elsevier.

 

 

 
Fig. 4    (a)  XRD patterns  and (b)  XPS spectra  of  photocatalysts;  (c)  photocatalytic  removal  mechanism of  mixed RhB, TCH, and
Cr(VI). Reprinted from Ref. (Mao et al., 2021b) with permission from Chinese Academy of Engineering and Tsinghua University.
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calculation,  the  valence  and  conduction  bands  of  BiOBr
were separately +1.20 and −1.49 eV, severally, and those
of  Bi2WO6 were  +2.70  and  −0.01  eV,  respectively  (Fig.
5(d)).  The  photogenerated  holes  in  the  valence  band  of
BiOBr can not directly produce hydroxyl radical, and the
photoinduced  electrons  in  the  conduction  band  of
Bi2WO6 can not react with oxygen to produce superoxide
radicals  (Fig.  5(e)),  mainly  owing  to  the  failure  to  reach
the  standard  redox  potential  of  hydroxyl  radical  and
superoxide radical.  Therefore,  the introduction of  carbon
quantum dots lowers the band gap of CQDs/BiOBr/BWO
by  forming  Z-type  heterojunctions,  which  will  further
promote  the  effective  separation  of  photogenerated
carriers  and  inhibit  the  recombination  of  electron  and
holes (Fig. 5(f)).

 3.2    Carbon modification

Carbon-based  materials  are  usually  used  as  carriers  of
nanometer photocatalysts due to their rich carbon content,
special  electronic  properties,  conjugated  π  structure,  and
high  electrical  conductivity,  which  can  act  as  a  strong
electron  conductor  and  acceptor  to  promote  electron
migration  and  lower  the  recombination  photogenerated
carriers,  remarkably  improving  the  photocatalytic
performance  of  the  photocatalyst  (Mao  et al.,  2022b;

Kang  et al.,  2023;  Yang  et al.,  2023b).  Nowadays,
numerous carbon-based materials have been widely used
in  the  field  of  photocatalysis,  including  graphitic  carbon
nitride  (g-C3N4),  biochar  (BC),  graphene  (PG),  carbon
nano  tube,  fullerene,  and  CQDs  (Zhou  and  Zhu,  2012;
Mao  et al.,  2018;  Wang  et al.,  2020b;  Li  et al.,  2021a;
Zhao et al., 2022).
As  a  carbon-based  material,  g-C3N4  has  exhibited

excellent potential in photocatalysis due to its rich carbon
nitrogen,  simple  preparation  process,  stable  chemical
structure,  non-toxic  and  suitable  band  gap  (Li  et al.,
2020c;  Song  et al.,  2021;  Ma  et al.,  2024).  Bi2WO6/
g-C3N4  nanoparticles  were  prepared  by  pyrolytic-hydro-
thermal  reaction  to  realize  carbon  loading  of  nanopar-
ticles  and  form  p-n  heterojunction  interface,  which  is
beneficial  for  the  efficient  separation  of  electrons  and
holes  (Figs.  6(a)–6(d)).  Therefore,  numerous  active
substances  were  produced,  probably  accelerating  the
degradation  of  organic  pollutants.  Moreover,  Bi2WO6/
g-C3N4  based  multielement  catalysts  have  been
synthesized  successively,  including  BWQ/g-C3N4/ATP
(Zeng  et al.,  2022),  SnTCPP/g-C3N4/Bi2WO6  (He  et al.,
2020),  Bi2WO6/g-C3N4/CeO2  (Bai  et al.,  2020),
Bi2WO6/g-C3N4/BiFeO3,  and  Bi2WO6/CuS/g-C3N4  (Bai
et al.,  2021).  In  addition,  they  can  further  increase  the
number  of  active  sites  and  facilitate  the  separation  of

 

 
Fig. 5    (a)  Schematic  representation  of  the  fabrication  of  CQDs/BiOBr/BWO;  SEM images  of  (b)  BiOBr  and  (c)  Bi2WO6;  (d–f)
Charge  transfer  modes  of  CQDs/BiOBr/BWO.  Reprinted  from  Ref.  (Zhang  et al.,  2022)  with  permission  from  The  American
Chemical Society.
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photogenerated  electrons  from  holes  because  of  the
formation  of  multiple  internal  electric  fields  at  the
heterojunction interface.
BC  is  a  stable,  carbon-rich,  insoluble,  porous,  and

fluffy  substance  formed  by  pyrolysis  of  biomass  at
varying  temperatures  under  hypoxic  or  anaerobic
conditions (Kochanek et al.,  2022; Monisha et al.,  2022).
BC  is  of  great  interest  due  to  its  large  specific  surface
area  and  wide  range  of  raw  materials,  including

agricultural  waste  (including  peanut  shell,  pomelo  peel,
cotton  straw,  corn  straw  and  animal  manure),  industrial
organic  waste,  garden  waste,  and  urban  sludge  (Osman
et al.,  2022).  Therefore,  BC has  been chosen as  the  base
material  to  modify  Bi2WO6,  which  can  enhance  the
adsorption and photocatalytic properties of the composite.
Wang  et al.  modified  BC  by  nitrogen  doping  and  then
loaded  Bi2WO6  nanoparticles  onto  the  porous  carbon
skeleton  (BW/N-B)  (Wang  et al.,  2020b).  Due  to  the

