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A B S T R A C T 
 

A R T I C L E    I N F O R M A T I O N 

Copper bismuth oxide (CuBi2O4) is a p-type semiconductor which is an outstanding 
representative of the spinel-type compounds. In the present article, various methods 
used for the synthesis of CuBi2O4 such as hydrothermal, co-precipitation, microwave-
assisted, mechanochemical, solid-state etc. with the feature(s) of the product obtained 
have been summarized. Furthermore, the promising potential applications of CuBi2O4 
such as in gas sensing, as a photocatalyst, as a photocathode material, in activating 
certain oxidants such as peroxymonosulfate and H2O2, and for various other 
applications have also been reviewed. Such compiled study will be useful to specialists 
dealing with CuBi2O4 and is also expected to promote the further application of 
CuBi2O4. 
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1. Introduction 

CuBi2O4 (Fig. 1) is a unique representative of the spinel-type 
compounds with the general formular AB2O4, where A represents 
a divalent metal cation and B represents a trivalent metal cation 
[1]. It is a P-type semiconductor with interesting physicochemical 
properties such as high-temperature heat capacity, magneticity, 
electrochemical capacitance, dielectricity, catalysis, and 
photoelectrochemical property [2].  

The tetragonal CuBi2O4 has a crystal structure with a three-
dimensional array of [CuO4]6− square-planar units, staggered along 
the c-axis and separated by Bi3+ ions [3]. The conduction band 
position of CuBi2O4 is (−0.6 to −0.4 eV vs. SHE), indicating that 
it has strong reduction potential [4]. Multiphonon hopping of 
charge carriers and the weak electron-phonon coupling govern the 
electrical properties of CuBi2O4 [5]. 

CuBi2O4 has a band gap of 1.5 – 1.8 eV, which makes it able to 
harness a significant portion of the visible light from the solar 
spectrum [7, 8].  

It has excellent photostability, large light penetration depth and 
good photocatalytic performance [9]. CuBi2O4 possess a 0.225 V 
positive surface photovoltage when irradiated with photons of 
energy hν > 1.8 eV, indicating holes as majority charge carriers, 
which is consistent with its p-type behaviour [10]. Although, due 
to the lack of chemical affinity with water matrix, mismatched 
band positions, recombination of the photogenerated charge 
carriers, high photostability, insufficient quantum yields, the 
performance of pristine CuBi2O4 is still not satisfactory [11]. 

Nevertheless, CuBi2O4 has been used as photocatalytic material  
[12], negative electrodes in lithium-ion batteries [13], and in gas 
sensing [14].  

 

Fig. 1. CuBi2O4 crystal structure as viewed along the c-axis. Bi, Cu, and O 
atoms are represented by blue, orange, and red spheres, respectively. 

Image reproduced with permission from Ref. [6]. 

Due to the aforementioned features and applications of 
CuBi2O4, it is necessary to summarize research results on CuBi2O4. 
This article summarized the recent research progress in CuBi2O4. 
In doing that, emphasis has been placed on the properties and 
practical applications of CuBi2O4 from various perspectives, in 
addition to adequate discussion on the frequent methods employed.
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Scheme 1. Hydrothermal preparation of CuBi2O4. Reproduced with permission from [18]. 

 
2. Synthesis of copper bismuth oxide 

Various methods including solid-state [15], drop-casting [6], 
co-precipitation [12], hydrothermal [16], mechanochemical [4], 
microwave-assisted hydrothermal [17] etc. as summarized in 
Table 1 have been reported for the synthesis of CuBi2O4. Among 
these methods, the hydrothermal synthesis is frequently reported 
and a typical representation of hydrothermal method as employed 
by Zhang et al. [18] to synthesize CuBi2O4 is shown in Scheme 1.  

A number of synthesis parameters were found to have impact 
on the features of the CuBi2O4 end-product and have been studied 
by some researchers. For instance, Gao et al. [12] studied the effect 
of reaction time on the co-precipitation synthesis of CuBi2O4. The 
samples were synthesized by varying the reaction time from 0.5 - 
12 h. In the case of the XRD results (Fig.2), samples synthesized 
at 0.5 and 1 h still contain mixture of phases. However, pure 
tetragonal phase of CuBi2O4 was formed at 3 h and longer reaction 
times. Never the less, the reaction time had clear impact on the 
morphology (Fig. 3). 

 

Fig. 2. XRD patterns of CuBi2O4 samples obtained at different reaction 
times. Reproduced with permission from [12]. 

The effects of treatment time (6 – 24 h), Cu (NO)2 to NaOH 
molar ratios (1:30 and 1:10), and Cu2+ concentrations (0.02 M and 
0.2 M) on the hydrothermal synthesis of CuBi2O4 have been 
studied by Xie et al. [16]. In Fig.4 , XRD patterns and SEM images 
of the samples prepared at 120 °C for 6 h (labelled as sample A), 
12 h (labelled as sample B, D, E, F) and 24 h (labelled as sample 
C) with Cu(NO3)2 to NaOH molar ratios of 1:30 (A, B, C, D) and 
1:10 (E, F) and Cu2+ concentrations of 0.02 M (A, B, C, E) and 0.2 
M (D, F). The influence of treatment time and Cu2+ concentration 
is insignificant on the lattice orientation and crystallinity. 

