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ABSTRACT

In this paper, the photofluorescence emission, energy reflection and diffusion properties, band
gap energy, surface charge distribution and magnetic properties of Bi:WOs@(0-5)%GO
nanoparticles have been further studied. The photoluminescence (PL) spectrum of Bi;WOs@)/(0-
5)%GO nanoparticles has strong emission in the blue-red light region (450-713 nm), in which the
peaks at 468 and 569 nm correspond to the energy shift in the oxygen vacancy state of Bi:WO.
The emission intensity of Bi2WOs@5%GO in the 435-525 nm region is lower than that of Bi:WOs,
which reduces the recombination rate of electrons and holes in the Bi;:WOs@5%GO hybrid
nanocomposite. GO enhanced the energy absorption capacity of Bi:WOs@5%GO in the visible
region, and the band gap of Bi:WOs@,(0-5)%GO nanoparticles was in the range of 2.76 - 2.88 eV.
Both GO and Bi:WOs@(0-5)%GO nanoparticles had negative surface charges ranging from -
21.697 mV to -9.124 mV and had small magnetism. The chemical adsorption of phenol red (PR)
on the surface of Bi:WOs@(0-5)%GO nanoparticles was from 22.25% to 31.96%, following the
second-order adsorption kinetic model with a correlation coefficient R? of about (0.971-0.992). In
particular, Bi:WOs@/(0-5)%GO nanoparticles had good photocatalytic activity, the
photodegradation efficiency of PR reached 64.89% - 86.04% under visible light illumination in
210 min. The PR photolysis reaction followed the first-order reaction kinetic model, in which the
Bi:WOs@5%GO nanocomposite exhibited high photocatalytic activity, with the photolysis
reaction rate constant 1.83 times larger than that of the original nano Bi;WQs. Based on its
outstanding properties, nanocomposite Bi:WOs@/(0-5)%GO has potential applications in the
treatment of color indicators/dyes in chemistry and food technology, in the textile industry and in
the fields of semiconductor technology, electrical engineering, electronics, luminescence,
automation and green chemistry.
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1. INTRODUCTION

Bi2WOs materials have attracted significant attention due to their unique structural, electrical, and
optical properties [1-5]. At room temperature, Bi2WQs exhibits an orthorhombic Aurivillius-type
layered structure (space group P2:ab). Its electrical conductivity depends on oxygen partial pressure:
ionic conduction dominates at 1-10"" atm, while electronic conduction prevails at lower pressures
[6-10]. A major drawback is the fast recombination of photogenerated e —h* pairs, which has been
addressed by transition metal doping (RE, Cu, Ag, Au, Ti, Fe,...), forming composites with GO, g-
CsNg, or biochar, and engineering nanostructures (nanosheets, hollow spheres, microspheres). These
strategies significantly improve the photocatalytic activity of BioWOs [1, 7-8].

With a bandgap of 2.6-2.9 eV, Bi2WOs is suitable for visible-light-driven applications (425 -
480 nm), including organic pollutant degradation, environmental sensing, and energy conversion
[1]. Various composites, such as BWO/GO, BWO/GR, BWO/Bi-M0oOs, BWO/rGO, and
BWO/TiO:/rGO, have been developed, enhancing adsorption and photocatalytic degradation of
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RhB, MB, NO, phenol, Cr(VI), bisphenol A, E. coli, and pathogenic bacteria, as well as
supercapacitor performance [2-11]. Noble metal doping (Au, Ag, Cu, Pd, Pt) and coupling with
BiOI or BiPOs4 further improve light absorption, charge separation, and photocatalytic efficiency.