 

 
Fig. 6    SEM images of (a)–(b) Bi2WO6/g-C3N4; (c) XRD patterns and (d) HRTEM micrographs of Bi2WO6/g-C3N4; (e) Preparation
flowchart  of  the  fabrication  of  Bi2WO6/NSBC.  Reprinted  from  Ref.  (Mao  et al.,  2018; Mao  et al.,  2021a)  with  permission  from
Elsevier and SpringerLink.
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improved  photoelectron  migration  efficiency  and  visible
light response,  the BW/N-B showed an extremely strong
photocatalytic  performance  for  the  removal  of  RhB  and
Cr(VI).  Moreover,  N-doped  BC  has  been  shown  to
effectively  improve  the  photocatalytic  performance  of
Bi2WO6,  possibly  due  to  accelerated  electron  transfer
through  C-N  bonds.  To  further  improve  the  catalytic
performance of  Bi2WO6,  N and S co-doped BC (NSBC)
was  prepared  to  disperse  Bi2WO6.  As  displayed  in
Figs.  7(a)–7(c),  BC has a  large specific  surface area and
Bi2WO6  nano-flowers  were  successfully  loaded  onto
NSBC  by  hydrothermal  reaction.  The  structure
composition  and  chemical  bond  of  elements  of  Bi2WO6
were  not  significantly  changed  after  BC  dispersion
(Figs. 7(d)–7(g)). Interestingly, photocurrent and electron
hole  separation  rate  were  significantly  increased  by
NSBC (Figs. 7(h) and 7(i)), probably due to the presence
of  graphite  N,  pyridine  N,  thiophene  S,  and  oxidized  S,
providing  numerous  active  sites,  promoting  electron
migration, and improving the adsorption of pollutants.
PG is usually used to construct photocatalytic materials

due to its outstanding properties including stable chemical

structure,  fast  carrier  migration  rate,  and  large  specific
surface  area  (Torres-Pinto  et al.,  2021). Cui  et al.  (2021)
has  successfully  synthesized  GQDs/BWO  microspheres
via  hydrothermal  reactions.  The  results  showed  that  10
GQDs/BWO  had  the  best  photocatalytic  ability  for
degradation  of  nitrogen  oxide  (NO),  and  the  conversion
of NO by GQDs/BWO was 3.84 times higher than that by
pure  Bi2WO6,  possibly  owing to  the  excellent  photogen-
erated electron transfer performance of GQDs (Cui et al.,
2021).  Additionally,  Bi2WO6@GNRs  nanocomposites
were  prepared  by  microwave  assisted  hydrothermal
method,  which  not  only  had  the  excellent  electron
migration  properties,  but  also  exhibited  an  extremely
strong sensing performance (Rajaji et al., 2018).
CQDs  have  attracted  great  attention  due  to  its  rich

carbon  content,  non-toxicity,  and  strong  photoresponse
ability.  Qian  et al.  combined  highly  stable  CQDs  with
Bi2WO6  to  enhance  the  photocatalytic  oxidation  of
gaseous volatile organic compounds (VOCs) (Qian et al.,
2016).  CQDs/Bi2WO6  exhibited  the  absorption  edge  of
visible  light  migration  and  promoted  photogenerated
carrier  transfer,  thus  achieving  efficient  photocatalytic

 

 
Fig. 7    SEM images of (a) BC, (b) NSBC1,  (c) Bi2WO6/NSBC3;  (d) XRD patterns of the different samples; (e) XPS survey scan,
(f) N 1s, (g) C 1s of NSBC1; (h) Transient photocurrent responses and (i) PL spectra of synthesized photocatalysts. Reprinted from
Ref. (Mao et al., 2021a) with permission from Elsevier.
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oxidation  of  toluene  and  acetone  under  both  light  and
UV-light  irradiation.  Similarly,  CQDs/Bi2WO6  was
synthesized  via  in  situ  hydrothermal  reaction,  and
demonstrated  that  the  S-scheme  heterojunction  interface
was  connected  by  Bi-O-C  bonds,  providing  an  atomic-
level  interface  channel  for  promoting  photogenerated
carrier  migration  (Ren  et al.,  2023).  To  investigate  the
interface  mechanism  of  CQDs/m-Bi2WO6  from  the
microscopic  level,  density  functional  theory  (DFT)
calculation  was  employed  to  investigate  the  electronic
properties of the interface structures (Wang et al., 2018a).
As  depicted  in  Figs.  8(a)–8(c),  in  the  interface,
photogenerated electrons were accumulated in the CQDs
region,  while  photoinduced  holes  were  enriched  in  the
Bi2WO6  region,  primarily  caused  by  the  VB-edge
hybridization  and  complementary  conduction  between
CQDs and Bi2WO6.  Meanwhile,  CQDs can absorb near-
infrared light (400–750 nm) to stimulate Bi2WO6 to form
hole/electron pairs,  and as  an  electron storage  to  capture
photogenerated  electrons  emitted  by  Bi2WO6,  suppres-
sing  electron  and  hole  recombination  (Figs.  8(d)  and
8(e)).  In  summary,  the  modification  of  CQDs  enhanced
the  photocatalytic  removal  of  organic  pollutants  under
visible light and infrared irradiation.

