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a b s t r a c t
Photoelectrocatalytic oxidation based on noble/semiconductor has been a renewed interest in the past
decades. The lack of high-performance semiconductor support remains a challenge for the harvesting
and conversion of solar energy. Here, we report the syntheses of two dimensional (2D) BiOBr nanosheets
with the superiorities of suitable band gaps, nontoxic, corrosion resistant and so on. These features enable
them unprecedented performance for acting as the visible-light-driven support towards alcohol oxidation. Firstly, the pure BiOBr nanosheet has negligible activity towards alcohol oxidation. After the deposition of Pt nanoparticles (NPs), the as-prepared Pt-BiOBr composites show superior electrocatalytic
activities towards ethanol and methanol oxidation reaction under visible light irradiation, with the mass
1
activities of 929.8 mA mg1
Pt and 751.7 mA mgPt , 6.0 and 28.4-fold enhancements than those under dark
condition, respectively. The great enhancement in the photoelectrocatalytic performances can be attributed
to the unique 2D nanostructure, synergistic and photocatalytic effects. This work may pave up a new route
for designing the desirable semiconductor supports for the decoration of the noble metal catalysts, showing
significant promise for the application of fuel cells.
Ó 2018 Published by Elsevier Inc.
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The depletion of traditional fossil fuel accompanying with serious energy crisis and environmental pollution have stimulated
increasing interests for searching for more efficient, and green
power plants with advanced technology [1,2]. Since environmental
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protection concerns are getting more popular over last decades,
both clean energy and sustainable fuel technologies are being
intensively pursued and investigated [1–4]. Direct alcohol fuel cells
(DAFCs), with the features of high efficiency and high power density, have attracted extensive attentions for serving as the alternative energy technology [3–6]. As the central component of the
typical fuel cells technology, the anode catalysts can determinate
their ultimate properties [5,6]. Currently, Pt and Pt-based nanocatalysts have been generally recognized as the most efficient electrocatalysts for the fuel cells [4–7]. However, some major issues
regarding the bare Pt catalyst such as high cost, limited reaction
kinetics and poor CO tolerance have severally restricted its largescale commercialization [5–9]. Accordingly, intensive attentions
have been focused on the exploitation of high performance yet
low-cost electrocatalysts for the DAFCs in recent years.
Recently, photo-assisted fuel cell systems by using noble metal/
semiconductor (such as TiO2) has now been one of the hottest
worldwide research aspects, which can alleviate some serious
problems such as energy shortage and environmental pollution
to some extent [10–21]. On one hand, the semiconductor materials
can be utilized as the ideal support, which can provide more surface active areas available for small organic molecules, boosting
the electrocatalytic oxidation of alcohol. On the other hand, the
synergistic and electronic effects originated from the noble metal
and semiconductor are favorable for the substantial enhancement
of the electrocatalytic performances. More importantly, the semiconductor materials have powerful oxidation capability for the
alcohol oxidation under the light irradiation through synergistic
electrocatalytic and photocatalytic process [20,21]. Update, most
semiconductor materials used for photoelectrocatalytic oxidation
were based on the conventional TiO2. Nonetheless, the photoelectrocatalytic performances of TiO2 have been severally limited due
to the fact that the photocatalytic efficiency highly relies on the
separation rate of photogenerated electron-hole pairs of photocatalysts, and the photogenerated electron–hole pairs of TiO2 tend
towards rapid recombination on its surface [22]. Besides, TiO2 is
the UV-activated semiconductor, therefore, there are limited promotions on the alcohol electrooxidation under visible light irradiation, whereas visible light accounts for ca. 45% in our solar
energy spectrum [23,24]. In this regard, exploiting visible lightactivated semiconductor materials with high performance towards
alcohol oxidation have been urgently sought.
As a series of visible light-activated semiconductor materials,
two dimensional (2D) bismuth oxyhalides (BiOX, X = Cl, Br, and I)
materials have attracted increasing focuses in various photocatalytic application due to their abundant advantages, such as suitable band gaps and excellent electrical property [25–28]. Among
them, the BiOBr has been generally recognized as an efficient
visible-light boosted photocatalyst because of its outstanding photocatalytic activity and chemical stability under visible light irradiation [29]. To this end, it is meaningful for us to explore the
potential application of visible light activated 2D BiOBr supported
Pt NPs for the electrooxidation of alcohol under visible light
irradiation.
Herein, we reported the syntheses of Pt NPs supported by the
visible-light-driven 2D BiOBr nanosheets through a hydrothermal
method. The 2D Pt–BiOBr nanocomposites are used for the electrooxidation of methanol and ethanol under the visible light irradiation. Compared to the dark condition, the Pt–BiOBr nanocatalysts
displayed 6.0 and 28.4-fold enhancements in mass activity towards
ethanol and methanol oxidation, respectively. More interestingly,
in virtue of the electrocatalytic and photocatalytic effects, the asobtained Pt–BiOBr nanocatalysts under the assistance of visible
light also show superior long-term stability than that under dark
condition, indicating that the 2D BiOBr can be served as the