However, samples prepared at 6, 12, and 24 h have similar leaf-
like, two-dimensional nanosheet morphology (SEM images A, B, 
C). The average crystallite sizes for samples prepared at 6, 12, and 
24 h were 200, 400, 500 nm in width and 400, 700, 800 nm in 
length. The samples synthesized using Cu2+ concentrations of 0.2 
M (SEM image D) and 0.02 M (SEM image E) have agglomerated 
nanorods morphology. 

 

Fig. 3. SEM images of CuBi2O4 samples obtained at different reaction 
times. (a) 0.5 h; (b) 1 h; (c) 7 h; (d) 12 h. Reproduced with permission from 

[12]. 

In a different study, Ribeiro et al. [17] reported the rapid 
microwave-assisted hydrothermal synthesis of CuBi2O4. During 
the process, the CuBi2O4 was synthesized at different times (8 min, 
16 min, and 32 min). Based on the FESEM image presented in Fig . 
5, CuBi2O4 produced using 8 min reaction time were dominantly 
coral-shaped particles, and become spheres composed of nanorods 
with longer treatment time. However, there was no significant 
change in morphology for CuBi2O4 synthesized using 
hydrothermal treatments of 16 and 32 min. On the other hand, the 
effect of reaction time on the morphology of CuBi2O4 synthesized 
by Abdulkarem et al. [19] was found to be different. During the 
synthesis, agglomerated particles were formed at a reaction time 
of 2 h. As the reaction time increases, the nanoparticles coherently 
assembled into microrods. When the reaction time was extended 
to 12 h, the microrod split into bundled nanorods and some 
particles appeared on their surface (Fig. 6). 

The effect of cupric acetate concentration on the synthesis of 
CuBi2O4 was studied by Abdulkarem et al. [19]. They observed 
that, high concentration of cupric acetate resulted in the formation 
of irregular CuBi2O4 nanoparticles. However, as the concentration 
decreases, the particles began to agglomerate to form short rods, 
and with further decrease in concentration, nanorod morphology 
was completely formed (Fig. 7). 
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Fig. 4. XRD patterns and SEM images of the samples prepared at 
120 °C for 6 (A), 12 (B, D, E, F) and 24 h (C) with the Cu(NO3)2-to-

NaOH molar ratios of 1:30 (A, B, C, D) and 1:10 (E, F) and Cu2+ 
concentrations of 0.02 M (A, B, C, E) and 0.2 M (D, F) Reproduced 

with permission from [16]. 

Fig. 5. FESEM micrographs of CuBi2O4 at different times of synthesis. 
Reproduced with permission from [17]. 

  

Fig. 6. SEM images of samples prepared with 0.030 M cupric acetate 
for (a) 2 h, (b) 4 h, (c) 8 h and 12 h (d). Reproduced with permission 

from [19]. 

Fig. 7. SEM images of CuBi2O4 synthesized using cupric acetate concentration of 
(a) 0.061 M, (b) 0.036 M, (c) 0.030 M, (d) 0.024 M, and (e) 0.018 M. Reproduced 

with permission from [19]. 

Table 1 
Several synthesis methods to prepare pristine CuBi2O4 with its feature(s). 

No. Method Reaction conditions Feature(s) Ref. 
1. Hydrothermal 4.8507 g Bi (NO3)3 and 1.2080 g Cu (NO3)2 were dissolved in 20 mL of 

0.1 mol/L nitric acid solution. 
20 mL of 1.25 mol L−1 aqueous sodium hydroxide solution was dropped 
into this solution under vigorous stirring. 
The mixture was transferred into a 50 mL Teflon-sealed autoclave and 
the autoclave maintained at 150 °C for 24 h. 
The resultant precipitate was collected by centrifugation and thoroughly 
washed with deionized water (three times) and absolute ethanol (two 
times). 
Dried at 60 °C for 8 h. 

Particles with slightly agglomerated 
morphology and average diameter of 
60 nm. 
Band gap of 1.48 eV. 

[20] 

2. Hydrothermal 2.42 g Bi (NO3)3 5H2O, 0.6 g Cu (NO3)3 3H2O and 0.87 g NaOH were 
mixed into 80 mL deionized water and stirred for 3 h. 
Resulted slurry was transferred into a 100 mL Teflon-lined stainless-
steel autoclave, and then heated at 180 °C for 24 h. 
Formed powders were washed with distilled water for three times and 
finally dried at 70 °C in the oven. 

Smooth-faced microrods with the 
diameter of 200 nm and 4 μm in 
length. 
Band gap of 1.76 eV. 

[9] 

3. Hydrothermal 5 mmol of Bi (NO3)3·5H2O was dissolved in 60 mL deionized (DI) 
water. 
2.5 mmol of Cu (NO3)3·3H2O was mixed into the above suspension 
under vigorously stirring until Cu (NO3)3·3H2O was completely 
dissolved. 

Microspheres structure consisting of 
nanorods. 
Band gap of 1.73 eV. 

[21] 
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No. Method Reaction conditions Feature(s) Ref. 
20 mL of 1 M NaOH was added to above mixture and stirred 
continuously for 3 h. 
The mixture was then poured into a 100 mL Teflon-lined steel autoclave 
to conduct a hydrothermal procedure at 180 °C for 18 h. 
Product was washed with DI water and ethanol for several times and 
dried at 60 °C. 

4. Hydrothermal 2.42 g of Bi (NO3)3·5H2O, 0.6 g Cu (NO3)2·2.5H2O and 0.87 g NaOH 
were mixed in 80 mL of distilled water and stirred for 3 h. 
Homogeneous precursor was then transferred into 100 mL Teflon-lined 
stainless-steel autoclave, and kept at 180 °C for 24 h. 
After cooling to room temperature, the product was collected, washed 
and dried. 