 3.3    Atomic doping

Atomic doping can regulate the lattice of Bi2WO6,  cause
partial  defects,  improve  the  efficiency  of  electron  and
hole separation, and expand the absorption range of light.

Atomic doping is categorized into nonmetallic (P, S, N, F,
etc.)  and  metallic  (Ag,  Mo,  Ce,  Cd,  Fe,  etc.)  element
doping (Liu et al., 2021a).
The  photocatalytic  performance  of  the  composites  is

positively  influenced  by  nonmetallic  element  doping.
Photocatalytic  performance  of  S  doped-g-C3N4/Bi2WO6
was explored  by  an  ultrasonic  approach (Murugan et al.,
2021).  The  composite  with  3  wt% S  doping exhibits  the
highest  photoelectric  water  oxidation  performance,
possibly  due  to  the  low  charge  recombination  rate  by
forming  heterostructure.  Meanwhile,  a  novel  N-CQDs/
Bi2WO6 was  also  successfully  constructed  (Zhang  et al.,
2018b). Obviously, the photocatalysis and mineralization
efficiency  of  N-CQDs/Bi2WO6  were  significantly
improved with nearly 97% (25 min) and 86.37% (90 min)
removal of tetracycline, respectively. This was caused by
the  acceleration  of  charge  transfer  and  improvement  of
molecular  oxygen  activation  ability. Wang et al.  (2020a)
assisted  the  regulation  of  Bi2WO6  oxygen  vacancy  by
iodine  doping  to  introduce  oxygen  vacancy  and  induce
photocatalytic  oxidation  of  organochlorine  pesticides.  It
was  of  note  that  the  total  organic  carbon  removal
efficiency  of  sodium pentachlorophenol  by  iodine-doped
Bi2WO6 was over 90% within 2 h, which was 10.6 times
higher  than  that  of  Bi2WO6  under  visible  light.  This  is
mainly caused by the fact that iodine doping weakens the
introduction of sufficient oxygen vacancy in the Bi2WO6
lattice, thus significantly enhancing the molecular oxygen
activity  to  degrade  sodium  pentachlorophenol.  In
addition,  phosphorus-doped  g-C3N4  modified  Bi2WO6

 

 
Fig. 8    The distribution of partial charge density of valence band (a) and conduction band (b) of CQDs/m-Bi2WO6; (c) Deformation
charge  density  of  CQDs/m-Bi2WO6;  (d)  Schematic  diagram  of  PL  transformation  in  CQDs/m-Bi2WO6  heterojunction;
(e) Photocatalytic mechanism diagram of CQDs/m-Bi2WO6 under visible and infrared light irradiation. Reprinted from Ref. (Wang
et al., 2018a) with permission from The German Chemical Society.
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and  AgBr  were  successfully  prepared  using  a  simple
in  situ  sedimentation-calcination-hydrothermal  method
(Xue et al., 2023). The removal efficiency of tetracycline
by the composite reached 99.2% within 60 min, primarily
because of the facilitation of photogenic carrier separation
and  low  recombination  rate  based  on  the  formation  of
mid-gap, Ag bridge, and multiple heterojunctions.
Metal doping improves the photocatalytic performance

of composites through adjusting the band gap, and charge
density distribution. Ding et al. reported that the photocat-
alytic  removal  efficiency  of  sodium  pentachlorophenate
was  significantly  enhanced  by  bismuth  self-doping
Bi2WO6 using a soft-chemical method (Ding et al., 2014).
The  results  of  structure  characterization  and  DFT
calculation  indicated  that  bismuth  self-doping  Bi2WO6
improved  photogenic  carrier  separation  and  transfer  to
produce  more  active  substances.  The  introduction  of  Ti
and  Zr  in  Bi2WO6  resulted  in  structural  defects  and
reduced  the  CB  positions,  enhancing  visible-light
responsiveness  (Zhang  et al.,  2011; Arif  et al.,  2021).  In
brief,  atom  doping  introduces  defects  to  adjust  the  band
gap  and  hole  and  significantly  improves  the
photogenerated electrons and hole migration rate, aiming
to increase the photocatalytic activity (Table 2).