promising visible light activated support for the application of fuel
cells and beyond.
2. Experimental section
2.1. Materials
Bismuth nitrate pentahydrate (Bi(NO3)35H2O), potassium bromide (KBr), chloroplatinic acid hexahydrate (H2PtCl66H2O),
methanol (CH3OH), ethanol (CH3CH2OH), potassium hydroxide
(KOH), and all other chemicals were purchased from Sinopharm
Chemical Reagent Co., Ltd. without purification before use.
2.2. Synthesis of BiOBr nanosheets
The BiOBr nanosheets were prepared using a facile hydrothermal method. Firstly, 0.97 g Bi(NH3)35H2O and 0.24 g KBr were
added in 10 mL of ethanol-H2O mixture solution (Vethanol:Vwater =
1:1), respectively with ultrasonication well. After that, the solution
of KBr solution was slowly added dropwise to the Bi(NH3)3 solution
for ultrasonically 30 min. After that, the solution was transferred to
a 25 mL Teflon autoclave and held at 160 °C for 2 h. After reaction,
the autoclave was cooled to room naturally and the products were
washed by water and ethanol three times, respectively. Finally, the
samples were dried in oven at 80 °C, resulting in BiOBr nanosheets.
2.3. Preparation of Pt-BiOBr nanostructures
The Pt deposited BiOBr nanocomposites were obtained by the
hydrothermal method. 20 mg BiOBr and 0.3 mL (c = 3.8  102
mol L1) H2PtCl6 were added in 20 mL of ethanol-H2O mixture
solution (Vethanol:Vwater = 1:1) and with ultrasonication for 1 h.
Then, the solution was transferred to a 25 mL Teflon autoclave
and held at 140 °C for 4 h. After that, the products were washed
by water and ethanol three times, respectively, and then dried in
oven at 80 °C, resulting in 10% (wt%) Pt decorated on the surface
of BiOBr nanostructures. In order to find which ratio led to the best
catalytic activity, 5%, 7.5%, and 20% (wt%) Pt NPs were decorated on
BiOBr with the same procedure.
Pt-BiOBr modified electrode coated on glassy carbon electrode
(GCE, 3 mm in diameter) was synthesized as follows: 4 mg PtBiOBr powders were dispersed into 2 mL water–ethanol mixtures
(Vethanol:Vwater = 1:1) and 20 lL Nafion (5%, DuPond, USA) under
ultrasonication for 30 min. After that, 5 lL of above suspension
was deposited on a pre-polished GCE surface and dried at room
temperature, resulting in Pt-BiOBr modified electrode. The content
of Pt species loaded on the GCE surface was ca. 1 lg. The pure
BiOBr modified electrode was prepared by same method expect
4 mg BiOBr was used.
2.4. Characterizations
The morphology and structure of the products were analyzed by
the scanning electron microscope (SEM, S–4700, JSM-6330FT) and
the attached energy dispersive X-ray (EDX) was used for elemental
detection, and transmission electron microscope (TEM, TecnaiG220). UV–vis diffuse reflectance spectra (DRS, UV–VIS-NIR Shimadzu UV3150, Japan) were recorded to study the optical
properties of samples. The X-ray photoelectron spectroscopy
(XPS) measured on an ESCALab220i-XL electron spectrometer
was employed to study the compositions. All the electrochemical
measurements were conducted on electrochemical workstation
(CHI 660E) included a standard three–electrode configuration by
using Pt wire, saturated calomel electrode (SCE), L-type glassy
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carbon electrode (GCE) as counter, reference, and working electrodes, respectively. A 150 W Xe arc lamp equipped with a UV
cut-off filter (400 nm) was utilized as the visible-light source.
3. Results and discussion
Experimentally, the 2D BiOBr nanosheets were fabricated by