Band gap of 1.76 eV. [22] 

5. Hydrothermal A mixture of 60 mL solution containing Bi (NO3)3·5H2O (1.815 g), Cu 
(NO3)2·3H2O (0.45 g) and NaOH (0.6525 g) was stirred for 3 h at room 
temperature. 
The above mixed solution was poured into 80 mL Teflon-lined steel 
autoclave and kept in an oven at 180 °C for 24 h. 
The obtained product was washed with distilled water several times and 
dried in oven for 12 h at 70 °C. 
Annealed at 450 °C with a heating rate of 10 °C /min under air 
atmosphere for 2 h 

Smooth rod-like morphology. 
200–400 nm in diameter. 
1–3 μm in length. 
Band gap of 1.79 eV. 

[23] 

6. Hydrothermal 2.42 g Bi (NO3)3•5H2O, 0.6 g Cu (NO3)2•3H2O was dissolved in 2 mol/L 
HNO3. 
pH was tuned to 11 using 1.25 mol/L NaOH. 
Mixture solution was poured into the 100 mL autoclave and heated at 
180℃ for 24 h. 
Final product was washed with distilled water and dried at 70 ℃ in a 
vacuum oven. 

Rod-like with diameter of 0.2 μm. 
 

[24] 

7. Hydrothermal 1.2 g of Bi (NO3)3·5H2O, 0.31 g of Cu (NO3)3·3H2O, and 0.44 g of 
NaOH were dissolved in 45 mL of deionized water. 
The mixture was poured into a 50 mL Teflon-lined autoclave and heated 
at 180 ℃ for 7 h. 
Product was washed with H2O and ethanol five times and dried in an 80 
℃ oven. 

CuBi2O4 shows a rod-shaped 
structure. 
Specific surface area of 15 m2/g. 
Band gap 1.70 eV. 

[11] 

8. Hydrothermal 0.6 g Cu (NO3)2·3H2O, 2.42 g Bi (NO3)3·5H2O, and 0.87 g NaOH were 
mixed into 80 mL deionized water and stirred for 3 h. 
The mixture was transferred into a 100 mL Teflon-lined stainless-
steel autoclave, and then heated at 180 °C for 24 h. 
Powder was centrifuged and washed for several times with deionized 
water and absolute ethanol, and then dried at 80 °C for 12 h. 

1D microrods structure with a length 
of ca. 2–4 μm and diameter 
of ca. 200–500 nm. 
 

[25] 

9. Hydrothermal 0.9701 g Bi (NO3)3·5H2O was dissolved in 5 mL acetic acid. 
0.2416 g Cu (NO3)2·3H2O was dissolved in 25 mL ethyl alcohol. 
The two solutions were mixed and NaOH solution was added under 
magnetic stirring at room temperature until pH 14 was reached. 
The mixture was transferred into a 100 mL Teflon-lined steel autoclave, 
and then maintained in an oven at 120 °C for various time durations. 
The obtained products were washed with ethanol and distilled water 
three times and then dried in a vacuum drying oven for 12 h at 80 °C. 

The band gap CuBi2O4 synthesized in 
15 min hydrothermal treatment 
duration could hardly be determined. 
The CuBi2O4 synthesized in 30 min 
hydrothermal treatment duration had a 
band gap of 1.75 eV. 

[26] 

10. Hydrothermal Bi (NO3)3·5H2O (1.358 g), Cu (NO3)3·3H2O (0.668 g) and NaOH (1.68 
g) were dissolved in distilled water (70 mL) and constantly stirred for 3 
h. 
The above was transferred into a 100 mL steel autoclave and heated for 
24 h at 180 °C. 
The precipitate was washed with distilled water, and dried at 60 °C for 
12 h. 

Band gap of 1.76 eV. 
A rod-like structure with a length in 
the range of 2–6 μm and an average 
diameter of about 200 nm. 

[27] 

11. Hydrothermal Cu (NO3)3·3H2O (0.60 g), NaOH (0.87 g), and Bi (NO3)3·5H2O (2.42 g) 
were placed in 80 mL of distilled water to obtain a mixed solution and 
stirred magnetically for 3 h. 
The mixture was poured into a 150 mL Teflon-lined steel autoclave and 
heated at 180 °C for 24 h. 
The product was cooled to ambient temperature, and washed four times 
with DI water. 
Dried in oven at 60 °C for 10 h. 

Rod-like morphology. 
Band gap of 1.76 eV. 

[28] 

12. Hydrothermal 60 mL mixture containing NaOH (0.02 mol), Cu (NO3)2·3H2O 
(0.002 mol) and Bi (NO3)3·5H2O (0.004 mol) was stirred for 3 h. 
The mixture was poured into an 80 mL Teflon-lined steel autoclave and 
heated at 180 °C for 24 h. 
Deionized water and ethanol were used to wash the produced samples 
several times and dried at 70 ℃ for 12 h. 

Nanorods with diameter of about 500 
nm. 
Specific surface area of 4.3 m2/g. 
Band gap of 1.79 eV. 

