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Pure bismuth (Bi) metal-modified graphitic carbon nitride (g-CsN4) composites (Bi-CN) with a
pomegranate-like structure were prepared by an in situ method. The Bi-CN composites were used
as photocatalysts for the oxidation of nitric oxide (NO) under visible-light irradiation. The inclusion
of pure Bi metal in the g-C3N4 layers markedly improved the light absorption of the Bi-CN compo-
sites from the ultraviolet to the near-infrared region because of the typical surface plasmon reso-
nance of Bi metal. The separation and transfer of photogenerated charge carriers were greatly ac-
celerated by the presence of built-in Mott-Schottky effects at the interface between Bi metal and
g-C3Na. As a result, the Bi-CN composite photocatalysts exhibited considerably enhanced efficiency
in the photocatalytic removal of NO compared with that of Bi metal or g-CsN4 alone. The pomegran-
ate-like structure of the Bi-CN composites and an explanation for their improved photocatalytic
activity were proposed. This work not only provides a design for highly efficient g-CsNs-based pho-
tocatalysts through modification with Bi metal, but also offers new insights into the mechanistic
understanding of g-CsNs-based photocatalysis.
© 2016, Dalian Institute of Chemical Physics, Chinese Academy of Sciences.
Published by Elsevier B.V. All rights reserved.

1. Introduction

utilization efficiency of visible light, is important for their ap-
plication [4,5]. In view of expense of precious metals, some

The potential for noble metal-based materials to harvest
and convert solar energy has garnered considerable attention
in recent years [1-3]. In particular, the ability of noble metals to
strongly absorb visible light because of their localized surface
plasmon resonance (SPR), which considerably increases their

affordable and readily available metals possessing similar elec-
tronic and light-absorption characteristics to those of noble
metals have been investigated as substitutes [6-10]. It is well
documented that the semimetal bismuth (Bi) behaves as a
photocatalyst with promising photocatalytic performance [10].
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Pure Bi metal can exhibit admirable photocatalytic reactivity
under ultraviolet (UV) irradiation (A< 280 nm), but its response
to visible light is poor [11]. Thus, it is important to develop
feasible and environmentally benign strategies to afford Bi with
visible-light activity.

Graphitic carbon nitride (g-C3N4) can photocatalytically
break down various pollutants into harmless chemicals and
photocatalyze water conversion to hydrogen and hydrogen
peroxide under visible-light irradiation [12-15]. However, the
photocatalytic efficiency of bulk g-C3N4 is quite low because of
its marginal absorption of visible light and poor separation of
photogenerated carriers; therefore, effective modification
methods need to be developed to improve its visible-light per-
formance. For this reason, a number of g-C3N4-based hetero-
structures with synergetic coupling effects between g-C3N4 and
other functional materials have been developed to greatly en-
hance its absorption of visible light and facilitate charge trans-
fer [16-18]. Recently, Dong et al. [19] synthesized Bi nano-
sphere-modified g-C3N4 nanosheets (Bi-g-C3N4) with excellent
photocatalytic performance. The as-obtained Bi-g-C3N4 compo-
sites combined with some bismuth oxide (Bi203) layers offered
two major advantages over pure g-C3N4 in photocatalytic reac-
tions. On one hand, by loading Bi metal on the surface of g-C3Ns,
Bi-coupled g-C3Ns4 nanocomposites with a strong visible-light
response were obtained because of the SPR effects of Bi. On the
other hand, the supporting Bi nanospheres accelerated the
separation of photogenerated charge carriers because of the
formation of a Mott-Schottky barrier at the Bi/g-C3N4 interface.
However, Bi203 formed on the surface of Bi-g-C3N4 composites
can have a shielding effect that deteriorates the
above-mentioned contributions from Bi. Dong and col-
leagues [19] used bismuth nitrate pentahydrate
(Bi(NO3)3-5H20) as the precursor for Bi metal, but the oxidizing
ability endowed by NOs- led to the generation of Bi203 in the
resultant composites. Along this line of thinking, it is necessary
to prepare pure Bi metal-coupled g-C3Ns4 composites without
Bi203 layers by using a substitute for Bi(NO3)3-5H20.