 

4    Application of Bi2WO6-based materials in
photocatalysis

 4.1    Environmental remediation field

 4.1.1    Degradation of organic pollutants

With  the  rapid  development  of  industrial  modernization,
various  organic  pollutants,  including  pharmaceutical  and

personal  care  products  (PPCPs),  persistent  organic
pollutants  (POPs),  organic  dyes,  antibiotics,  and  pesti-
cides,  are  constantly  entering  into  the  natural  environ-
ment,  posing  serious  environmental  threats  on  human
health and life (Chu et al., 2016; Huang et al., 2016a). As
a  novel  energy-saving  and  environmental-friendly
treatment  method,  photocatalysis  has  been  considered  as
a  prospective  technology  for  the  degradation  of  organic
pollutants.
Zhao et al. (2024b) prepared an n-p type Bi2WO6/AgInS2

S-type heterojunction based on hydrothermal method, and
this  Bi2WO6/AgInS2  S-type  heterojunction  exhibited
excellent  photocatalytic  activity  for  RhB,  norfloxacin
(NF),  and  levofloxacin  (LEV)  under  visible  light  (Table
3).  Similarly,  Guo  et al.  (2020)  constructed  Bi2WO6-
BiOCl  by  hydrothermal  reaction,  revealing  a  highly
efficient  degradation  pathway  of  oxytetracycline.
Simultaneously,  numerous  Bi2WO6  based  materials  can
remove multiple organic pollutants (Table 3). The results
are  mainly  attributed  to  the  following  two  aspects:  first,
the separation and migration efficiency of photogenerated
electrons  and  hole  pairs  significantly  increased  after  the
modification  of  Bi2WO6;  secondly,  the  active  substance
was  produced  rapidly  under  the  condition  of  light
excitation. For example, Liu et al. (2022) constructed the
Z-scheme  Fe-g-CN/BiWO  photo-Fenton  system  for
efficient degradation of TC. In this study, the contribution
of free radicals in organic degradation was determined by
quenching  experiment  and  EPR  analysis.  The  TC
degradation  pathway  of  photo-Fenton  system  was
indicated  by  LC-MS  analysis  (Fig.  9(a)).  With  visible
light excitation, photogenerated holes can react with H2O
to  produce  hydroxyl  radicals,  and  O2  was  reduced  by
photo-induced  electrons  to  generate  superoxide  radicals,
thereby  accelerating  the  oxidation  of  TC  and

   
Table 2    Comparison of photocatalytic properties of element doping Bi2WO6

Photocatalyst Doping mode Photocatalytic activity Regulatory mechanism Ref.

S, F-Bi2WO6 Nonmetallic Methyl orange (MO) degradation: 95.4% (120
min) and Cr(VI) reduction: 94.3% (120 min)

Tuning oxygen vacancy Peng et al. (2023)

CSs-Bi2WO6 Nonmetallic TC degradation: 84.6% (60 min) High visible light utilization Jiang et al. (2023)

I0.50-Bi2WO6 Nonmetallic Bisphenol A degradation: 78% (10 min) Introducing reductive species I− Xu et al. (2021)

N-CQDs/Bi2WO6 Nonmetallic TC degradation: 97% (25 min) Interfacial charge transfer Zhang et al. (2018b)

Bi2 + XWO6 Metal Sodium pentachlorophenate degradation: 97%
(2.15 h)

Interfacial charge transfer Ding et al. (2014)

Ti-Bi2WO6 Transition metal Cr(VI) reduction: 100% (60 min) Mediating oxygen vacancy Arif et al. (2021)

Zr-Bi2WO6 Transition metal RhB degradation: ~100% (20 min) Mediating oxygen vacancy Zhang et al. (2011)

Ag-Bi2WO6 Transition metal RhB degradation: 94% (120 min) Enhanced surface plasmon resonance Phu et al. (2020)

Sm3+-Bi2WO6 Rare earth metal RhB degradation: ~100% (40 min) Tuning oxygen vacancy Liu et al. (2020)

Yb-Bi2WO6 Rare earth metal RhB degradation: 95% (180 min) Introducing oxygen vacancies Li et al. (2021b)

Eu-Bi2WO6 Rare earth metal RhB degradation: 78% (60 min) Influence morphology evolution Xu et al. (2014)

Ba-Bi2WO6 Metal RhB degradation: 96.3% (50 min) Construction electron defect Li et al. (2015)

La-Bi2WO6 Rare earth metal RhB degradation: 90% (99 min) Interfacial charge transfer Ning et al. (2022)
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interconversion  between  Fe(II)  and  Fe(III)  to  produce
more  free  radicals  (Fig.  9(b)).  Due  to  the  high  electron
density,  the  amine  groups,  phenolic  groups,  and  double
bonds in the TC molecule were susceptible to be attacked
by free radicals and holes (Wang et al., 2018b). Currently,
pesticides  have  been  widely  used  in  agricultural
production,  causing  excessive  organic  matter  content  in
agricultural  withdrawal  water.  GokulaKrishnan  et al.
(2024) anchored Bi2WO6 nanoparticles on the membrane
by  grafting  through  in  situ  polymerization  for  treating
agricultural regression water.

