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Abstract

Novel alkali metal-based NaBiS,/ZnO nanocomposite photocatalysts were successfully fabricated via a facile hydrothermal
technique for the enhancement of the catalytic activity under visible light. The synthesized photocatalysts were character-
ized using several microscopic and spectroscopic techniques, which confirmed the formation of heterostructured interfaces
between the NaBiS, nanoribbons and ZnO nanosheets. The as-prepared NaBiS,/ZnO nanocomposites exhibited significantly
enhanced photocatalytic performance compared with pure NaBiS, and ZnO alone. In particular, a NaBiS,/ZnO nanocom-
posite with ZnO loading of 10 mg achieved rhodamine B (RhB) degradation of 99% under visible-light irradiation within
120 min. The enhanced catalytic performance is ascribed to the synergistic effect of the NaBiS, nanoribbons and ZnO
nanosheets. The interface between the NaBiS, and ZnO allowed the direct transfer of photogenerated electrons, which slowed
the recombination of electron—hole pairs and enhanced the charge-separation efficiency. Thus, a probable photocatalytic
mechanism is presented for the enhanced degradation of RhB by a NaBiS,/ZnO nanocomposite.

1 Introduction

Considerable research effort has been directed toward the
destruction of organic dye pollutants and attendant envi-
ronmental remediation using various semiconductor-based
photocatalysts under solar-light irradiation. Various semi-
conductor metal-oxide photocatalysts, such as zinc oxide
(Zn0), titanium dioxide (TiO,), and tin oxide (SnO,), have
been applied in these endeavors to improve the photocata-
lytic performance in the ultraviolet (UV) region [1-5].
Among these, ZnO nanostructures have attracted consider-
able attention owing to their exceptional optical gain, unique
optical and electrical properties, non-toxicity, wide band-
gap (~3.37 eV), and good catalytic performance in the UV
region [6, 7]. However, the wide bandgap of ZnO limits its
applications in the energy-conversion sector, as it can absorb
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only 4% of solar radiation in the UV region and is ineffec-
tive under visible-light illumination (46%) [8, 9]. To achieve
more efficient solar-light energy consumption and improve
the photocatalytic activity, novel and efficient visible-light-
driven heterostructured photocatalysts have been extensively
investigated for the degradation of organic pollutants for
environmental conservation.

Alkali-metal-based semiconductors are an interesting
class of materials that have recently been shown to have
significant scientific potential for application under visi-
ble-light irradiation owing to their tunable bandgap and
biocompatibility [10, 11]. Among them, sodium bismuth
sulfide (NaBiS,), an important alkali-metal semiconductor
with a bandgap of ~ 1.22 eV is a particularly promising can-
didate because of its high chemical stability, non-toxicity,
and exceptional photocatalytic activity under visible-light
illumination [12]. However, the quick recombination of
photoinduced charge carriers in pure NaBiS, significantly
diminishes its catalytic performance, limiting its practi-
cal applications. One effective approach for improving the
oxidation ability and photocatalytic activity involves com-
bining a narrow-bandgap semiconductor (NaBiS,) with a
wide-bandgap semiconductor (ZnO). To the best of our
knowledge, no NaBiS,/ZnO nanocomposite photocatalysts
have been reported thus far.
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Given the foregoing strategies, the construction of alkali
metal-based semiconductor heterojunctions is a promis-
ing method for enhancing the photocatalytic activity and
protecting against hazardous organic contaminants. To this
end, Chen et al. successfully constructed heterostructured
Bi,05/Bi,S; photocatalysts using a hydrothermal method.
The results indicated that the formation of a heterojunction
between Bi,0; and Bi,S; can improve the separation of pho-
toinduced charge carriers and enhance the photocatalytic
activity under visible light [13]. Rong et al. synthesized
novel Bi,S;/WO; composites via a hydrothermal method fol-
lowed by calcination, and the results suggested that the syn-
ergistic interaction of Bi,S; and WOj; greatly enhanced the
photocatalytic degradation of RhB [14]. Gao et al. fabricated
a novel Bi,5;/SnS, nanocomposite using a simple in situ
growth method. Experiments revealed that the synergistic
effect of Bi,S; and SnS, significantly improved the migra-
tion of charge carriers, which enhanced the catalytic perfor-
mance under visible light [15]. The aforementioned results
provide sound motivation for the fabrication of NaBiS,/ZnO
nanocomposites with different ZnO loadings using a hydro-
thermal technique, as such heterostructured nanocomposites
may exhibit improved photocatalytic properties.