[29] 

13. Hydrothermal 2.42 g of Bi (NO3)3·5H2O, 0.60 g of Cu (NO3)2·3H2O and 0.87 g of 
NaOH were added into 80 mL deionized water and stirred at room 
temperature for 3 h. 
The above mixed solution was transferred into Teflon-lined stainless-
steel autoclave, heated at 180 °C in the oven for 24 h, and cooled down. 
The product was washed several times alternatively with deionized 
water and ethanol. 
Sample was dried in a vacuum oven at 70 °C overnight. 

Rod-like structure with approximately 
1 µm in length and approximately 
200 nm in diameter. 
Band gap of 1.74 eV. 

[30] 

14. Hydrothermal Bi (NO3)3·5H2O solution (20 mL, 0.04 mol/L) and Cu (NO3)2·3H2O 
solution (20 mL, 0.02 mol/L) were mixed by magnetic stirring for 
30min. 
NaOH solution (20 mL, 1.2 mol/L) was added into the above clear 
solution. 
The mixed solution was transferred into a sealed Teflon-lined autoclave 
and heated at 180 °C for 24 h. 
After cooling to room temperature, the product was washed and dried. 

Band gap of 1.77 eV [31] 
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No. Method Reaction conditions Feature(s) Ref. 
15. Hydrothermal 0.04 M Bi (NO3)3·5H2O was initially dissolved into 3 mL HNO3 under 

the acute agitation. 
20 mL of Cu (NO3)2·3H2O (0.02 M) was then mixed with the above 
solution and mechanically agitated for 30 min. 
After addition of 20 mL NaOH (1.2 M) in dropwise, the mixture was 
diluted to 70 mL and then transferred into a 100-mL sealed Teflon-lined 
stainless-steel autoclave for 24 h at 100 °C. 
The autoclave was cooled naturally to room temperature, the precipitate 
was isolated by centrifugation and washed several times with distilled 
water. 
Dried at 60 °C overnight. 

Band gap of 1.72 eV. [32] 

16. Hydrothermal 1 mmol of Cu (NO3)2·3H2O was completely dissolved in 25 mL of 
distilled water under vigorous magnetic stirring for 30 min. 
2 mmol of Bi (NO3)2·5H2O was slowly added to this solution and 
continuously stirred for another 30 min. 
25 ml of NaOH (2 M) was added dropwise to the above solution to 
attain pH 14. 
Suspension was transferred to Teflon-lined stainless-steel autoclave, 
sealed and maintained at 180 °C for 10 h. 
Cooled to room temperature, centrifuged and powder was washed 
several times with the deionized water, and then dried at 100 °C for 1 h 
in the oven. 

Sphere-shape morphology consisting 
of individual plate-like 
nanostructures. 
Band gap of 1.7 eV. 

[33] 

17. Hydrothermal 80 mL solution containing Bi (NO3)3·5H2O (0.9201 g), Cu (NO3)2·3H2O 
(0.2416 g) and HNO3 (20 mL) was stirred for 2 h at room temperature. 
pH was adjusted to 12 using NaOH. 
The mixed solution was poured into a 100 mL Teflon-lined steel 
autoclave and kept in an oven at 180 °C for 12 h. 
Obtained product was washed with distilled water several times. 
Dried in oven for 12 h at 60 °C. 

Band gap of 1.84 eV. 
BET surface area of 6.4736 eV. 

[34] 

18. Hydrothermal Cu (NO3)2·3H2O and Bi (NO3)2·5H2O were weighed with a molar ratio 
of 1:2 and added to 50 mL 0.5 mol/L nitric acid solution. 
The mixture was dissolved completely by magnetic stirring. 
2 M NaOH was slowly added to regulate the pH to 12.64. 
The mixture was stirred for 1 h to form a blue suspension. 
The mixture was kept in drying oven at 200 °C for 2 h. 
Rinsed 5 times with alcohol and deionized water. 
Dried in an oven at 85 °C for 12 h. 

Spherical shape with diameter of 3 – 
6 μm. 
Band gap of 1.65 eV. 

[35] 

19. Hydrothermal 0.0030 M Bi (NO3)3·5H2O was dissolved in 30 mL of double distilled 
water containing 1 mL HNO3, and stirred at room temperature for 30 
min. 
0.5 g of a surfactant (sodium dodecyl sulfate) was used. 
0.0016 M of Cu (CH3COO) 2.H2O added dropwise in 30 mL of water 
under constant magnetic stirring for 30 min. 
2 M NaOH was slowly dropped into the reaction solution till it reached 
the pH above 10. 
Poured into 100 mL Teflon lined autoclave and kept in a hot air oven at 
120 °C for 12 h. 
Precipitate cooled, centrifuged and washed with distilled water and 
ethanol several times. 
Dried in hot air oven. 

Spherical shaped particles with 
different diameters. 
Band gap of 1.43 eV. 

[36] 

20 Hydrothermal 1 mmol of Cu (NO3)2·3H2O and 2 mmol of Bi (NO3)3·5H2O were mixed 
into 30 mL of absolute ethanol and 5 mL of acetic acid. 
Bi (NO3)3·5H2O solution was dropped into Cu (NO3)2·3H2O solution 
and stirred for 10 min. 
2M NaOH was gradually dropped into the above mixture and the pH 
value of the solution was adjusted to 14. 
The mixture was poured into 100 mL polytetrafluoroethylene autoclave, 
and maintained at 120 °C for 1.5 h. 
Centrifuged, rinsed several times with deionized water and absolute 
ethanol. 
Dried at 60 °C overnight. 

Specific surface area of 4.02 m2/g. 
Band gap of 1.61 eV. 