 4.1.2    Cr(VI) photocatalytic removal

As  highly  toxic  substances,  Cr(VI),  may  harm  human
health  and  damage  the  ecological  environment.
Meanwhile,  Cr(VI)  is  200  times  more  toxic  than  Cr(III)
(Zhang  et al.,  2020b;  Mao  et al.,  2022a).  The  photoele-
ctrons  and  holes  produced  by  photoexcitation  can
effectively  lower  Cr(VI),  which  has  been  regarded  as  a
promising technology to address Cr(VI) pollution.
Arif  et al.  developed  interface  engineering  of  α-

MnO2/Bi2WO6  and  regulated  defect  active  sites  for
efficient photocatalytic reduction of Cr(VI) and degrada-
tion  of  TC  (Fig.  10(a))  (Arif  et al.,  2023).  The
photoinduced  charge  separation  and  conversion  of  α-
MnO2/Bi2WO6  were  significantly  enhanced  by  surface
oxygen vacancies and defective sites Mn(III)/Mn(IV). As
displayed  in  Fig.  10(b),  photoexcitation  led  to  the
generation  of  an  internal  electric  field  at  the  heterojunc-
tion  interface,  which  could  accelerate  the  migration  of
photogenerated  electrons  to  the  conduction  band  of  α-
MnO2  and  holes  to  the  valence  band  of  Bi2WO6.  In  this
case, the electrons in the conduction band of α-MnO2 can
directly  reduce  Cr(VI),  while  the  holes  in  the  valence
band of Bi2WO6 would probably be capable of producing
hydroxyl  radicals  and  oxidize  TC,  according  to  the

previous  study  of  Bi2WO6/CuS  (Mao  et al.,  2021b).  Z-
scheme  PPy/  Bi2WO6  composites  were  synthesized
through  a  polymerization  and  deposition  reaction  (Fig.
10(c))  (Song  et al.,  2022).  Due  to  the  internal  electric
field,  the  photogenerated  electrons  on  the  conduction
band  of  Bi2WO6  quickly  transferred  to  the  contact
interface and reunited with holes on the highest occupied
molecular  orbital  of  PPy,  promoting  the  efficient
separation  and  migration  of  photogenerated  carriers  on
the  valence  band  of  Bi2WO6  and  lowest  unoccupied
molecular  orbital  of  PPy  to  produce  free  radicals.  In
summary,  the  photogenerated  electrons  and  free  radicals
contributed to the reduction of Cr(VI).
Bi2WO6  based  materials  can  produce  photoelectrons

and  holes  in  the  photocatalytic  reaction,  which  are
characterized  by  strong  reduction  and  oxidation  proper-
ties,  respectively.  Therefore,  it  can achieve simultaneous
oxidation  of  organic  pollutants  and  detoxification  of
Cr(VI) in the reaction system. Meanwhile, the photogenic
carrier reacts with water and dissolved oxygen to produce
free  radicals,  which  can  possibly  further  promote  the
reduction of Cr(VI). Obviously, the synchronous removal
of  organic  pollutants  and  Cr(VI)  was  significantly
enhanced  in  the  photocatalytic  system.  The  results  are
primarily  caused  by  the  simultaneous  consumption  of
photogenerated  electrons  and  holes,  accelerating  the
generation and migration of photogenerated carriers (Mao
et al., 2021b). As displayed in Fig. 11,Bi2WO6 supported
on nitrogen-sulfur co-doped BC by solvothermal reaction
may  promote  the  efficient  transfer  of  photogenerated
electrons,  probably  accelerating  the  oxidation  of  organic
matter at the valence band and the reduction of Cr(VI) on
the modified BC (Mao et al., 2021a). Similarly, Cai et al.
(2023)  reported  that  Bi2WO6/C3N4/carbon  fiber  cloth
with  oxygen  vacancy  (OV)-rich  exhibited  an  excellent
photocatalytic  performance  for  removing  antibiotics  and
Cr(VI).This  is  mainly  resulted  from the  enhanced  active
center  and  accelerated  charge  carrier  disintegration  rate

   
Table 3    Degradation of OP by Bi2WO6 based materials

Photocatalyst Synthesis method Photocatalytic activity Photocatalysis condition Ref.

Bi2WO6/AgInS2 Hydrothermal RhB (92.24%, 60 min), NF (81.73%, 90 min),
and LEV (87.46%, 90 min)

C0 = 10 mg/L; t = 90 min; dosage =
0.3 g/L; LS: 300 W Xenon lamp

Zhao et al. (2024b)

I-Bi/Bi2WO6 One-step solvothermal Colorless BPA (30 mg/L, 93%), RhB (10 mg/L,
99.9%), anionic dye CoR (40 mg/L, 91%),
sulfamethoxazole (SX, 10 mg/L, 55%), and

atrazine (AZ, 10 mg/L, 60%)

t = 60 min; dosage = 0.2 g/L;
LS: 300 W Xenon lamp

Hua et al. (2020)

Bi2WO6-BiOCl Hydrothermal and
solvothermal

Oxytetracycline (98.5%) C0 = 20 mg/L; t = 80 min; dosage =
1 g/L; LS: 500 W Xenon lamp

Guo et al. (2020)

I0.30-Bi2WO6 Hydrothermal 2-chlorophenol (80%) C0 = 10 mg/L; t = 300 min; dosage =
2 mg; LS: 150 W Xenon lamp