the robust hydrothermal method. The morphologies of the BiOBr
nanosheets were firstly analyzed via the SEM. As shown in
Fig. 1A and B, the products consisted of sheet-like structure with
the size ranges from 500 nm to 2 lm, indicating the high-yield
syntheses of 2D BiOBr nanosheets. Moreover, the representative
TEM images also indicated the formation of 2D nanosheets, which
could thus serve as the ideal support for the decoration of Pt NPs.
As shown in Fig. 1C–E, it can be seen that abundant Pt NPs have
dispersed uniformly on the surface of 2D BiOBr nanosheets, suggesting the successful deposition of Pt NPs. The average diameter
of Pt nanoparticles was calculated to 3.77 and 3.96 nm (Fig. S1).
Moreover, from high resolution TEM image (HRTEM, Fig. S2), clear
lattice fringes with d-spacing of 0.23 and 0.28 nm corresponds to
the (1 1 1) and (1 0 2) planes from Pt NPs and BiOBr, respectively
[21,30].
Besides, the XPS spectra have been employed to investigate the
chemical composition and interaction between and Pt and BiOBr in
samples, as shown in Fig. 2. Remarkably, in the pure BiOBr sample,
two characteristic peaks located at the binding energy ca. 159.6
and 164.9 eV are corresponded to Bi 4f7/2 and Bi 4f5/2, respectively
(Fig. 2A). More interestingly, when coupling with Pt, the Bi
4f7/2 and Bi 4f5/2 peaks in Pt-BiOBr shifted to 159.8 and 165.2 eV,
respectively. For Br 3d in the sample of BiOBr, two characteristic
peaks corresponding to the binding energies for Bi 3d5/2 and Bi
3d3/2 are detected at ca. 68.5 and 69.6 eV, respectively. The simi-
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lar shift can also be observed in the Br 3d spectra in the Pt-BiOBr
nanocomposites (Fig. 2B), which can be attributed to the interactions and charge transfer between Pt and BiOBr [20]. Beside Bi 4f
and Br 3d, apparently, two typical peaks presented at the binding
energies of 71.5 and 75.1 eV are corresponded to Pt 4f7/2 and Pt
4f5/2 metallic states (Fig. 2B) [31], respectively, indicating the successful deposition of metallic Pt on the surface of 2D BiOBr
nanosheets.
In order to confirm the different weight ratio of Pt on the surface of BiOBr, as-prepared Pt-BiOBr with different weight ratio
were investigated by EDX spectra. As shown in Fig. S3, all elements
of Pt-BiOBr were successfully determined in the as-prepared by
EDX, further suggesting the formation of Pt decorated with BiOBr
in all samples. Moreover, the weight amounts of Pt are determined
to be 5.45%, 7.67%, 10.10%, and 21.36%, respectively, which is consistent with the theoretical amount of Pt in our preparation
process.
For analyzing the optical properties of the as-obtained 2D BiOBr
nanosheets, we have also carried out the UV–vis diffuse reflectance
measurement. As it can be seen in Fig. 3, the typical absorption
edge around 448 was corresponding to the adsorption of BiOBr.
After the Pt nanoparticles were decorated on the surface of BiOBr,
the absorption edge was shifted to 452 nm. Besides, a tail absorption was detected in the visible region because of the presence of
black color of metallic Pt. This phenomenon indicating the basic
optical property of semiconductor BiOBr, which may thus serve
as the visible light activated photoelectrocatalysts for the electrooxidation of alcohol [32].
Besides, for further studying the photoelectrochemical properties of the as-prepared Pt-BiOBr nanocomposites, the linear sweep
voltammetry (LSV) of the Pt-BiOBr nanocomposites towards
methanol and ethanol oxidation under visible light irradiation