[37] 

21. Hydrothermal 0.025 M of Bi (NO3)3·5H2O and 0.061 M of (CH3COO)2Cu·H2O were 
dissolved in the ethanol–water mixture (80 mL) with the volume ratio of 
ethanol and water Vethanol:Vwater = 1:1. 
NaOH solution was added to adjust pH of the above solution under 
stirring until a dark blue suspension was formed. 
The suspension remained stirring for another 30 min in an inner tube for 
autoclave. 
The autoclave with inter tube was sealed and maintained at 120 °C for 
12 h. 
After the autoclave was cooled down to room temperature, products 
were collected by centrifugation, washed for 5 times with distilled water 
and absolute ethanol, and then dried at 80 °C for 8 h. 

Nanoparticles with size of 50 – 100 
nm. 

[19] 

22. Microwave-assisted 
hydrothermal 

20 mL of a 0.03 M solution of Bi (NO3)3·5H2O, 3 mL of HNO3 and 
20 mL of 0.015 M solution of Cu (NO3)2·3H2O under constant magnetic 
stirring until complete solubilization. 
60 mL of 1.25 M solution of NaOH was added to the capsule which was 
then autoclaved. 
The microwave treatment was performed at 100 °C for 32 min. 
Product cooled naturally to room temperature, recovered by 
centrifugation, washed twice in water, and then dried in air at 60 °C for 
12 h. 

Band gap of 1.80 eV [17] 

23. Co-precipitation 2 mmol of Cu (NO3)2·3H2O, 4 mmol of Bi (NO3)3·5H2O and 5 mmol of 
KCl were successively dissolved in 20 mL of dilute nitric acid solution 

Dumbbell-like architecture built from 
nanorods. 
Absorption edge at 657.4 nm. 

[12] 
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No. Method Reaction conditions Feature(s) Ref. 
(2 mL HNO3 + 18 mL distilled water) to form a uniform mixture 
solution. 
9.6 g of NaOH dissolved in 60 mL of distilled water was then dropped 
slowly into the above mixture solution under constant stirring, during 
which time a suspension was immediately formed. 
The suspension was magnetically stirred for another 12 h at a 
temperature of 15 °C. 
The produced precipitate was collected and washed with distilled water 
(3 times) and ethanol (2 times), followed by drying at 60 °C for 12 h. 

24. Co-precipitation 0.05 M Bi (NO3)3·5H2O and 0.05 M Cu (NO3)2·3H2O was prepared in a 
50 mL HNO3. 
2 M NaOH was gradually added drop by drop to the mixed solution 
while stirring continuously, resulting in the immediate formation of a 
suspension solution. 
A brown precipitate gradually formed during continuous magnetic 
stirring of the suspension for 10 h at room temperature. 
The collected precipitate was washed with distilled water and ethanol, 
and then dried in hot air oven at 100 °C for 2 h. 
Product was obtained after calcining the gel at 600 °C for 3 h. 

Surface area of 4.3272 m2/g. 
Band gap of 2.9 eV. 

[38] 

25. Solid-state 1.552 g of Bi (NO3)3·5H2O, 0.3866 g of Cu (NO3)2·3H2O and 1.92 g of 
NaOH were mixed together. 
This was followed by a ball-milling reaction for 2 h at room temperature 
using the planetary ball-mill (QM-3SP04) at the rotation speed of 
480 rpm. 
The resulting product was washed with deionized water and absolute 
ethanol for several times, and then dried under vacuum at 60 °C for 8 h. 

Band gap of 1.56 eV. 
 

[15] 

26. Pechini 1 mol of citric acid was dissolved in 4 mol of ethylene glycol with 
constant stirring at room temperature for 24 h to obtain a transparent 
solution. 
0.0333 mol of copper (II) chloride dihydrate and 0.0667 mol of bismuth 
(III) chloride were dissolved in the solution and stirred at 90 °C for 5 h 
to form a metal−citric acid complex through a chelating process. 
The solution was then stirred at 140 °C for another 16 h for 
polyesterification. 
The polymeric product was decomposed to a black powder via pyrolysis 
at 400 °C for 5 h in air, and then it was grounded. 
Calcination was performed between 500 and 700 °C for 6 h at heating 
rate of 5 °C/min. 

Calcination at higher temperature 
results in an increase in the particle 
size. 
Increase in calcination resulted in a 
decrease in surface area. 
A decrease in the band gap energies 
with increase in the calcination 
temperature was observed. 

[5] 

27. polyacrylamide gel 
route 

0.01 mol of Bi (NO3)3·5H2O and 0.005 mol of Cu (NO3)2·3H2O were 
dissolved in 30 mL of dilute nitric acid solution. 
0.0225 mol of tartaric acid, 20 g of glucose, and 0.135 mol of 
acrylamide were successively added to the above solution, under 
continuous magnetic stirring. 
The above solution was made up to 100 mL by adding distilled water, 
and then heated up to 80 °C and maintained at this temperature on a hot 
plate for 3 h. 
The formed gel was dried at 120 °C for 12 h in a thermostatic drier, and 
the obtained xerogel was grounded in a mortar. 
Calcined at 600 °C for 10 h in a tubular furnace. 

Average particle size of 550 nm. 
BET specific surface area of 12.4 
m2/g. 
Band gap of 1.89 eV. 