Nitric oxide (NO) and nitrogen dioxide (NO2), jointly re-
ferred to as NOy, are typical indoor and outdoor air pollutants
that are causing increasing environmental concern. NOx is one
of the major contributors to acid rain and urban smog, and
could result in serious respiratory diseases, hospitalization for
heart or lung diseases, and even premature death [19].

In the present study, pure Bi metal-modified g-C3N4 (Bi-CN)
composites are fabricated by an in situ grafting treatment.
These composites show high reactivity in photo-oxidation of
NO under visible-light illumination. Sodium bismuthate
(NaBi03-2H20) is successfully used as a precursor of Bi metal to
obtain pure Bi metal in the Bi-CN composites. The composites
are investigated by X-ray diffraction (XRD), Fourier transform
infrared (FT-IR) spectroscopy, and X-ray photoelectron spec-
troscopy (XPS). The photo-oxidation of NO by the Bi-CN com-
posites is evaluated.

2. Experimental

2.1. Preparation of Bi-CN composites

All chemicals were of analytical grade and used without
further purification. We synthesized g-C3N4 by heating dicy-
anamide (20 g) at 550 °C for 2 h. To synthesize the Bi-CN com-
posite photocatalysts, NaBiO3-2H20 (0.339 g) was completely
dissolved in ethylene glycol (EG, 30 mL) under continuous
magnetic stirring and then polyvinylpyrrolidone (PVP, MW
130,000, 0.2 g) was added. The molar ratio of Bi to the repeat-
ing unit of PVP was controlled at 1:1.6. A certain amount of
g-C3N4 was then added to the solution under vigorous stirring.
After stirring for 1 h, the mixture was transferred into a
100-mL Teflon-sealed autoclave, sealed and heated at 200 °C
for 24 h in a furnace, before cooling to room temperature. The
product was centrifuged, and then washed with acetone fol-
lowed by ethanol several times to remove residual EG and PVP.
Bi-CN photocatalysts with different weight ratios of metallic Bi
to CN (namely, 5% Bi-CN, 10% Bi-CN, 15% Bi-CN, 25% Bi-CN,
and 50% Bi-CN) were synthesized. Metallic Bi and solvother-
mally prepared g-CsNs (CN-EG) were also prepared as refer-
ence samples, using the same procedure as that for the Bi-CN
composites except that only either g-C3N4 or Bi was added.

2.2. Characterization

The phase structures of the samples were investigated by
XRD (D/max RA, Japan). The morphological characteristics and
microstructures of the samples were characterized with a
scanning electron microscope (SEM; JEOL JSM-6490, Japan).
Nitrogen adsorption-desorption isotherms were obtained using
a nitrogen adsorption apparatus (ASAP 2020, USA), in which all
of the samples were degassed at 150 °C prior to the measure-
ments to investigate their surface areas and pore size distribu-
tions. Samples embedded in KBr pellets were subjected to
FT-IR spectroscopy in a Nicolet Nexus spectrometer to detect
the functional groups on their surfaces. The surface chemical
composition and total density of state distribution in the va-
lence band (VB) of each sample were probed using an X-ray
photoelectron spectrometer (Thermo ESCALAB 250, USA) with
Al K¢ X-rays (hv = 1486.6 eV) operated at 150 W. The shift of
the binding energy attributed to relative surface charging was
corrected using the C 1s level at 284.8 eV as an internal stand-
ard. The optical properties of the samples were measured by an
ultraviolet-visible diffuse reflectance spectrophotometer
(UV-Vis DRS; UV-2450, Shimadzu, Japan) equipped with an
integrating sphere assembly; BaSO4 was used as the reflectance
sample. Photoluminescence (PL) spectra of the samples were
obtained with a fluorescence spectrophotometer (FS-2500,
Japan) using a Xe lamp with an optical filter as the excitation
source to investigate the recombination and separation of
photogenerated electrons and holes.