Herein, we report for the first time the fabrication of novel
NaBiS,/ZnO nanocomposites with a nanoribbon-and-small-
nanosheet morphology via a hydrothermal route for enhanc-
ing the visible-light-driven photocatalytic performance. The
structural and chemical compositions, morphologies, and
optical and photocatalytic activity of the as-synthesized
materials were characterized precisely. Additionally, accord-
ing to the results of scavenger experiments and photolumi-
nescence (PL) investigations, a probable photocatalytic
mechanism for the enhanced catalytic performance toward
the decomposition of RhB dye via visible-light illumination
was proposed. The results suggest that the construction of
heterostructured NaBiS,/ZnO nanocomposites is an effective
strategy to improve the performance of visible-light-driven
photocatalysts for the decomposition of organic pollutants
and that these photocatalysts have great potential for appli-
cation in the fields of sustainable energy and environment.

2 Synthesis of photocatalyst
2.1 Chemicals

All the chemicals used in this experiment were pure and
analytical-grade, and no further purification treatment was
performed. Bismuth nitrate (Bi(NO;);-5H,0 >98.0%),
sodium sulfide nonahydrate (Na,S-9H,0 >98.5%), zinc
acetate (Zn(CH;CO,),>99.0%), and sodium hydroxide
(NaOH >99.0%) were purchased from Sigma-Aldrich
Co., Ltd., Korea. Polyvinylpyrrolidone (PVP >99.0%),

benzoquinone (BQ >98.0%), isopropyl alcohol
(IPA >99.5%), triethanolamine (TEA >98.0%), ethylene
glycol (C,H40,>99.5%), and ethanol were obtained from
Daejung Co., Ltd. Korea. Deionized (DI) water was used for
the preparation of all the aqueous solutions.

2.2 Synthesis of NaBiS, nanoribbons

The NaBiS, nanoribbons used in the experiment were pre-
pared using a hydrothermal technique. In a typical proce-
dure, 0.05 M Bi(NO;);-5H,0 and an equal molar quantity
of Na,S-9H,0 were dissolved in 100 mL of ethylene gly-
col, followed by magnetic stirring to obtain a homogeneous
solution. The resulting mixture was placed on a hotplate at
100 °C and continuously stirred for 20 min. Thereafter, 2 g
of NaOH was added to the mixture, followed by stirring for
another 30 min. The suspension was transferred to a 200-
mL Teflon-lined autoclave, kept at 120 °C for 12 h, and
then cooled to room temperature naturally. Subsequently,
the suspension was filtered via centrifugation; washed with
DI water, ethanol, and IPA several times; and dried at 80 °C
for 8 h.

2.3 Synthesis of ZnO nanosheets

ZnO nanosheets were fabricated via a simple low-tempera-
ture solution process. Briefly, 0.07 g of PVP was dissolved
in 50 mL of ethanol, and the resulting solution was kept
on a hotplate at 70 °C and continuously stirred for 10 min.
Thereafter, 0.3 g of zinc acetate was added to the mixture,
followed by stirring for 10 min. Then, 0.1 g of NaOH was
slowly dropped into the solution, with vigorous stirring
for 30 min, after which the solution was naturally cooled
to room temperature. The obtained white precipitate was
centrifuged, rinsed with ethanol and DI water, and dried at
60 °C for 5 h.