[2] 

28. Mechanochemical Grinding Bi2O3 and CuO at 1:1 molar ratio using a ball mill (Pulversitte-
7, Fritsch, Germany) in an air atmosphere with a ZrO2 milling vessel 
(45 cm3 inner volume) and ZrO2 balls (7 pieces of 15 mm in diameter). 
Milling speed of 600 rpm, and the milling time of 2 h. 

Band gap of 1.48 eV [4] 

29. Electrochemical DMSO solution containing 20 mM Bi (NO3)3·5H2O, 10 mM Cu 
(NO3)2·2.5H2O, and 100 mM KClO4 was used as the plating solution. 
Deposition was carried out by passing 0.04 C/cm2 at E = −1.5 V vs 
Ag/AgCl, followed by resting time of 2 s. 
This cycle was repeated 10 times to pass a total charge of 0.40 C/cm2. 
Cu/Bi films were heated at 450 °C for 3 h in air (ramping rate = 3.5 
°C/min) to form CuBi2O4 films. 

Band gap of ~ 1.8 eV. [7] 

30. Drop-casting Bi (NO3)3·5H2O was dissolved in acetic acid at a concentration of 0.1 
M. 
Cu (NO3)2·3H2O was dissolved in ethanol at 0.0125 M. 
1 part 0.1 M Bi (NO3)3·5H2O in acetic acid mixed with 4 parts 0.0125 M 
Cu(NO3)2·3H2O. 
25 μL/cm2 (substrate area) of the precursor solution was drop-cast onto a 
substrate lying flat in a muffle furnace under ambient conditions. 
Immediately after drop-casting the furnace was heated to 60 °C with a 
ramp rate of 5 °C/min and held for 1 h. 
It was subsequently heated to 450 °C with a ramp rate of 10 °C/min and 
held for 2 h. 
Drop-casting was repeated using same procedure to increase film 
thickness. 

Reticulated nanostructure consisting 
of open windows and struts. 

[6] 

 

 
3. Applications of CuBi2O4 

3.1. As a photocatalyst 

In the field of organic pollutants degradation, CuBi2O4 has 
attracted significant attention due its tetragonal spinel structure and 

excellent spectral response range [39]. Furthermore, the 
photocatalytic performance of CuBi2O4 has been enhanced by co-
catalyst deposition, exploring material morphology, and formation 
of heterojunctions with other semiconductors or structure doping 
[40]. The studies reporting the application of CuBi2O4 -based 
photocatalysts to degrade organic pollutants are quite significant 
(Table 2). Muankaew et al. [38] synthesized CuBi2O4 via co-
precipitation and microwave-assisted for the photocatalytic 
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degradation of malachite green dye. Due its flower-like 
morphology and large surface area, the performance by the 
CuBi2O4 synthesized via microwave assisted is higher than the 
photocatalytic performance of CuBi2O4 synthesized via co-
precipitation. In some cases, such as in the study by Xie et al. [16] 
and Chen et al. [41], the photocatalytic performance of CuBi2O4 
towards degradation of pollutants was tested in the presence of 
H2O2. There was also a unique approach by Cao et al. [42] to 
enhance the visible light driven photocatalytic activity of CuBi2O4 
through its piezoelectric response. Following bi-harvesting of 
photo- and vibration energies, 98.1% Rhodamine B (RhB) was 
degraded, which is higher than ∼38.7% degraded as a result of 
single photocatalysis and ∼72.8% degraded due to single 
piezocatalysis. Such enhanced performance by CuBi2O4 is 
attributed to the intensified separation of charge carriers under the 
piezoelectric potential.  

 Besides photocatalytic degradation of organic pollutants in 
wastewater, the inactivation of pathogenic and harmful 
microorganisms is another issue receiving significant attention. 
There is a study by Shi et al. [24] involving the photocatalytic 
disinfection of Escherichia coli (E. coli) using CuBi2O4. Although 
the performance displayed by pristine CuBi2O4 is limited, 
however, the use of CuBi2O4 /Bi2MoO6 resulted in an enhanced 
performance. The mechanism of photocatalytic disinfection 
towards E. coli of CuBi2O4 /Bi2MoO6 heterojunctions was 
attributed to the cell-membrane disruption, leakage and damage of 
cellular content including total protein and DNA. Similarly, Liu et 
al. [11] reported the photocatalytic inactivation of Escherichia coli 
(E. coli) and Staphylococcus aureus (S. aureus) using CuBi2O4. 
Moreover, Zhou et al. [43] also reported the photocatalytic 
degradation of gaseous benzene using CuBi2O4.   

There was a study by Arai et al. [44] involving the oxidation of 
acetaldehyde into CO2 over CuBi2O4/WO3 photocatalyst. 
Although, no CO2 generation was observed over the pristine 
CuBi2O4 catalyst and the CO2 generation over WO3 is minimal, 

however, there was complete photooxidation of acetaldehyde (ca. 
9000 ppm) into CO2 (ca. 18 000 ppm) within 3 h by CuBi2O4 /WO3. 
The use of CuBi2O4 photocatalyst for the selective oxidation of 
benzyl alcohol has also been reported [37]. In addition, the use of 
CuBi2O4 for the photoreduction of CO2 has been reported by 
Ribeiro et al. [17], and approximately 90% in the conversion of 
CO2 to CH4 was achieved. In a different study, Lahmar et al. [45] 
reported the use of CuBi2O4 for the photocatalytic reduction of 
chromate. Although, the reduction was minimal in the presence of 
pristine CuBi2O4, however, 98% reduction was achieved for 30 
mg/L 〖HCrO〗_4^- in less than 4 h at pH ~4 using optimised 

CuBi2O4 /TiO2 heterosystem.  