2.3.  Visible-light photocatalytic activity.

The photocatalytic activity of the samples was evaluated
through the oxidation of NO at the 10-6 level in a continu-
ous-flow reactor at ambient temperature. The volume of the
rectangular reactor composed of stainless steel and covered
with quartz glass was 4.5 L (30 x 15 x 10 cm). An LED lamp
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(448 nm) was used as a simulated visible-light source. Photo-
catalyst (0.2 g) was added to H20 (30 mL) and ultrasonicated
for 30 min. The resulting suspension was coated onto a dish
with a diameter of 11.5 cm. The coated dish was pretreated at
70 °C to evaporate water thoroughly and then cooled to room
temperature prior to photocatalytic testing. NO gas was intro-
duced from a compressed gas cylinder containing 50 x 10-6 NO
(balance N2) in accordance with the traceable standard rec-
ommended by the National Institute of Standards and Tech-
nology. The initial NO concentration was diluted to approxi-
mately 600 x 10-9 by an air stream supplied by a zero-air gen-
erator (Advanced Pollution Instrumentation, Teledyne Tech-
nologies, Model 701). The gas streams were completely pre-
mixed in a gas blender, and the flow rate was controlled at
1.0 L-min-! with a mass flow controller. After adsorption-de-
sorption equilibrium was achieved, the lamp was turned on.
The NO and NO:z concentrations were continuously measured
using a chemiluminescence NOx analyzer (Advanced Pollution
Instrumentation, Teledyne Technologies, Model T200) that
monitored NO, NOz, and NOx (NOx represents NO + NOz) at a
sampling rate of 1.0 L-min-1. The removal ratio of NO () was
calculated as n (%) = (1 - C/Co) x 100%, where C and Co are the
NO concentration in the outlet steam and feed stream, respec-
tively.

3. Results and discussion
3.1. Photocatalytic removal of NO

The variations of NO removal rate and NO2z concentration
with visible-light irradiation time in the presence of different
samples are shown in Fig. 1. Control experiments in the ab-
sence of either photocatalyst or light irradiation were also per-
formed, which demonstrated that the presence of both photo-
catalyst and visible light was required for removal of NO to
occur. Fig. 1(a) clearly shows that g-C3N4 alone possessed fee-
ble NO photo-oxidation capability, much lower than that of the
solvothermally prepared CN-EG, which showed a reasonable n
in NO oxidation of approximately 37%. This result showed that

-(a —s— CN—e— CN-EG
100 —a— Bi—— 5% Bi-CN
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EG-assisted solvothermal treatment contributed to the increase
of photocatalytic activity of g-CsNa4 in NO oxidation, as reported
in the literature, because of the positive directing effect of EG
on the morphology of g-CsN4 [20]. In this context, to afford
markedly enhanced visible-light activity, various contents of
elemental Bi were introduced into the g-Cs3Ns-based photo-
catalyst system. Under visible-light illumination, metallic Bi
showed little photocatalytic oxidation NO activity, likely be-
cause Bi alone requires UV irradiation to catalyze NO pho-
to-oxidation [11]. In contrast, the Bi-CN composites displayed
much improved photocatalytic oxidation abilities in this pro-
cess. That these Bi-CN composites exhibited marked enhance-
ment of photocatalytic activity in photo-oxidation of NO com-
pared with both g-CsN4 and Bi alone was anticipated. This is
because introduction of elemental Bi commonly results in con-
siderable photo-oxidation activity towards NO, which can
mainly be attributed to the synergistic effects of improved
charge separation and SPR endowed by Bi metal upon irradia-
tion with visible light (A> 448 nm) [19]. Nevertheless, Fig. 1(a)
reveals that the photo-oxidation reactivities of the Bi-CN com-
posites for NO decreased with increasing Bi metal content be-
yond the optimum composition of 10% Bi-CN. Excess Bi metal
(> 10%) in the Bi-CN composites resulted in a negative influ-
ence on the photo-oxidation performance, which could be ex-
plained as follows: (1) a large amount of Bi metal on the surface
of the Bi-CN composite may physically block g-C3N4 from ab-
sorbing visible light to the detriment of visible-light-harvesting
ability; (2) a substantial content of Bi metal in the Bi-CN com-
posites may strongly absorb UV light (A<280 nm) rather than
visible light, thus deteriorating the visible-light-driven photo-
catalytic oxidation efficiency of the catalyst towards NO.