2.4 Synthesis of NaBiS,/Zn0 nanocomposites

NaBiS,/ZnO nanocomposites were successfully fabricated
through a facile hydrothermal process. Briefly, 100 mg of
NaBiS, nanoribbons was dispersed in 40 mL of absolute
ethanol, followed by stirring to obtain a transparent solu-
tion (A), and different quantities of ZnO nanosheets (5, 10,
and 15 mg) were dissolved in 40 mL of absolute ethanol
with stirring to form three variants of another transparent
solution (B). Solution B was added dropwise to solution
A, with vigorous stirring. After 1 h of stirring, the result-
ing solution was transferred to a 100 mL Teflon-lined auto-
clave and maintained at 150 °C for 12 h. Once the autoclave
had cooled naturally to room temperature, the precipitates
resulting from the three variants of solution B with different
amounts of ZnO (hereinafter denoted as NBSZ5, NBSZ10,
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and NBSZ15) were collected via centrifugation, rinsed sev-
eral times with DI water and ethanol, and dried overnight in
an oven at 80 °C. The formation mechanism of the NaBiS,/
ZnO nanocomposite is depicted in Fig. 1.

2.5 Characterization of photocatalysts

Powder X-ray diffraction (XRD) studies were performed
using a Shimadzu 6100 X-ray diffractometer with Cu Ko
radiation (A=0.15418 nm). X-ray photoelectron spec-
troscopy (XPS) was performed using a Thermo Scientific
K-alpha surface analysis instrument. The morphology of the
as-prepared samples was analyzed using transmittance elec-
tron microscopy (TEM, HITACHI H-7600) and high-resolu-
tion TEM (HRTEM, Tecnai G2 F20 S-Twin) at an accelerat-
ing voltage of 200 kV. Additionally, the lattice spacings and
energy-dispersive X-ray spectroscopy (EDS) color mapping
images were investigated. The optical absorption spectra
of the as-prepared nanocomposites were analyzed using a
Cary 5000 UV-visible-near-infrared (UV—-vis—NIR) spec-
trophotometer. The PL spectra were recorded using a Horiba
IHR550 fluorescence spectrophotometer with an excitation
wavelength of 325 nm.

2.6 Photocatalytic degradation of RhB

The photocatalytic performance of the synthesized nano-
composites was investigated via the decomposition of RhB
in an aqueous solution. A 100 W solar simulator was used
as a visible-light source for the decomposition of RhB with
a A>400 nm wavelength cutoff filter. The photocatalytic

performance was evaluated using 10 mg of the catalyst
and 50 mL of RhB, followed by ultrasonication for 10 min.
Before irradiation, the dispersion was kept in the dark for
20 min under magnetic stirring, to attain adsorption—desorp-
tion equilibrium of the dye on the surface of the catalyst.
Subsequently, the suspension was exposed to visible light for
photodegradation. At consistent intervals, 3 mL of the sus-
pension was collected from the photoreactor and centrifuged
to separate the photocatalyst. Finally, the concentration of
RhB dye was monitored by evaluating the intensity of the
absorption peak at 552 nm using a UV-vis—NIR double-
beam spectrophotometer. To determine the role of the active
radical species during the photocatalytic reaction, the effects
of different radical scavengers (IPA as a scavenger for ‘OH,
BQ as a scavenger for ‘O,~, and TEA as a scavenger for h™)
on the degradation of RhB were investigated. The technique
used was similar to that for the aforementioned photocata-
lytic activity test, except that the radical scavengers (1 mM)
were added to the dye solution.