Fig. 1. (A and B) SEM images of BiOBr nanosheets. (C, D, and E) TEM images of Pt-BiOBr with different magnifications.

198

J. Hu et al. / Journal of Colloid and Interface Science 524 (2018) 195–203

Fig. 2. XPS spectra of (A) Bi 4f and (B) Br 3d + Pt 4f of (a) BiOBr and (b) Pt-BiOBr nanocomposites.

Fig. 3. UV–vis diffuse reflectance spectra of BiOBr and Pt-BiOBr products.

and dark condition have also been conducted. As it can be seen in
Fig. 4A and B, the onset potentials of shifted to more negative
potential when compared to that under dark condition, indicating
the better alcohol oxidation capability. Additionally, at a given
potential of 0.25 V, the current density of Pt-BiOBr electrode
was 101.2 mA mg1
Pt towards methanol oxidation reaction (MOR)
under visible light illumination, which was ca. 4.8 times higher than
that of Pt-BiOBr without light irradiation (21.0 mA mg1
Pt ). From
Fig. 4B, we can find that the current density of Pt-BiOBr electrode
at the given potential of 0.3 V was 161.4 mA mg1
Pt , which was
6.8 times higher than that of Pt-BiOBr electrode without visible light
irradiation (23.6 mA mg1
Pt ). Both the negative onset potential and
enhanced current density are attributed to the 2D BiOBr, which
not only acts as the photocatalyst to generate photogenerated
charges but also boost Pt NPs well dispersion. The photoelectric
properties of the as-obtained products were evaluated via employing
the photocurrent response, as shown in Fig. 4C and D, the responsive
photocurrents of Pt-BiOBr with intensity of ca. 0.038 mA cm2 and
0.16 mA cm2 for MOR and EOR were observed, 1.3 and 1.4 times
higher than the BiOBr nanosheets, respectively. The photocurrent
responses were also repeatable during on/off cycles upon light illumination, indicating the better photoelectric properties of the PtBiOBr nanocomposites.
To demonstrate the superior electrocatalytic performances of
the Pt-BiOBr modified electrode, we here selected the MOR and
EOR as the model reactions to evaluate its electrocatalytic properties. Fig. 5 and Fig. S4 showed the cyclic voltammogram (CV)
curves of the Pt-BiOBr modified electrode towards MOR and
EOR under dark condition or visible light. As seen in Fig. 5A