Fig. 1(a) also shows that several of the photocatalytic oxida-
tion profiles first decreased and then increased with irradiation
time. This is because some of the oxidation intermediates
and/or products formed during NO oxidation, such as NOs-,
were adsorbed on the photocatalyst surface, decreasing the
number of active sites and slowing NO degradation [23].

More importantly, as shown in Fig. 1, n (70.4%) and the NO2
concentration (less than 10 x 10-9) of 10% Bi-CN are much
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Fig. 1. Photocatalytic removal of NO (a) and monitoring concentration of NOz intermediates in a single-pass flow of air over the as-obtained samples
under visible-light irradiation (b) (continuous reactor; initial NO concentration: 600 x 10-9).
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Table 1
Physical properties and removal rate of NO for photocatalysts and ref-
erence samples.

Ager Voore ~ Peakpore ne@
sample (meg?) (mig?) size(om) (%) "
CN 9 0.055 1.8/164 22.2 thiswork
CN-EG 53 0.18 1.8/48 36.4 thiswork
Bi 3 0.026 155 14.1 this work
10% Bi-CN 42 0.17 1.9/6.8 70.4 thiswork
15% Bi-CN 42 0.18 1.8/11.6 61.7 thiswork
CN-GO — — — 60.7  [21]®
K-intercalated — — — 368  [22]¢
g-C3Ns — — — 54.3 [23]4
Ag-doped g-C3N4 — —_ 60.2 [19] e
Bi-CN-25

aNO removal ratio.

bWeight ratio of graphene oxide to mesoporous g-C3N4+ was controlled
at 1.0 wt%.

cWeight ratio of K to g-C3N4 was 5%.

d Molar ratio of Ag to g-CsN4 was 10%.

e Mass ratio of Bi to g-C3N4 was 25%.

higher and lower under visible-light irradiation, respectively,
than those of reported photocatalytic materials based on modi-
fied g-C3Na [21], K-intercalated g-C3Ns [22], Ag-doped g-C3N4
[23], and even a Bi sphere/g-C3N4 nanohybrid with Bi203 layers
[19] (Table 1). This result suggests that a composite consisting
of pure Bi metal hybridized with g-C3sNs can far outperform
those consisting of g-C3N4+ modified with noble metals, gra-
phene materials, Bi metal with impurities in nitrate formation,
displaying both high photo-oxidation ability and selectivity.
Therefore, it is worth comprehensively investigating the Bi-CN
composite system in terms of structure and physical merits.

The initial NO concentration in the feed gas was 600 x 10-9
and the concentration of NOz from the outlet was less than 50 x
10-9 at more than 50% NO conversion (Fig. 1(a) and (b)), indi-
cating that NO2 was not the major product. This is because NO2
is not the final product of NO photo-oxidation; NO2z can further
oxidize to NO3™ over g-C3N4 [23]. However, quantitative detec-
tion of the NO oxidation intermediates adsorbed on the photo-
catalyst surface still remains a great challenge.
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Fig. 2. XRD patterns of the photocatalytic materials.