3.2. As a photocathode material 

The use of CuBi2O4 as a photocathode material for 
photoelectrochemical water splitting owing to its positive flat band 
potential vs the reversible hydrogen electrode and extended 
visible-light absorption has been reported [3]. The process 
involves using a device immersed in an electrolyte under light 
illumination to produce hydrogen and oxygen. Berglund et al. [6] 
reported the use of CuBi2O4 as a photocathode material for 
photoelectrochemical water splitting. In addition, Hahn et al. [46] 
also reported the electrochemical synthesis of P- CuBi2O4 for the 
photoelectrochemical hydrogen production. However, they 
observed that electronic properties of P- CuBi2O4 needs to be 
improved using more efficient thin film synthesis techniques 
and/or doping to produce a more viable P- CuBi2O4 ¬ for the 
photoelectrochemical hydrogen production from water. Besides 
hydrogen production, Sun et al. [47] reported the use of CuBi2O4 
photocathode with integrated electric field for H2O2 production. 
The synergy of photothermoelectricity and photoelectricity 
resulted in enhanced H2O2 production, 2.4 times higher than 
CuBi2O4.  

Table 2 
Photocatalytic degradations of organic pollutants using pristine and coupled CuBi2O4 photocatalysts. 

Catalyst Pollutant Light source Concentration Degradation/Time (%/min) Ref. CuBi2O4 Coupling system 
AgI/CuBi2O4 Tetracycline Visible 10 mg/L 29/60 min 80/60 min [9] 
AgBr/CuBi2O4 Tetracycline Visible 10 mg/L 29/60 min 90/60min [9] 
CuBi2O4/NaTaO3 Methylene blue Visible 20 mg/L < 10/100 min >95/100 min [20] 
CuBi2O4/CuO Methylene blue Solar irradiation 30 mg/L 8/60 min 18.3/60 min [40] 
BiOCl/CuBi2O4 Diclofenac Visible 50 mg/L 3/60 min 90/60 min [21] 
CQDs/CuBi2O4 Rhodamine B Simulated sunlight 5 mg/L 85.6/60 min 90.6/60 min [12] 
Ag-CuBi2O4 Rhodamine B Simulated sunlight 2 mg/L 74.2/60 min 91.7/60 min [2] 
Ag-CuBi2O4 Phenol Simulated sunlight 2 mg/L 62.8/60 min 79.4/60 min [2] 
N-BiOBr/CuBi2O4 Tetracycline Visible 20 mg/L 20/60 min 94%/60 min [39] 
CuBi2O4/MoS2 Tetracycline Visible 10 mg/L 36/120 min 76/120 min [22] 
CuBi2O4/Bi2MoO6 Tetracycline Visible 20 mg/L 9.2/60 min 72.8/60 min [48] 
CuBi2O4/Bi2MoO6 Oxytetracycline Visible 20 mg/L < 10/60 min 74/60 min [48] 
CuBi2O4/Bi2MoO6 Chlortetracycline Visible 20 mg/L < 10/60 min 74.4/60 min [48] 
CuBi2O4/Bi2MoO6 Ciprofloxacin Visible 20 mg/L < 10/60 min 36.7/60 min [48] 
Bi2WO6/CuBi2O4 Tetracycline Visible 15 mg/L 44/60 min 94/60 min [23] 
Ag3PO4/CuBi2O4 Tetracycline Visible 10 mg/L 45/60 min ~75/60 min [49] 
CuBi2O4/Bi4O5I2 Tetracycline LED 20 mg/L 9.78/90 min 81.67/90 min [11] 
CuBi2O4/CoV2O6 Tetracycline Visible 20 mg/L 9.2/120 min 77/120 min [25] 
CuBi2O4 Methylene blue Visible 0.02 mM 91/30 min - [26] 
Bi2MoO6/CuBi2O4 Ciprofloxacin Visible 10 mg/L 25.8/180 min 90.2/180 min [50] 
CuBi2O4/polyaniline Ammonia LED 30 mg/L 70/180 min 96/180 min [51] 
Au/CuBi2O4 Tetracycline Visible 10 mg/L 52/120 min 93/120 min [27] 
Ag-CuBi2O4 Methyl orange Visible 1 × 10–5 mol dm–3 49.61/80 min 66.43/80 min [52] 
Ag-CuBi2O4 Methylene blue Visible 1 × 10–5 mol dm–3 54.55/80 min 65.89/80 min [52] 
CuBi2O4/In2O3 Methylene blue Visible 10 mg/L 66/80 min 97/80 min [28] 
CuBi2O4/Bi2WO6 Tetracycline Visible 20 mg/L 36/120 min 93/120 min [53] 
CuBi2O4/Bi2WO6 Ciprofloxacin Visible 10 mg/L 26/180 min >90/180 min [4] 
RGO/CuBi2O4 Methylene blue Visible 10 mg/L 45/70 min 95/70 min [54] 
RGO/CuBi2O4 Methyl orange Visible 10 mg/L 40/100 min 87/100 min [54] 
BiPO4/CuBi2O4 Tetracycline Simulated sunlight 40 mg/L 33.1/90 min 87.5/90 min [30] 
Bi2O3/CuBi2O4 17-α Ethinylestradiol Visible 10 mg/L 21/120 min 74.3/120 min [55] 
Bi2O2CO3/CuBi2O4 Malachite green Simulated sunlight 200 mg/L 68/180 min 91.6/180 min [56] 
CuBi2O4 Diclofenac Visible 10 mg/L 67.12/120 min - [32] 
CoTiO3/CuBi2O4 Direct red 16 LED 5 mg/L ~55/90 min 91/90 min [33] 
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3.3. Gas-sensing applications 