Previous studies characterized Bi2WOs@(0-5)%GO (BWG-x) using XRD, FT-IR, Raman,
SEM/TEM, EDS, and BET. FT-IR confirmed characteristic GO and BioWOQOs vibrations, while
Raman showed D, G peaks of GO and Bi2WOs@5%GO modes (Eg, Blg, Alg). XRD indicated a
crystalline structure with slightly increased crystallite size (11.16—15.48 nm). SEM/TEM revealed
GO nanosheets and BWG-x aggregates <60 nm, and EDS confirmed uniform O, Bi, W, C
distribution. Bi2WOs@5%GO exhibited a relatively high surface area (15.77 m?-g™') with meso-
/micropores, close to type III isotherm [12]. Phenol red (PR, CisH140sS, 354.39 g-mol™), a pH-
sensitive triarylmethane dye containing C=C bonds, benzene rings, —-OH and —SOs groups, is
widely used in indicators, cell media, pool testing, food processing, aquaculture, and molecular
biology, and was once applied in phenolsulfonphthalein (PSP) tests for renal plasma flow. This
work investigates the photoluminescence, reflectance, surface charge, magnetism, and
photocatalytic activity of BWG-x for PR degradation.
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Figure 1. lonic structural Figure 2. Photodegradation mechanism of PR by
formula of phenol red. Bi:WOs@(0-5) %GO nanocatalysts.
II. EXPERIMENTAL

2.1. Chemicals, instruments, and equipment

The Bi:2WOs@(0-5)%GO nanocomposites were synthesized via an ultrasound-assisted
hydrothermal method, through 3 steps: (i) precipitation of 0.02 mol Bi(NOs)s-5H20 and 0.01 mol
Na:WO0a4-2H:0; (ii) addition of 0 - 5 wt% GO with stirring (30 °C, 1 h), ultrasonic treatment (60
°C, 2 h), and hydrothermal reaction (200 °C, 15 h); (iii) filtration, washing, drying (60 °C, 2 h),
and calcination (400 °C, 3 h). Their optical, surface charge, and magnetic properties, as well as PR
degradation ability, were examined using PL (FLS 1000), UV-Vis-DRS (Cary 5000), VSM
(VAST), and UV—Vis absorption of PR (UV-1700, Shimadzu) under visible light from a xenon
lamp (420 - 575 nm).

2.2. Treatment of phenol red using nanomaterials Bi:WOs@GO

For each experiment, 25.0 mg of Bi2WOs@/(0-5)%GO was added to 50.0 mL PR solution (25.0
mg/L, pH 7.0) in a 100 mL beaker and stirred for 5 min. Adsorption efficiencies were first
measured at 15 - 75 min, then the suspensions were irradiated with visible light (0-210 min) at a
distance of 10 cm in a dark chamber.

A -4 A
%H =———.100=(1-—).100
0 y ( y ) (1)

[ o

At selected times, aliquots were withdrawn, centrifuged (3000 rpm, 5 min), and analyzed by
UV-Vis (240-660 nm). The PR removal efficiency (%H) was calculated from absorbance at 430
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nm using equation (1), where Ao and A are the absorbance initial and treatment at time ¢. Origin
2025 software was used for data fitting of adsorption and photocatalytic kinetics parameters of
Bi2WOs@(0-5)%GO nanocomposites.

3. RESULTS AND DISCUSSION
3.1. Optical properties and surface charge distribution of nanoparticles Bi2WQs@(0-5)% GO

3.1.1. Photoluminescence emission spectra of the materials
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Figure 3. (a) PL spectra of BizWOs@,(0- Figure 4. (a) UV-Vis—DRS and (b) E, of GO
5)%GO,(b) Zooming of the range (435 - 525 nm).  and nanomaterials. Bi:WOs@/(0-5)%GO.
Figure 2a shows the PL emission spectra of Bi2WOs@/(0—5)%GO under 260 nm excitation,
with strong emissions from 439—713 nm. The 397 nm peak corresponds to band-edge emission,
while peaks at 468 and 569 nm originate from oxygen-vacancy-related states in Bi2WQs. Figure
3b highlights the 435-525 nm region, where Bi2WOs@5%GO exhibits lower PL intensity than
pure Bi2WQes. This quenching, caused by GO-Bi2WOs hybridization, indicates suppressed
recombination of photogenerated e /h* pairs and enhanced oxygen-vacancy formation. Emission
peaks at 420-544 nm confirm efficient charge separation, suggesting superior photocatalytic
performance of Bi2WOs@5%GO [2, 3].