3.2.  Photocatalyst structure and composition

To ascertain whether or not Bi exists in the Bi-CN compo-
sites in its elemental form, XRD was carried out. Fig. 2 reveals
that the pattern of CN-EG is quite similar to that of pristine
g-C3N4. However, CN-EG showed a slightly broadened main
peak centered at around 27.5° compared with that of g-C3Ny,
which may result from the decreased crystallite size following
solvothermal treatment. The XRD patterns of the Bi-CN compo-
sites contained peaks consistent with the rhombohedral phase
of Bi metal (JCPDS PDF card 44-1246), which confirmed the
existence of Bi metal in the Bi-CN composites. No obvious dif-
fraction peaks of g-CsNs could be discerned because of the
strong shadowing effect of the (012) peak of the Bi metal phase
in the Bi-CN composites [19]. The presence of g-C3N4 in the
Bi-CN composites was verified by FT-IR and XPS analyses.

The chemical bonding of the bare g-CsN4, CN-EG, Bi, and
Bi-CN composites was investigated by FT-IR spectroscopy. The
solvothermally prepared CN-EG displayed FT-IR features akin
to those of the pristine g-CsN4 (Fig. 3). Peaks observed at ap-
proximately 810 and 1242-1646 cm-! were attributed to the
characteristic breathing mode of a triazine ring system and
typical stretching vibration modes of a g-C3Na heterocycle, re-
spectively. Two strong bands centered at 1387 and 1645 cm-1
were consistent with the presence of Bi metal [24]. All of the
main characteristic peaks of g-C3sN4 and pure Bi were observed
in the FT-IR spectra of all the Bi-CN composites, confirming the
formation of composites between elemental Bi and g-C3Ns by
solvothermal treatment. These Bi-CN composites may offer
electron migration routes to improve photoinduced charge
carrier separation and enhance photoactivity.

XPS analysis was conducted to investigate the surface
chemical composition of the Bi-CN composites and the chemi-
cal state of Bi in them. The survey spectra in Fig. 4(a) reveal
that g-C3sN4 and CN-EG were composed of C, N, and a small
amount of O originating from contamination from the atmos-
phere; no other peaks were observed. The spectrum for ele-
mental Bi indicated the presence of Bi, C, and O species; the
latter two may result from the easy oxidation of adventitious

—CN CN-EG Bi
5% Bi-CN—— 10% Bi-CN —— 15% Bi-CN
— 25% Bi-CN—— 50% Bi-CN

810

1645 1387

B

T T T T T T T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Transmittance (a.u.)

Wavenumbers (cm ')

Fig. 3. FT-IR spectra of g-C3N4 (CN), CN-EG, Bi, and Bi-CN composites.
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Fig. 4. XPS analysis of g-CsN4 (CN), CN-EG, Bi, and 10% Bi-CN composites. (a) Survey scan; (b) C 1s; (c) N 1s; (d) Bi 4f; (e) O 1s.

carbon species in the air. The 10% Bi-CN composite contained
Bi, C, N, and a small amount of O, which could originate from
the surface absorption of g-C3N4. This spectrum indicates that
the Bi in the 10% Bi-CN composite existed in its elemental
form.

The high-resolution C 1s spectra in Fig. 4(b) can be decon-
voluted into two dominant peaks with binding energies of
~284.8 and ~288.39 eV. The peak located at 284.8 eV may be
related to C-C and/or adventitious carbon, and that at 288.39
eV can be assigned to the N-C-N group of g-C3Ns The
high-resolution N 1s spectra in Fig. 4(c) could be fitted into two
predominant peaks at 398.8 and 401.1 eV and a weak peak at
404.5 eV, which are ascribed to C =N-C, C-N-H, and
T-excitation, respectively. According to the C 1s and N 1s re-
sults, the composites contain no functional groups related to
Bi-C or Bi-N, indicating that elemental Bi was the major phase
on the surface of the Bi-CN composites. The XPS data for Bi in
Fig. 4(d) provide further evidence for the existence of ele-
mental Bi in the Bi-CN composites. The Bi 4f spectra could be
fitted into a doublet corresponding to metallic Bi 4f7/2 and me-
tallic Bi 4fs/2 at binding energies of 158.21 and 163.48 eV, re-
spectively, which are almost equal to the standard binding en-
ergy of pure Bi metal. Furthermore, no other impurity phase
was detected, such as the presence of Bi-O bonds. This re-
vealed the presence of pure Bi metal in the 10% Bi-CN compo-
site without any oxide impurities. Therefore, the 10% Bi-CN
composite can take full advantage of the SPR effects derived
from pure Bi metal to enhance its photocatalytic performance.