3 Results and discussion

3.1 XRD study

XRD was used to determine the crystal structure and purity
of the as-synthesized nanocomposites, as shown in Fig. 2.
The characteristic diffraction peaks (Fig. 2a) located at
26.8°, 31.2°, 45.3°, 53.6°, 55.4°, and 73.1° are attributed
to the (111), (200), (220), (311), (222), and (420) planes of
the cubic phase of NaBiS, (JCPDS #01-075-0065) [16]. For
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Fig. 1 Schematic of the formation mechanism of the NaBiS,/ZnO nanocomposite
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Fig.2 XRD patterns of (a)
pure NaBiS,, (b) NBSZ5, (c)
NBSZ10, (d) NBSZ15, and (e)
pure ZnO
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pure ZnO (Fig. 2e), the distinct diffraction peaks detected
at 31.6°, 34.3°, 36.17°, 47.5°, 56.5°, 62.8°, 66.2°, 67.9°,
69.0°, and 76.9° correspond to the (100), (002), (101), (102),
(110), (103), (200), (112), (201), and (202) planes of the
hexagonal wurtzite phase of ZnO (JCPDS #00-036-1451),
respectively [17]. Furthermore, all the as-prepared NaBiS,/
ZnO nanocomposites (Fig. 2b—d) exhibit two sets of char-
acteristic peaks, which are attributed to the cubic NaBiS,
and hexagonal ZnO, indicating that the NaBiS, and ZnO are
effectively coupled in the synthesized nanocomposites. With
the increase in the ZnO loading, the intensities of the ZnO
diffraction peaks increase slightly, while the diffraction-
peak intensities of NaBiS, decrease. No impurity phases
are detected, indicating the high purity of the prepared
nanocomposites.

3.2 XPS analysis

The surface chemical composition and electronic states of
the as-prepared NaBiS,/ZnO nanocomposite were investi-
gated via XPS. The survey-scan XPS spectra of the NBSZ10
nanocomposite, which indicated the existence of Na, Bi, S,
Zn, and O, is shown in Fig. 3a. The high-resolution XPS
spectra of the elements Na, Bi, S, Zn, and O are presented
in Fig. 3b—f. The peak centered at 1071.49 eV is attributed
to Na 1s (Fig. 3b), which is representative of the Na* ions

I ' T T T T T T
40 50 60 70 80
2 Theta (degree)

in NaBiS, [18]. In Fig. 3c, the predominant peaks located
at 157.89 and 163.17 eV are consistent with Bi 4f;, and
Bi 4f5),, respectively, which correspond to the Bi** ions
in NaBiS,. The weak peaks at 158.91 and 164.28 eV are
indexed to the Bi 4f;, and Bi 4f;,, signals of the Bi metal,
respectively. The peak at 161.66 eV is ascribed to the S 2p
signal, whereas the characteristic S 2s peak at 224.86 eV
(Fig. 3d) is consistent with the S> in NaBiS, [19-21].
As shown in Fig. 3e, the Zn 2p spectra exhibited peaks
with binding energies of 1021.57 and 1044.62 eV, which
are indexed to Zn 2p;,, and Zn 2p,,, respectively [22]. In
Fig. 3f, the peaks centered at 530.93, and 532.81 eV are
attributed to the binding energies of the O 1s state [23]. The
XPS data clearly confirm the formation of the heterostruc-
tured NaBiS,/ZnO nanocomposite.

3.3 Morphological studies

The surface morphologies of pure NaBiS,, pure ZnO, and
the NaBiS,/ZnO nanocomposites were investigated using
TEM and HRTEM. Figure 4 shows the TEM images of
pure NaBiS,, pure ZnO, and the NBSZ5, NBSZ10, and
NBSZ15 nanocomposites. As shown in Fig. 4a, the pure
NaBiS, exhibited nanoribbon-like structures approximately
30—40 nm wide, with a smooth surface. In contrast, the pure
ZnO (Fig. 4b) exhibited small nanosheet-like structures
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Fig.3 High-resolution XPS spectra of the NBSZ10 nanocomposite

approximately 40-50 nm wide. Figure 4c—e show the TEM
images of the NBSZ5, NBSZ10, and NBSZ15 nanocompos-
ites, respectively, clearly indicating that the ZnO nanosheets
were successfully anchored on the surface of the NaBiS,
nanoribbons.