Band-edge emission (~ 397 nm) reflects near-band-edge recombination, while peaks at 468 nm
(shallow VO/W?>" centers) and 525 - 569 nm (deeper Vo or strongly coupled W** centers) arise
from defect states. The broad emissions (439 - 713 nm) indicate multiple trap depths. GO provides
electron-accepting pathways, transferring CB electrons from Bi:WOs and reducing radiative
recombination. It also promotes Vo formation (W* — W>* reduction), leading to deeper defect
emissions (525 - 569 nm, 650 - 713 nm). Shallow Vo acts as a temporary electron reservoir,
delaying recombination and enabling interfacial charge transfer to O2/H-O for ROS ("O., ‘OH)
generation. Thus, GO enhances charge separation and electron transport, improving photocatalytic
activity under visible light.

3.1.2. Diffuse reflectance spectra and band gap energy of the materials

UV-Vis-DRS analysis (fig. 3a) shows that while GO absorbs across the full UV—Vis spectrum, the
Bi2WOs@(0-5)%GO nanocomposites exhibit absorption edges at 430 - 450 nm. Kubelka—Munk plots
(fig. 3b) indicate that the band gap (E) decreases from 2.884 eV for pristine Bi2WOs to 2.756 eV for
Bi2WOs@5%GO, consistent with previous studies [1-3, 8-11]. GO incorporation slightly increases
crystallite size while narrowing Eg, enhancing photocatalytic performance under visible light.

3.1.3. Zeta potential and magnetic properties of the materials

Surface charge analysis (figure 5) reveals negative zeta potentials (—21.697 to —9.24 mV),
suggesting strong adsorption potential toward positively charged pollutants. Magnetic
measurements (figure 6) show reduced saturation magnetization in BizWOs@5%GO due to the
non-magnetic nature of GO, confirming successful GO integration. As a result, centrifugation,
rather than magnetic separation, is recommended for post-treatment recovery.
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3.2. Evaluation of the Photocatalytic Activity of Bi2-WQs@(0-5)%GO Nanocomposites
3.2.1. Effect of treatment time and investigation of adsorption kinetic models
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Figure 7. UV=Vis molecular absorption spectra of PR under visible light in the presence of:
(a) Bi2WQOs, (b) Bi:WOs@5%GO, and adsorption kinetic models of
PR by Bi:WOs@/(0-5)%GO nanocomposites: (c) Pseudo-first-order;

(d) Pseudo-second-order; (e) Elovich; (f) Intraparticle diffusion.
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Figure 7 (a, b) shows that phenol red (PR) absorbance decreases with time, reaching adsorption
equilibrium at 75 minutes, with efficiencies of 22.245-31.964% for Bi2WOs@(0-5)%GO
nanocomposites. Adsorption kinetics were analyzed using four models (figure 7c—f), among which
the pseudo-second-order model fit best (R* = 0.971-0.992), outperforming pseudo-first-order,
Elovich, and intraparticle diffusion. This indicates that PR adsorption mainly follows a
chemisorption mechanism. The pseudo-second-order model yielded maximum adsorption
capacities 0f 9.269—15.240 mg.g™', with rate constants k. 0f 3.68x1072 and 1.61x1073 g'mg "' min™".

3.2.2. Photocatalytic kinetics of PR degradation using nano Bi:WOs@,(0-5)%GO

Under visible light (0-210 min), PR concentration decreased with Bi2WOs@(0-5)%GO
catalysts (figure 7a). Photodegradation efficiency increased from 64.89% (Bi2WOs@0%GO) to
86.04% (Bi2WOs@5%GO0), confirming the positive effect of GO hybridization, which enhances
surface area, adsorption, and photocatalytic activity. The Bi2WOs@5%GO nanocomposite
outperformed BWO/CN (2:1) for MB degradation [11], and adding H20O- can further improve
efficiency degradation [1, 4-6]. Its reduced band gap of Bi2WOs@5%GO (2.756 eV vs. 2.884 eV
for pure Bi2WOQs, figure 4b) facilitates e /h* separation, suppresses recombination, and promotes
‘Oz and "OH formation, driving PR redox into CO2, H2O, SO+*" via the mechanism in figure 8.
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Figure 8. (a) Variation trend of the C/Co ratio of 25 ppm PR solution (at pH 7.0) over
treatment time, (b) Linear kinetics of the photocatalytic degradation of PR using
Bi:WOs@(0-5)%GO nanocatalysts under visible light irradiation.