The O 1s spectrum (Fig. 4(e)) was fitted into one peak at a
binding energy of 532.65 eV, which was ascribed to adsorbed
H20. As reported previously, the introduction of amine groups
into a carbon carrier can result in an increased percentage of

zeroth-order metal that is resistant to re-oxidation during air
contact [25]. In our Bi-CN composite system, the solvothermal-
ly prepared g-CsNs has a high nitrogen content. These
m-bonded planar C-N-C layers along with their incompletely
condensed amino groups can stabilize highly dispersed Bi and
prevent its oxidation. Additionally, the use of NaBiO3:2H:0 as a
precursor avoids the oxidation of Bi metal during the compo-
site preparation process.

3.3.  Optical properties and possible photocatalytic mechanism

To explore the underlying photocatalytic mechanism of the
composites, their optical properties were investigated by
UV-vis DRS; the results are illustrated in Fig. 5. The absorption
band edges of both g-CsN4+ and CN-EG appeared at A< 465 nm,
which were attributed to the distinctive absorption of g-C3Na
with a band-gap energy of ca. 2.7 eV. In contrast, the Bi-CN
composites strongly absorbed light from the UV to the
near-infrared range (200-800 nm) after the introduction of Bi.
The absorption intensity of the Bi-CN composites gradually
strengthened with increasing Bi content, which in turn in-
creased the utilized efficiency of solar light, and thus improved
photocatalytic oxidation capacity. The strong light absorption
of the Bi-CN composites originated from the characteristic SPR
effect of Bi metal. Dong et al. [19] reported that pure Bi nano-
spheres with diameters of 150-200 nm displayed a SPR peak
centered at approximately 500 nm. However, in our case, no
peaks characteristic of the SPR of Bi metal were observed in the
range of 200-800 nm. Recently, Toudert et al. [26] found that
the absorption properties of spheroidal Bi nanoparticles were
sensitive to its size, shape, and organization, and also explored
the tunability of the transverse resonance of Bi nanoparticles
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Fig. 5. UV-vis DRS of g-C3N4 (CN), CN-EG, Bi, and Bi-CN composites (a). SEM images of Bi (b) and 10% Bi-CN composite (c).

by controlling their size and shape. They predicted that “large”
spheroidal Bi nanoparticles should be excellent candidates to
obtain well-defined resonances that could be tuned from the
near-UV to the near-infrared region. Fig. 5(b) shows that the
as-prepared Bi metal particles were sphere-like with a diame-
ter of around 1 pm. It is therefore reasonable to consider that
high tunability of SPR from the UV through to the near-infrared
region (beyond 800 nm) can be achieved by incorporation of Bi
metal particles with a large size. The uniform dispersion of Bi
spheres with average diameters of approximately 300 nm was
well-coupled with the thick g-CsN4 layers (Fig. 5(c)). The de-
creased size of the Bi spheres in the Bi-CN composite compared
with that of the Bi particles alone can be ascribed to a grain
boundary size effect of g-C3N4 during the solvothermal thermal
process. Because of the decreased size of Bi spheres in the
composites, the SPR peak of Bi metal was not detected in Fig.
5(a). Gérard et al. [27] reported that the experimental scatter-
ing spectra of individual Al nanodisks with diameters varying
from 70 to 180 nm displayed a bathochromic shift from around
300 to 550 nm as diameter increased. This provides evidence
that the Bi-CN composites display an SPR peak (typically longer
than 800 nm) originating from large Bi metal particles.