The use of CuBi2O4 for the sensing of various reducing gases 
(C2H5OH, NH3, H2, CO, and H2S) and oxidizing gas (NO2) has 
been reported by Choi et al. [5]. The gas-response and sensor 
resistance characteristics were found to be dominantly affected by 
the concentration of intrinsic defect in CuBi2O4. Interestingly, 
CuBi2O4 sensor with the 500 °C calcined powder showed the 
highest gas responses with the highest defect concentration. Also, 
Xu et al. [57] reported the use of CuBi2O4 in the sensing of 
formaldehyde, methanol, ethanol and ammonia gases.   

3.4. Activation of peroxymonosulfate (PMS) / 
peroxydisulfate (PDS)  

The sulfate radical (𝑆𝑆𝑂𝑂4•−) based advanced oxidation processes 
has been effective in remediating wastewater polluted by varieties 
of organic pollutants. Compared to 𝑂𝑂𝑂𝑂 

• , the 𝑆𝑆𝑂𝑂4•− has a longer 
half-life (30 – 40 µs), higher redox potential (2.5 – 3.1 V versus 
SHE, depending on pH), higher selectivity and wider use [58, 59]. 
In addition, under neutral or alkaline conditions, the 𝑆𝑆𝑂𝑂4•− can be 
converted to 𝑂𝑂𝑂𝑂 

•  thereby expanding wastewater remediation 
scope of PS/PMS [60]. The 𝑆𝑆𝑂𝑂4•− is usually generated through 
activation of persulfate (PS, 𝑆𝑆2𝑂𝑂82−) or peroxymonosulfate (PMS, 
𝐻𝐻𝐻𝐻𝑂𝑂5−) via auxiliary methods such as photochemical, thermolysis, 
transition metal ions, carbon materials etc. [61]. Zhang et al. [62] 
conducted a study involving the use of CuBi2O4 as a photoactivator 
of PMS for degradation of antibiotics. The degradation efficiency 
towards ceftiofur by CuBi2O4/PMS was around 20%, while that of 
CuBi2O4/light/PMS was more than 60%, indicating that CuBi2O4 
is an effective photoactivator for PMS.  

In a different study, Oh et al. [63] conducted a study on 
hierarchically-structured Co-CuBi2O4 and Cu–CuBi2O4 for 
sulfanilamide removal via peroxymonosulfate activation. They 
found that catalyst loading was the secondary factor influencing 
the degradation compared to Oxone® dosage in the case of Cu–
CuBi2O4/PMS. However, a reverse trend was observed in the case 
of Co–CuBi2O4/PMS, an indication that Co–CuBi2O4 is a better 
catalyst for the activation of PMS than Cu–CuBi2O4. Besides PMS, 
Sabri et al. [64] reported the use of CuBi2O4 in the persulfate-
assisted photocatalytic degradation of dyes. Peng et al. [65] and 
Wang et al. [66] reported peroxydisulfate activation over a 
CuBi2O4 catalyst for degradation of organic pollutants. 

3.5. For use in electrochemical sensors 

Nowadays, due to their simplicity, versatility, and fast response 
features, electrochemical sensors represent the main category of 
sensors. Although carbon-based sensors are frequently used in this 
regard, nevertheless, the rate of electron transfer at the carbon 
surface is slow. Dumitru et al. [67] reported the use of CuBi2O4 in 
sensitive amperometric/voltammetric detection of amoxicillin in 
aqueous solutions. Also, Gudipati et al. [68] reported the 
electrochemical detection of 4-nitrophenol on nanostructured 
CuBi2O4.    

3.6. Others 

Another potential application of CuBi2O4 is to activate H2O2 
by serving as a Fenton catalyst. The Fenton reaction is famous 
among the advanced oxidation processes (AOPs) used in waste 
water remediation. For instance, Liu et al. [69] reported the use of 
CuBi2O4 as catalyst for the removal of ciprofloxacin in photo-
electro-Fenton-like system. Similarly, Cheng and Wang [70] 
reported the use of CuBi2O4 as anode material as a high-capacity 

and cycle-stable anode material for Li recharge batteries. Due to 
the short diffusion length of Li ions in the 2-dimensional structure, 
the as-prepared sample delivered a higher capacity, outstanding 
cycling stability, and high-rate capability. All these are indications 
that the sample could replace commercial graphite anodes in Li-
ion batteries 

 
4. Conclusion 

CuBi2O4 is a p-type semiconductor and a unique representative 
of the spinel-type compounds. Based on the survey of recent 
literature, various methods including hydrothermal, co-
precipitation, microwave-assisted, mechanochemical, solid-state 
etc. have effectively been used to synthesize CuBi2O4 of different 
morphologies, particle sizes, band gaps, surface areas etc. The 
material was found to be promising and has effectively been used 
in the field of photocatalysis, gas sensing, photoelectrochemical 
water splitting, activating peroxymonosulfate/peroxydisulfate etc. 
to fulfil various demands. Although, the present study is expected 
to facilitate the growth of research interest in CuBi2O4, 
nevertheless, future researchers are encouraged examine the 
toxicity and also explore more potential applications of CuBi2O4. 
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