Wang et al. (2018c)

Oxygen vacancies
enriched Bi2WO6

Solvothermal
calcination

Decabromodiphenyl ether (BDE209, 98%) C0 = 10 mg/L; t = 40 min; dosage =
0.3 g/L; LS: 300 W Xenon lamp

Yang et al. (2022)

CQD/BiOBr/Bi2WO6 Hydrothermal Norfloxacin (k = 0.01717 min−1) C0 = 15 mg/L; t = 120 min; dosage =
0.1 g/L; LS: 500 W Xenon lamp

Zhang et al. (2022)

Bi2WO6/RGO Hydrothermal RhB (99.5%), MO (78.5%), phenol (66.5%), SX
(70.9%), and sulfanilamide (57.6%)

C0 = 10 mg/L; t = 8 h; dosage =
0.5 g/L; LS: natural sunlight

Dong et al. (2017)

Cu-Bi2WO6-Vo One step solvothermal TC (94%) C0 = 20 mg/L; t = 30 min; dosage =
0.3 g/L; PMS = 0.3 g/L; LS: 300 W

Xenon lamp

Zheng et al. (2023)
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by  constructing  a  fiber-shaped  S-scheme  photosystem
with OVs.

 4.2    Clean energy field

 4.2.1    Reduction of CO2 to high value-added products

Excessive  CO2  emissions  from  human  activities  have
caused  more  extreme  and  frequent  weather  events
including  high  temperature  heat  waves,  dust  storms  in

some regions, typhoons, and droughts (Hung et al., 2022).
Bi2WO6-based materials can convert CO2 into high value-
added products under natural light such as CH4, CH3OH,
CO, HCOOH, and C2H5OH (Fig. 12) (Jiang et al.,  2017;
Li  et al.,  2020b;  Liu  et al.,  2021b;  Collado  et al.,  2023;
Zhao et al.,  2024a).  During the  process  of  photocatalytic
CO2  reduction,  the  photogenerated  electrons  are
consumed  to  reduce  CO2,  and  the  photogenic  holes
undergo  water  oxidation  reactions.  The  two  C  =  O  (750
kJ/mol) bonds of CO2 have obviously high bond energies

 

 
Fig. 9    (a)  Degradation path,  and (b)  photocatalytic  removal  mechanism of  TC by composite  materials.  Reprinted from Ref.  (Liu
et al., 2022) with permission from Elsevier.
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when compared with the C–H (430 kJ/mol) and C–C (336
kJ/mol)  bond  (Wu  et al.,  2017;  Shang  et al.,  2023).
Therefore,  the  photocatalytic  CO2  reduction  process
needs  to  provide  sufficient  energy  for  ensuring  that  the
reaction  goes  smoothly.  As  a  result,  the  modification  of
Bi2WO6  has  been  widely  used  with  two  strategies  being
included. The photocatalytic performance of Bi2WO6 was
improved  by  boosting  photoabsorption,  local  surface
plasmon  resonance,  and  metallic  photocatalysts,  impro-
ving  carrier  separation  capability,  controlling  the
microscopic  morphology,  and  so  on  (Zhao  et al.,  2023).
Lu  et al.  (2021)  constructed  surface  plasmon  resonance
on Bi2WO6 by electron doping to promote CO2 selective

reduction.  It  is  of  note  that  during  the  preparation  and
modification  of  Bi2WO6,  the  conduction  band  position
should  be  lower  than  the  reduction  potential  of  CO2,
while the valence band position should be higher than the
oxidation  potential  of  H2O  (Zhang  et al.,  2012).  In
addition, the contact efficiency between Bi2WO6 and CO2
was enhanced by improving the specific surface area and
surface  structure.  Liu  et al.  (2021c)  constructed  a
hydrophobic  Bi2WO6  nanosheets  by  hexadecyl  trimethyl
ammonium  bromide  modification,  significantly  impro-
ving  the  adsorption  and  mass-transfer  of  CO2  on  the
surface  of  Bi2WO6. Wang  et al.  (2023b) designed  inner-
to-outer tandem homojunctions through gradient cationic

 

 
Fig. 10    (a)  Preparation  flowchart  and  (b)  photocatalytic  charge  transfer  mechanism  at  internal  interface  α-MnO2/Bi2WO6
heterostructure;  Schematic  diagram of  (c)  photocatalyst  preparation  of  PPy/Bi2WO6.  Reprinted  from Ref.  (Song  et al.,  2022; Arif
et al., 2023) with permission from Elsevier.

 

 

 
Fig. 11    Possible  mechanism  for  photocatalytic  removal  of  antibiotics  and  Cr(VI)  on  Bi2WO6/NSBC.  Reprinted  from  Ref.  (Mao
et al., 2021a) with permission from Elsevier.
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vacancies,  which  may  significantly  enhance  W-vacant
Bi2WO6  photoreduction  of  CO2  through  strong  local
internal electric field and reformed basic sites.