HRTEM was used to investigate the lattice fringes of the
heterostructured NBSZ10 nanocomposite and perform ele-
mental color mapping. The resultant images are presented
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in Figs. 5 and 6. In Fig. 5, two types of lattice spacings are
observed in the region; the corresponding d-spacings of 0.432
and 0.245 nm are attributed to the (111) plane of NaBiS, and
the (101) plane of ZnO, respectively [12, 24]. These results
clearly indicate the successful formation of a heterostructured
interface between NaBiS, and ZnO. Additionally, the scanning
TEM (STEM)-EDS elemental color mapping patterns of the
NBSZ10 nanocomposite presented in Fig. 6a—f confirm the
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Fig.4 TEM images of a pure NaBiS,, b pure ZnO, and the ¢ NBSZ5, d NBSZ10, and e NBSZ15 nanocomposites

[.an'

o =

Fig.5 Lattice fringe pattern of the NaBiS,/ZnO nanocomposite
(NBSZ10) in the HRTEM image

significant attachment of NaBiS, and ZnO. The results agree
well with those of the TEM, XRD, and XPS analyses.

3.4 Optical absorption and PL studies

UV-Vis absorption spectroscopy was performed to evaluate
the light-harvesting proficiency of the as-prepared nanocom-
posites, and the results are shown in Fig. 7. The absorption
band edge of pristine ZnO was around 385 nm, with a bandgap
of ~3.22 eV, while that of pure NaBiS, was approximately
1032 nm, which is consistent with a bandgap of ~ 1.20 eV [25,
26]. All the NaBiS,/ZnO nanocomposites exhibited a promi-
nent redshift toward the visible-light region, which is attrib-
uted to the strong interfacial interaction between NaBiS, and
ZnO. The significant redshift suggests that most of the visible
light was absorbed by the nanocomposite photocatalysts, gen-
erating sufficient charge carriers, which greatly enhanced the
separation efficiency and photocatalytic activity [27].

The band positions of the synthesized samples were deter-
mined using the following empirical formulae:

Eyg=x—-E. + (O.S)Eg
Ecg =Eyg — Eg

where Eyp and E represent the valence band (VB) and
conduction band (CB) potentials, respectively, and x rep-
resents the electronegativity of ZnO and NaBiS, (5.75 and
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Fig. 7 Optical absorption spec-
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4.612 eV, respectively). E, and E, represent the bandgap
energy and the energy of free electrons on the hydrogen
scale (~4.5 eV), respectively. The Ey; values of ZnO and
NaBiS, were calculated to be +2.860 and +0.707 eV,
respectively, and the E.p values were measured to be
—0.360 and —0.493 eV, respectively.

The room-temperature PL spectra of the as-prepared
nanocomposites were used to investigate the emission
mechanism and the recombination probability of the pho-
togenerated charge carriers, which confirmed the improved
catalytic performance of the heterostructured photocata-
lyst. Figure 8 shows the PL spectra of the as-prepared nano-
composites with an excitation wavelength of 325 nm. The
pure ZnO exhibiting a UV emission band around 364 nm
is ascribed to the near-band-edge of ZnO, and an emission
band is detected at approximately 455 nm, which could be
related to constrained excitons and imperfections located on
the ZnO surface [28, 29]. The strong PL emission around
593 nm was due to the charge-carrier relaxation caused by
the surface-related trap states of O vacancies on the ZnO sur-
face [30]. For NaBiS,, the emission band centered at 459 nm
is attributed to the intrinsic luminescence of the band edge,
and the visible emission band centered at 577 nm was due
to point defects such as Bi vacancies and S interstitials in
the NaBiS, lattice [31, 32]. The electron—hole recombina-
tion rate decreased with the addition of ZnO to the compos-
ite owing to the formation of the heterojunction between
NaBiS, and ZnO. However, when the amount of ZnO was
significantly increased (> 10 mg), the recombination rate

increased because of the formation of additional junction
sites, which acted as recombination sites.