Figure 8b shows the first-order kinetics of PR photodegradation with Bi2WOs@(0-5)%GO
catalysts. The rate constants were 3.64x102 min™ (0% GO) and 6.66x1072 min™' (5% GO),
indicating that Bi2WOs@5%GO is 1.83 times more active than pure Bi>WOs. Incorporation of GO
forms a core—shell structure, where GO thin films increase surface area and promote charge
separation, effectively suppressing e /h* recombination. Consequently, Bi>WOs@5%GO shows
enhanced photocatalytic efficiency, broadening its potential in organic pollutant treatment [1, 3-6,
9-11] and catalytic disinfection [2, 7, 8].

4. CONCLUSIONS

Compared to pristine Bi2WOs, BizWOs@5%GO nanoparticles show enhanced
photoluminescence in the 420-740 nm range, reflecting increased oxygen vacancies. Emission
between 435-525 nm indicates efficient separation of photogenerated e/h* pairs. The
Bi2WOs@(0-5)%G0O nanocomposites possess narrow band gaps (2.88-2.76 eV), suitable for
visible-light applications.

All samples carry strongly negative surface charges, enabling high PR adsorption (22.25%—
31.96%) via chemisorption, consistent with the pseudo-second-order model. Under visible light,
they achieve photocatalytic degradation of PR with efficiencies up to 86.04% after 210 min,
following pseudo-first-order kinetics. Importantly, Bi>WOs@5%GO exhibits 1.83 times higher
photocatalytic activity toward PR than pristine Bi2WOe.
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TOM TAT

Vit li¢u dic ching nang cao nanocomp0s1te Bi:WOs@graphene oxit:
Tinh chit quang va hoat tinh quang xuc tac phan hiy phenol dé6

Bai bdo nay trinh bay két qua nghién citu cdc tinh chat phat xa huynh quang, phan xa
va khuéch tan nang leong, ning lrong viing cam phan bé dién tich bé mdt va tinh chat tir
cia nanocomposite Bi:WOs@(0-5)%GO. Phé PL ciia nano Bi>WOs@(0-5)%GO phdt xa
manh trong vung dnh sang xanh-do (45 0 - 713 nm), trong do cac dinh phat xa 6 468 va 569
nm twong ng véi sy dich chuyén nang leong trong trang thai khuyet oxy cua Bi;WOe.
Cuong do phat xa cua BlgW06@5%;GO trong vung 425-530 nm thap hon so véi Bi:WO,
diéu ndy lam giam toc do tdi hop ciia electron va I6 trong trong nanocomposzte lai
BleOg@.S%GO GO lam tang kha ning hdp thu néing lirong ciia vit liéu trong vung kha
kién va khodng cdch ddi ciia cdc nanocomposite BleOg@(O 5)%GO nam trong khoang
2,88 - 2,76 eV. Cac nano GO va BleOo@(O 5)%GO déu cé dién tich be mat am trong
khoang tir -21,697 mV d@én -9,124 mV va cé dé tir tinh nho. Hiéu sudt hdp phu phenol do
trén bé mat cac nano Bz;W05@(0 5)%GO dat tu" 22,25% dén 31,96%, theo mé hinh déng
hoc hdp phu bdc hai véi hé so twong quan R? ~ (0,971 - 10,992). Dac biét, cdic nano
Bi:WOs@/(0-5)%GO co hoat tinh quang Xuc tac tot hiéu sudt quang phan huy phenol do
(PR) dat 64,89% - 86,04% dudi chiéu sdng kha kién trong 210 phuit. Phan img quang phdn
PR tudn theo mo hinh dong hoc bdc nhat, trong do nanocomposzz‘e Bi:WOs@5%GO thé hién
hoat tinh quang xiic tdc cao, voi hdng s6 toc dé phan iing quang phan I6m hon 1,83 lan so
voi nano Bi:WOs ban dau Dua trén cdc dac tinh noi bat, cac hat nanocomposite
Bng06@(0 5)%GO co tlem nang iing dung xir 1y chat chi thi mau/pham nhuom trong hoa
hoc - cong nghé thiee pham, cong nghlep dét va trong linh viec cong nghé ban dan, ky thudt
dién, dién tr, phat quang, tw dong hoa va hoa hoc xanh.

Tir khoa: BixWOs@x%GO; Nanocomposite; Quang hoc; Quang xuc tac; Phenol dé.
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