 4.2.2    Solar hydrogen production

Owing to its thin two-dimensional structure and electron-
dominated lattice, Bi2WO6 has the potential to efficiently
produce  hydrogen  gas.  The  redox  potential  and  suitable
band  gap  of  Bi2WO6  are  the  vital  factors  for  hydrogen
evolution  (Fig.  13)  (Wu  et  al.,  2020;  Yan  et  al.,  2022).
Xing  et  al.  (2019)  synthesized  ultrathin  2D-2D
heterojunctions  Bi2WO6-Bi2O2S  through  a  simple  two-
step  hydrothermal  method.  A  five-alternating-layer
sandwich  structure  was  formed  by  in  situ  growing  of
Bi2O2S,  which  could  not  only  promote  the  interfacial
charge  transfer  but  also  significantly  improve  the
photocatalytic  water  decomposition  efficiency.  Some
researchers  assembled  Bi2WO6  with  other  materials  due
to  its  excellent  optical  properties,  improving  the
photocatalytic  hydrogen  evolution  performance  of
composite  materials.  Hu  et  al.  (2019)  succeeded  in
introducing black phosphorus into Bi2WO6 (BP-Bi2WO6)
to  break  down  water  molecules  in  the  air.  The
photocatalytic  hydrogen  evolution  rate  of  BP-Bi2WO6
was  significantly  improved,  and  was  9.15  times  higher
than  that  of  pure  Bi2WO6.  Likewise,  Murugan  et  al.
(2021) designed  S  doped-g-C3N4/Bi2WO6  heterojunction
by  ultrasonic  method.  S  doped-g-C3N4 was  combined  to
form  heterojunction  structure,  thereby  accelerating  the

separation  of  photogenerated  electron-hole  pairs,  and
boosting the water oxidation kinetics on the surface of S
doped-g-C3N4/Bi2WO6.

 4.2.3    Ammonia synthesis by nitrogen photocatalytic
reduction

Ammonia is a particularly important chemical product in
the rapid development of the current industrialization, and
has been widely used in agriculture, industry, and military
fields.  The  Haber–Bosch  method  has  been  applied  in
industrial  production  to  synthesize  ammonia,  which  not
only consumes 2% of global energy, but also accounts for
1%  of  the  world’s  annual  CO2  emissions.  However,
photocatalytic  nitrogen  fixation  refers  to  the  use  of
abundant  clean  solar  energy  input  to  produce  ammonia,
obviously  meeting  the  clean  production.  Dhanaraman
et al. (2024) reasonably inserted a Bi2WO6 into g-C3N4 to
enhance  photocatalytic  antibiotic  removal  and  nitrogen
reduction  reactions.  Verma  et al.  (2023)  successfully
optimized the Bi2WO6–BiOCl heterojunctions by varying
the  molar  ratio  of  chlorine:  tungsten  precursor.  The
ammonia  yield  of  the  Bi2WO6–BiOCl  was  345.1
umol/(L·h), which was 2.6 and ~2 times higher than that
of  the  original  Bi2WO6  and  BiOCl,  respectively.  To
improve  the  efficiency  of  ammonia  synthesis,  numerous
studies  have  chosen  to  combine  photocatalysis  with
electrocatalysis to achieve efficient nitrogen reduction of
ammonia  production.  Yang  et al.  (2021)  doped  cerium
into  Bi2WO6  by  a  defection-induced  manner  for

 

 
Fig. 12    Schematic  diagram  of  photocatalytic  CO2  reduction  mechanism:  (a)  ultrathin  2Ag-BWO  nanosheets,  (b)  QDh-Bi2WO6,
(c) chloride-modified Bi2WO6, and (d) Bi2WO6/TiO2. Reprinted from Ref. (Jiang et al., 2017; Li et al., 2020b; Collado et al., 2023;
Zhao  et al.,  2024a)  with  permission  from  Elsevier,  The  Royal  Society  of  Chemistry,  and  Catalysis  Society  of  Chinese  Chemical
Society, respectively.
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electrochemical  nitrogen  reduction  of  ammonia
production.

 4.3    Medical science field

The  Bi2WO6  nanoparticles  had  an  extremely  surface
activity  for  photocatalytic  oxidation  reactions,  producing
active  substances  (·O2

–,  ·OH,  and  1O2)  under  light
excitation  in  the  range  of  ultraviolet  to  near-infrared
(Zhou et al., 2015). Thus, many researchers have applied
Bi2WO6  in  photodynamic  therapy  of  tumor  (Fig.  14).
Wang  et al.  indicated  that  Bi2WO6  could  generate  an
active  substance  in  the  absence  of  oxygen  consumption,
opening  up  novel  ideas  for  oxygen-free  photodynamic
treatment of tumors (Zhang et al., 2018a). Meanwhile, the
Bi2WO6  nanoparticles  were  hired  considering  their
capacity  to  induce  both  oxygen-independent  type  I
photodynamic  therapy  and  photothermal  therapy  (Zhang
et al.,  2018a).  Zhang  et al.  (2020a)  constructed  a  hybrid
by  loading  oxygen-independent  photodynamic  Bi2WO6
onto  a  platelet  membrane  (PM-Bi2WO6  NPs).  After  the
hybrid  entered  the  tumor  cells,  photoexcited  Bi2WO6