and B, the optimum weight amount for Pt NPs loaded on the surface of BiOBr is 10 wt%. When further increasing amount of the
Pt NPs, the mass activity decreased, which account for the accumulation of over-loading amount of Pt NPs [33]. The BiOBr
nanosheets and GCE electrode have none obviously electrocatalytic activities towards alcohol oxidation compare to the PtBiOBr electrode (Fig. S5). After the deposition of Pt nanoparticles
(NPs), As it can be seen in Fig. 5C and Fig. S4B, the peak current
density of the Pt-BiOBr towards MOR is 751.7 mA mg1
Pt (10.7 mA
cm2), 28.4 times higher than that under dark condition (26.5 mA
2
mg1
). Fig. 5D and Fig. S4C showed the typical
Pt , viz. 0.37 mA cm
CV curves of the EOR based on Pt-BiOBr modified electrode in the
alkaline media under dark condition and visible light irradiation.
Interestingly, the Pt-BiOBr under the visible light irradiation also
possessed the highest mass activity of 929.8 mA mg1
Pt (13.3 mA
cm2), 6.0 times higher than that under dark condition (155.4
2
mA mg1
). In addition, the CV curves of PtPt , viz. 2.2 mA cm
BiOBr in KOH solution were shown Fig. S5, which have no obvious
catalytic oxidation peak compared to Pt-BiOBr in 1.0 M CH3OH +
1.0 M KOH or 1.0 M CH3CH2OH + 1.0 M KOH solution. These results
indicate the excellent photoelectrocatalytic performances of the PtBiOBr nanocatalysts.
Durability, another significant parameter for evaluating the
properties of the catalysts, a better durability always means a
longer life time, which is significant for the practical application
of the fuel cells. In this regard, the chronoamperometry (CA) and
chronopotentiometry (CP) measurements have also been carried
out for studying their durability (Fig. 6). From Fig. 6A and C, the
current densities of Pt-BiOBr electrodes decrease quickly at the initial minute, which mainly originate from the formation of Pt oxides
and intermediate species (such as COads) poisoning on the electrode surface. Moreover, the retained oxidation current density of
Pt-BiOBr towards MOR and EOR under the visible light illumination
after 3000 s were 30.9 and 16.9 mA mg1
Pt , 32.5 and 19.4 times
higher than that under dark condition, respectively. Fig. 6B and
D show the chronopotentiometry (CP) curves Pt-BiOBr towards
MOR and EOR under visible light irradiation or dark condition. It
can be observed that potential increases with the polarization time
and then jumps to a higher potential for all catalysts. This phenomenon results from the fact that during the chronopotentiometric
experiment, the poisonous species, mainly COads, are accumulated
on the surface of the catalysts during the alcohol oxidation process
and reduces the electroactivity of the catalysts. When the catalysts
are poisoned deeply, the methanol or ethanol oxidation reaction cannot continue, and the potential must jump to a higher potential.
Accordingly, the CP curves suddenly rose in the final stage because
the working electrode is completely poisoned by CO. The longer time
step used to mean better poison tolerance. The sustainable time is
longer for Pt-BiOBr (2602 s) towards MOR under visible light irradi-
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Fig. 4. LSV of Pt-BiOBr electrode under (a) visible light irradiation and (b) dark condition in (A) 1.0 M CH3OH + 1.0 M KOH and (B) 1.0 M CH3CH2OH + 1.0 M KOH solution at
50 mVs1. Photocurrent responses of Pt-BiOBr (a) and BiOBr (b) electrodes under visible light irradiation in (C) 1.0 M CH3OH + 1.0 M KOH and (D) 1.0 M CH3CH2OH + 1.0 M
KOH solution recorded at 0.3 V. The illumination from a Xe lamp was interrupted every 30 s.

Fig. 5. The histogram of the mass activities for Pt-BiOBr nanocatalysts with different weight amount of Pt towards MOR (A) and EOR (B). The 120th cycle of CV of Pt-BiOBr in
(C) 1.0 M CH3OH + 1.0 M KOH or (D) 1.0 M CH3CH2OH + 1.0 M KOH solution under (a) visible light irradiation and (b) dark condition with a scan rate of 50 mV s1.

ation when compared to that under dark condition (250 s). Similarly,
the sustainable time for Pt-BiOBr towards EOR under visible light
irradiation is 8441 s, 21.8 times longer than that under dark condition (388 s). These results indicated that the BiOBr supported Pt

NPs possessed better poison tolerance for methanol and ethanol
electro-oxidation under visible light irradiation than that under dark
condition, which are in good agreement with the CV and CA results
[34].
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Fig. 6. CA curves of Pt-BiOBr under (a) visible light irradiation and (b) dark condition in (A) 1.0 M CH3OH + 1.0 M KOH or (C) 1.0 M CH3CH2OH + 1.0 M KOH solution. (B) CP
curves at 14 lA of Pt-BiOBr under visible light irradiation (a) and dark condition (b) in 1.0 M CH3OH + 1.0 M KOH solution. (D) CP curves at 7 lA of Pt-BiOBr under visible light
irradiation (a) and dark condition (b) in 1.0 M CH3CH2OH + 1.0 M KOH solution.