3.5 Photocatalytic activity

The visible-light photocatalytic performance of pure NaBiS,,
pure ZnO, and the NBSZ5, NBSZ10, and NBSZ15 photo-
catalysts was examined via measurement of the degradation
of an RhB solution under solar light irradiation. Figure 9a
shows the absorption spectra of RhB under visible light in
the presence of the NBSZ10 photocatalyst. The intensity of
the characteristic absorption peak of RhB at 552 nm gradu-
ally decreased and vanished after 120 min of visible-light
irradiation. The changes in the RhB concentration (C/C)
for ZnO, NaBiS,, and the NBSZ5, NBSZ10, and NBSZ15
photocatalysts with respect to time are presented in Fig. 9b.
In the absence of photocatalysts (darkness), the photodeg-
radation of RhB was unaffected, but the RhB was degraded
by 18% and 47% with pure ZnO and NaBiS,, respectively.
The heterostructured NaBiS,/ZnO photocatalysts (NBSZ5,
NBSZ10, and NBSZ15) greatly improved the photocatalytic
performance compared with pure ZnO and NaBiS,: the visi-
ble-light-driven RhB degradation for the NBSZ5, NBSZ10,
and NBSZ15 photocatalysts was 66, 99, and 53% respec-
tively, within 120 min. Among the photocatalysts, NBSZ10
exhibited the highest degradation efficiency for the decom-
position of RhB. At a high ZnO content (15 mg), small ZnO
nanosheets agglomerated on the surface of NaBiS, nanor-
ibbons and slowed the electron transfer across the NaBiS,/

Fig.8 PL spectra of pure
NaBiS,, pure ZnO, and the
NBSZ5, NBSZ10, and NBSZ15
nanocomposites
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Fig.9 a Absorption spectra of the NBSZ10 nanocomposite for the
photocatalytic degradation of RhB; b photodegradation analysis of
all the samples; c effect of catalyst loading; d kinetics of RhB photo-

ZnO heterojunction interface, reducing the photocatalytic
activity [33].

Figure 9c shows the degradation profile of RhB with dif-
ferent loading amounts (10, 15, and 20 mg) of the NBSZ10
catalyst. The NBSZ10 catalyst exhibited better photocata-
lytic performance at 10 mg than at the other loadings. As
the amount of catalyst increased, the photodegradation rate

@ Springer

catalytic degradation: [In(CO/C)] versus the irradiation time for each
catalyst; e plot of the k values; f recycling test of the NBSZ10 photo-
catalyst

gradually decreased, possibly because of the agglomeration
of particles and the reduction in active sites on the catalyst
surface [34]. Thus, overloading a catalyst may negatively
affect the rate of RhB degradation. A pseudo-first-order
kinetics model was used to assess the catalytic performance
of the samples. Figure 9d shows the apparent reaction rate
constant (k) of RhB dye degradation for each of the prepared
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samples. The measured values of k were 0.0016, 0.0053,
0.0085, 0.022, and 0.0064 min~" for pure ZnO, pure NaBiS,,
and the NBSZ5, NBSZ10, and NBSZ15 photocatalysts,
respectively (Fig. 9¢e). Notably, the NBSZ10 catalyst exhib-
ited a significantly higher k value than the others, and its
rate constant for RhB degradation was ~ 13.7 and ~4.2 times
higher than those of pure ZnO and NaBiS,, respectively.
The stability of this photocatalyst was examined using cyclic
experiments. An NBSZ10 nanocomposite was employed as
a characteristic photocatalyst for the removal of RhB dye
for three successive test cycles, and the results are shown in
Fig. 9f. The NBSZ10 photocatalyst retained its high catalytic
performance under similar experimental conditions. These
results indicate that the NBSZ10 photocatalyst is highly sta-
ble, which supports its practical applicability.