Strong visible-light absorption is only one of the important
factors to realize a high-efficiency photocatalytic composite.
The effective separation of photogenerated electron-hole pairs
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Fig. 6. PL spectra of g-C3N4 (CN), CN-EG, Bi, and Bi-CN composites.

in a photocatalytic composite is needed for efficient pho-
to-oxidation of NO. Therefore, PL spectra of the composites
were obtained, as shown in Fig. 6. After the addition of Bi metal,
considerable PL quenching was observed for the Bi-CN compo-
sites. The obvious quenching of the PL emission peak intensity
of the Bi-CN composites was attributed to unidirectional elec-
tron migration from the conduction band (CB) of g-C3N4 to Bi
metal because of the Mott-Schottky effect of Bi metal [19].
Therefore, the Bi dispersed on the surface of g-C3Na4 could effec-
tively hinder electron-hole recombination, which is very prom-
ising for achieving photo-oxidation with satisfying activity.
Aside from the different emission intensities of these photo-
catalysts, there are subtle yet revealing differences between
these spectra. Compared with the peak for g-C3Na, those of both
CN-EG and Bi-CN composites show a hypsochromic shift, which
can be attributed to the quantum sizes effects originating from
solvothermal treatment decreasing the size of g-CsN4 layers,
consistent with previous results [19].

Specific surface area is another important parameter of
photocatalysts. The specific surface area of each photocatalyst
was determined by N2 adsorption-desorption measurements to
ascertain its possible contribution to photocatalytic reactions.
Fig. 7(a) reveals that the isotherms were typical of type IV with
a hysteresis loop observed at P/Pp= 0.5-1.0. This suggests both
g-C3N4 and the composites are mesoporous, with no evident
plugging or change of the g-C3Na structure after the inclusion of
Bi metal (Table 1 and Fig. 7(b)). The specific surface area of
CN-EG is 53 m2 g-1, which is about six times higher than that of
pristine g-C3sNs4 (9 m2 g-1). The specific surface area of 10%
Bi-CN is 42 m2 g-1, slightly lower that of CN-EG. Additionally,
the pore size distributions in Fig. 7(b) reveal that the pores in
g-C3N4 and 10% Bi-CN are mainly distributed in the range of
1.8-6.8 nm, corresponding to mesoporous structure. Upon
increasing the Bi content to 15%, the specific surface area and
pore size distribution of the composite were almost unchanged
but its photocatalytic activity deteriorated compared with that
of the 10% Bi-CN composite. Consequently, this experiment
ruled out the contribution of surface area to the photocatalytic
activity of the composites.

From the perspective of maximizing the visible-light photo-
catalytic performance of the composites, we chose to elucidate
a possible photocatalytic mechanism of the 10% Bi-CN compo-
site. On the basis of the results described above, we propose the
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Fig. 7. Nitrogen adsorption-desorption isotherms (a), and the corresponding pore size distributions of the photocatalysts (b).

following mechanism, as shown in Scheme 1. The appearance
of the 10% Bi-CN composite with Bi spheres embedded in a
g-C3N4 layer resembles pomegranate. The UV-vis DRS results
indicated that the introduction of metallic Bi greatly enhanced
the photoabsorption performance of the 10% Bi-CN composite
because of the SPR effect of Bi metal. Meanwhile, the PL ex-
periment revealed that the addition of Bi metal to g-C3N4 pro-
moted the effective separation of photoexcited charge carriers
because Bi metal in the composite formed a Schottky barrier at
the metal/g-C3N4 interface [19]. These two factors are the basis
of the high photoactivity of the 10% Bi-CN composite. Fur-
thermore, the favorable coupling effect of Bi metal with g-C3N4
also plays an important role in its high photoactivity based on
the results of photocatalytic testing. As illustrated in Scheme 1,
the photogenerated electrons in the CB of g-C3N4 would trans-
fer to metallic Bi because the CB of CN is more negative than
the Fermi level of metallic Bi. Simultaneously, the holes accu-
mulate in the VB of g-C3N4, which possesses sufficient oxidizing
ability to degrade NO. This type of charge transmission greatly
improved the separation of charge carriers and enabled the
photogenerated electrons and holes to remain on the surface of
metallic Bi and VB of g-C3Ns, respectively, allowing them to
react with air and water, and thus produce active species to