To investigate the charge transfer efficiency at the electrode and
electrolyte interface, the electrochemical impedance spectroscopy
(EIS) has also been conducted, and the EIS of Pt-BiOBr electrode
were investigated from 0.1 Hz to 100 kHz under dark condition
and light irradiation in the 1.0 M CH3OH + 1.0 M KOH and 1.0 M
CH3CH2OH + 1.0 M KOH solution at the potential of 0.25 and
0.4 V, respectively. Generally, a smaller semicircle arc in the EIS
analysis means smaller resistance but faster interfacial charge
transport [35]. As it can be seen in Fig. 7A and B, the diameter of
semicircle arc (DIA) of Pt-BiOBr under visible light irradiation is
much smaller than that under the dark condition. On the purpose
of visually showing the parameter of charge-transfer resistance,
the EIS spectra were fitted with the equivalent circuits (insert of
Fig. 7), where Rs and Rct are associated with the electrolyte and
charge-transfer resistance at electrode/solution interface, respectively [14]. And Q represents the electrode double-layer capacitance
formed at electrode/solution interface. For ease of comparison, the
parameters of Rct for MOR and EOR under visible light irradiation

or dark condition have been summarized in Table 1. From Table 1,
we can find that the Rct of Pt-BiOBr for the MOR and EOR under visible light irradiation are 3694 and 14,000 X cm2, much smaller than
those under dark condition (101,700 X cm2 and 22,920 X cm2),
indicating the smaller resistance and effective interfacial charge
transport upon the visible light illumination [36].
To study the specific reaction process on the surface of Pt-BiOBr
modified electrodes towards MOR under dark condition or visible
light irradiation, the influences of scan rates (ranging from 16 to
64 mV s1) on the forward current density have also be considered
and the results are recorded in Fig. 8A and C. As observed, the forward methanol oxidation peak increased over the scan rates, and
the peak potential also shifted to the higher voltage. After a detail
analysis from Fig. 8B and D, we could find that the peak current
density displayed a linear relationship with the square root of
the scan rate (u1/2), indicating the reactions on the surface of PtBiOBr modified electrodes follow a diffusion-controlled process
[37].

Fig. 7. Nyquist plots of Pt-BiOBr in (A) 1.0 M CH3OH + 1.0 M KOH solution at 0.25 V and (B) 1.0 M CH3CH2OH + 1.0 M KOH solution at 0.4 V with (a) or without (b) visible
light irradiation. The inset shows the equivalent circuit of the impedance spectra.
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Table 1
The parameters of Rct from equivalent circuits for Pt-BiOBr sample under dark
condition or visible light irradiation.
Electrolyte

Dark (X cm2)

Visible light(X cm2)

1.0 M CH3OH + 1.0 M KOH
1.0 M CH3CH2OH + 1.0 M KOH

101,700
22,920

3694
14,000

201

Besides, we have also studied the function of photo-irradiation
towards EOR by researching the effects of scan rates on the forward
peak current density. From Fig. 9A and C, we could see that the forward ethanol oxidation peak increased with the increase of scan
rates. Similarly, the forward peak potential also shifted to the

Fig. 8. CVs of Pt-BiOBr electrode at different scan rate (A) with and (C) without visible light irradiation in 1.0 M CH3OH + 1.0 M KOH solution. The corresponding plot of
forward peak current (If) versus the square root of the scan rate (u1/2) (B) with and (D) without visible light irradiation in 1.0 M CH3OH + 1.0 M KOH solution.