produces  enormous  quantities  of  active  substances
through  photodynamic  and  photothermal  processes,
which  could  not  only  destroy  platelet  membranes  in
hypoxic  conditions  but  also  overcome  the
immunosuppression  induced  by  myeloid-derived  suppre-
ssor  cells.  Ding  et al.  synthesized  oxygen-deficient  and
iron-doped  Bi2WO6  nanosheets  (BWO-Fe  NSs)  with
Fenton  reaction  for  enhanced  sonodynamic  therapy
against breast cancer (Ding et al., 2023).

 

5    Summary and future perspective

 5.1    Summary

In  this  study,  the  photocatalytic  properties  of  Bi2WO6-
based  materials  were  improved  through  adjusting  the
surface morphology, band gap and electron migration. In
addition,  the  advanced  applications  in  the  fields  of
environmental  pollution  remediation,  life  medicine  and
clean  energy  were  reviewed.  The  continuous  breakth-
rough of controllable preparation and modification nano-

 

 
Fig. 13    Schematic diagram of photocatalytic hydrogen production: (a) MBWO and (b) BP-Bi2WO6. Reprinted from Ref. (Hu et al.,
2019; Wu et al., 2020) with permission from The American Chemical Society and The German Chemical Society.
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structured  Bi2WO6-based  materials,  including  atomic
doping, carbon loading and heterostructural construction,
has  brought  specific  surface  area,  photoelectron-hole
migration  ability,  visible  light  response  range  and  band
gap  width,  etc.,  thus  exerting  a  significant  role  in
improving photocatalytic performance.
Since  the  photocatalytic  properties  of  Bi2WO6-based

materials  are  primarily  influenced  by  photoelectron-hole
migration and visible light absorption range, the effective
improvement  on  their  surface  structure  and  bonding
bonds  are  vital  factors  to  determine  the  photocatalytic
performance.  For  example,  the  successful  loading  of
Bi2WO6  on  the  modified  carbon-based  material  may
achieve effective photogenic electron transfer and adsorp-
tion-removal  of  pollutants  in  the  composite  material,
exhibiting strong chemical and structural advantages. The
photocatalytic  process  produces  strong  oxidizing  holes,
which can achieve efficient removal of organic matter. In
addition,  the  photogenerated  electrons  formed  may
achieve  CO2  reduction  and  water  decomposition,
effectively  realizing  the  conversion  of  solar  energy  to

chemical  energy.  During  the  photocatalytic  process,  the
Bi2WO6-based  material  will  release  numerous  active
substances,  which  can  also  be  used  as  a  medium  for
tumor photodynamic therapy.

 5.2    Future perspective

However,  there  are  still  some  shortcomings  in  the
research  of  Bi2WO6-based  materials.  The  existing
limitations  should  be  further  considered  in  the  future
studies.
1) Machine learning is expected to be incorporated into

the  construction  process  of  Bi2WO6-based  materials  to
assist  in  modifying  photocatalysts  in  a  data-driven
manner, which can realize full exposure of active sites in
the structure of Bi2WO6 perovskite.
2)  Although  atomic  modulation  can  change  the

photocatalytic  performance  of  Bi2WO6,  it  is  difficult  to
accurately  regulate  the  atomic  sites.  Therefore,  it  is
essential  to  employ  reasonable  design  and  advanced
characterization  techniques  to  further  show  the

 

 
Fig. 14    Schematic  diagram  of  anti-tumor  mechanism:  (a)  Bi2WO6-DOX-PEG  NSs  and  (b)  PM-BiW  NPs.  Reprinted  from  Ref.
(Feng et al., 2018; Zhang et al., 2020a) with permission from Elsevier, and Wiley, respectively.
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mechanism of atomic sites in the photocatalytic reaction.
3) The modification of Bi2WO6-based materials mainly

improves  the  electron  and  hole  migration  rate  of
composites.  However,  the  mechanism of  photogenerated
carrier  migration  at  the  interface  remains  controversial.
Therefore, the in situ characterization method needs to be
developed to analyze the interfacial charge dynamics and
identify  the  photogenerated  electron-hole  migration
process at the interfacial of Bi2WO6-based materials.
4)  The  photocatalytic  process  mainly  depends  on  the

oxidation  or  reduction  of  photogenerated  carrier,  while
the contact between Bi2WO6-based materials and water is
limited.  Thus,  the active substances decrease one by one
with  the  distance  during  the  reaction.  Moreover,  it  is
essential to introduce an intermediate medium that can act
as  an  energy  medium  to  satisfy  the  homogeneous  redox
reaction in the system.
5)  To  improve  the  treatment  effect,  Bi2WO6-based

materials  may  be  effectively  combined  with  electroca-
talysis, ultrasonic and thermal catalysis to further enhance
the  release  of  active  substances  and  photocatalytic
activity.
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