=y, §
I . kk-\_‘ .Bi-‘-‘
: ?l‘l.léﬂ'eet-_]*‘ ‘

I Improved Charge
VBI Separation

L)

10% Bi-CN

Schemel. Proposed photocatalytic oxidation NO mechanism for the
10% Bi-CN composite.

realize photo-oxidation of NO.
3.4. Photocatalyst stability

It is known that photocorrosion might occur on the photo-
catalyst surface during photocatalytic reaction. To test the sta-
bility of the catalysts in NO photocatalytic oxidation, we reused
the 10% Bi-CN photocatalyst five times. Fig. 8 shows that the
activity of the photocatalyst after five consecutive cycles was
nearly the same as that of the fresh one. The high stability of
the photocatalyst was attributed to the strong interaction be-
tween pure Bi metal and g-C3N4, and indicates that composites
consisting of g-C3N4 modified with pure Bi metal are promising
for use in practical applications like air purification.

4. Conclusions

An in situ solvothermal treatment strategy to prepare Bi-CN
composites with a pomegranate-like structure was developed.
Pure Bi metal obtained using NaBiO3-2H20 as the precursor
was successfully used to modify g-C3Ns. Embedding pure
spherical Bi metal particles in g-C3N4 layers had two main ad-
vantages. Firstly, because of the unique chemical and physical
properties of pure Bi metal, together with the efficient function
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Fig. 8. Photocatalytic oxidation curves of NO reusing 10% Bi-CN.
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AR BBk S0-CNEEMRIRIL IR A WAFUNOMERE

FEE, BRSNS AR, REE,
FEREAFHEERRER, B
S E RS R MR R AR IR S E A L E, KT T £710061
o R RO A YR 5 BB IR, 16 R X 430074

I KA —MIRL & R T 2% T BA A RS0 12 8 85(B1) S T B 1 g-CN, & &3 BL(Bi-CN), 3+ H T 7] WA
NOJ . 4 JEBis JUEE I ECNZ L B 2G4, H T 48 Bise T 2 2 1) 3R 1 55 15 TR LR (SPRYME F vk e i Yie v
Fil B8N R JE IR 4040, iR = T & WeiRii. Bhah, M T Bist i AZTE T 2 A9 LT Al = Az Py g k- M R AT
N, TR AR SR T 000 B 5%, B, Bi-CNE AW 607 B0 H 9 00 a4 L BRNOE BE. FRATERH TR A
T8 S5 A (R T 1 LA S A B IR Bi-CN & A W G AL v P i 3R im ML, S AN v 235 10 4 T b B I e 1 1) g-C N R S i A 7 3
HET — RIS 5 5, AT g-CyN, RS AL FUA LI AR H T 58 ) LA

T XHHERATH . A AN ERE FIX I 28 T e s 45 FR FUBiE DL &8 R e A TE TBI-CNE &9, X153 55 T34
KH T Z/KE BBR BA(NaBiO; 2H,O)VE AR BT BK AR, T DhiE G 1 8L B T . Bi-CNE &4 h 4 J& b 53 1 1) A7 £
B2, &%, &5 EA B3R SPRAN, & 15| N7 KK & & S ae I FRS R HZ%. F
W R B, EARH150-200 nm 1) SREKBE 8 7E S8 Ah- 7T W8 S EIE(UV-vis)TE A = 500 nm4h 5 31 H HLAY (I SPRUE, {HASEE i
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