To further investigate the photocatalytic mechanism of
the NaBiS,/ZnO nanocomposites, trapping experiments
were performed with numerous scavengers over the NBSZ10
catalyst to identify the contributions of the main active spe-
cies to the photodegradation process, as shown in Fig. 10.
In this study, the main active species for the degradation
of RhB were verified using BQ, TEA, and IPA as the radi-
cal scavengers of ‘O,", h*, and ‘OH, respectively [35]. The
photocatalytic performance of the NBSZ10 nanocomposite
was significantly inhibited with reductions from 99 to 42%
and 57% after the addition of BQ and TEA, respectively
(Fig. 10b). The degradation efficiency decreased slightly to
89% with the introduction of IPA, indicating that ‘OH was
not the main active species. These results suggest that both
the ‘O,~ and h™ radical species played significant roles in the
photodegradation process.

According to the foregoing experimental results, a pos-
sible mechanism for the improved catalytic activity of the
NaBiS,/ZnO nanocomposite was proposed, as schematically
shown in Fig. 11. Under visible-light treatment, NaBiS, can
be excited, producing electron—hole pairs. The photogen-
erated electrons in the CB of NaBiS, can quickly migrate to
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the CB of ZnO at the close interfacial attachment, as the CB
potential of NaBiS, (—0.493 eV) is more negative than that
of ZnO (—0.36 eV). However, the photoinduced holes in the
VB of NaBiS, cannot transfer to the VB of ZnO, because
the VB potential of NaBiS, (+0.707 eV) is less positive
than that of ZnO (+2.86 eV). Because the CB potential of
ZnO is more negative than E%(0,/'0,7)=—0.046 eV, the
electrons accumulated in the CB of ZnO can be trapped by
adsorbed O, molecules, resulting in the formation of the
reactive radical species ‘O, . Then, the generated ‘O, radi-
cals can directly oxidize organic pollutants. The VB poten-
tial of NaBiS, is less positive than Ee('OH/HzO) =2.27 eV,
indicating that the photogenerated holes of NaBiS, cannot
oxidize H,O to form ‘OH radicals. Thus, the photogenerated
holes of NaBiS, remain in the VB and can directly degrade
the organic pollutant. According to the results, the photoin-
duced reactive species ‘O,” and h* were favorable for the
photodegradation of RhB dye. This indicates that the photo-
assisted electron-transfer technique diminished the recom-
bination of photoinduced charge carriers and significantly
improved the photocatalytic performance of the prepared
nanocomposites under visible-light illumination.

4 Conclusion

A series of heterostructured NaBiS,/ZnO nanocomposites
were fabricated via a hydrothermal route for the removal
of organic pollutants under visible light. XRD results
confirmed the cubic phase of NaBiS, and the hexagonal
wurtzite phase of ZnO. TEM and HRTEM revealed that
the ZnO nanosheets were successfully anchored on the sur-
face of NaBiS, nanoribbons. Optical and PL studies indi-
cated extended visible-light absorption with a strong inter-
face between NaBiS, and ZnO, where the photogenerated
charge carriers were efficiently detached and enhanced the
photocatalytic activity. The as-prepared nanocomposites

(b)
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Fig. 10 Control experiment for the degradation of RhB over the NBSZ10 nanocomposite in the absence and presence of scavengers
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Fig. 11 Proposed mechanism
for the charge transfer and pho-
tocatalytic degradation of RhB
in the NaBiS,/ZnO nanocom- N 0,
posite . 0:? @ @

AV

v 0.493 eV CcB
@“\ D © € |
120 eV|NaBiS,
= -0.360 eV
+0.707 eV VB ZIIO
H,0 +CO, OB +2.860 eV
Pollutant

exhibited better catalytic performance than pure NaBiS, and
pure ZnO. Moreover, the NBSZ10 photocatalyst exhibited
exceptional visible-light-driven photocatalytic performance,
with~13.7 and ~4.2 times higher activity for the degradation
of RhB dye than pure ZnO and NaBiS,, respectively. Thus,
the heterojunction of NaBiS, and ZnO greatly improved the
charge separation and transfer of the photogenerated carri-
ers, significantly enhancing the catalytic performance.
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