Fig. 9. CVs of Pt-BiOBr electrode at different scan rate (A) with and (C) without visible-light irradiation in 1.0 M CH3CH2OH + 1.0 M KOH solution. The corresponding plot of
forward peak current (If) versus the square root of the scan rate (u1/2) (B) with and (D) without visible light irradiation in 1.0 M CH3CH2OH + 1.0 M KOH solution.
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the Pt-BiOBr nanocatalysts under the assistance of visible light displayed superior electrocatalytic activity towards ethanol and
methanol oxidation, with the mass activities of 929.8 mA mg1
Pt
and 751.7 mA mg1
Pt , which are 6.0 and 28.4 times higher than that
under dark condition, respectively. More significantly, the unique
2D nanostructure, synergistic and electronic effects originated from
the 2D BiOBr nanosheets and Pt NPs resulted in the substantial
enhancement in long-term stability. The sustainable time evaluating
by chronopotentiometry (CP) measurements is 2602 and 8441 s
towards MOR and EOR under visible light irradiation, which are
10.4 and 21.8 times longer than that under dark condition, respectively. Therefore, our findings in this work may open up new opportunities for engineering the visible-light-driven photocatalysts for
fuel cells reactions and beyond.
Fig. 10. Scheme for the electro- and photocatalytic oxidation alcohol process on PtBiOBr modified electrode under visible light illumination.

higher voltage with the increment of scan rate, suggesting the EOR
based on Pt-BiOBr modified electrode is also the diffusioncontrolled process [38]. Additionally, in order to investigate the
different electron-transfer kinetics of samples under dark and light
irradiation, the diffusion coefficients (D) of the electrode under different conditions were compared by use of Eq. (1) [13]:

2

ip



32

Dlight 6 v 1=2 light 7
¼ 4  5
ip
Ddark
v 1=2

ð1Þ

dark

D: the diffusion coefficients, ip: the forward peak current, v1/2:
the square root of the scan rate. The ratio of the diffusion coefficients (Dlight/Ddark) in methanol and ethanol solution is calculated
as values of 19.8 and 47.1, respectively, illustrating the enhanced
electrooxidation kinetic of Pt-BiOBr modified electrode under visible light irradiation [39].
Accordingly, after Pt NPs were deposited on the 2D support of
BiOBr nanosheets, the activities for electrocatalytic oxidation of
methanol and ethanol were significantly improved upon visible
light irradiation. We conclude the proposed mechanism for the
above visible light-enhanced electrocatalytic oxidation of alcohol,
which is shown in Fig. 10. On one hand, the Pt NPs were worked
as typical electrocatalysts and the methanol or ethanol molecules
were easily adsorbed on the surface of catalyst, and then to be oxidized on Pt surface through partial oxidation of alcohol pathway.
On the other hand, when the electrode was irradiated by visible
light, BiOBr nanosheets were excited with resulting in photogenerated electrons and holes in their conduction band (CB) and valence
band (VB), respectively. We all have known that the holes have
strong oxidative ability. The adsorbed alcohol molecules and intermediates (such as CO) can be easily oxidized on the surface of catalyst by these holes. At the same time, the electrons on the CB band
of BiOBr were injected to the Pt NPs and then together with electrons from electro-oxidation of alcohol were transferred to external circuit, resulting to the improvement of current generation.
4. Conclusions
In summary, the highly efficient visible-light activated 2D BiOBr
nanosheets have been well designed via a hydrothermal method.
The unique properties of suitable band gaps and excellent electrical property have enabled them to serve as the high-performance
supports for the deposition of Pt NPs. The bare BiOBr did not show
any catalytic activity towards alcohol oxidation. Impressively, the
as-prepared Pt-BiOBr nanocatalysts exhibit impressive activity
and durability towards MOR and EOR under visible light irradiation. A series of electrochemical measurements have revealed that
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