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Abstract
Bismuth basic salts have wide applications due to their low cost and non- Keywords:
toxicity, and are at present being studied as photocatalysts. This research focuses BasmHsésrgwtﬁter;erate,
on the one-step synthesis of a basic bismuth nitrate and bismuth metal (Bi) Synthesis,
composite using sodium borohydride (NaBH,;) as a reducing agent in the Photocatalyst,
hydrothermal synthesis to enhance its photocatalytic efficiency in degrading the 3D Structure,
Rhodamine B.

Rhodamine B dye. Results showed that adding NaBH, leads to the improvement
of the three-dimensional meshing-tooth structure composed of 2D sheets and the
formation of metallic bismuth on the BBN surface, and the creation of structural
defects. These modifications result in enhanced photocatalytic efficiency of
BBN. FTIR and UV-Vis DRS analyses revealed the presence of nitrate groups LA
and a reduction in bandgap from 3.33 to 3.09 eV. The sample synthesized with | Gpen
0.0075 g of NaBH, demonstrated the highest photocatalytic activity in N 4
Rhodamine B degradation, with more than 95% of the Rhodamine B dye solution _

removed by UV-C 6W during 30 min. This is attributed to the surface plasmonic F;‘;f/‘?'s‘é(ejdl\jzrr‘ ;Z 22852
effect of metallic bismuth and efficient light harvesting by the layered structure. Accepted: Apr. 18, 2025
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One-step synthesis of basic Bismuth nitrate and Bismuth ...

1. Introduction

Among  bismuth-based compounds, Basic
bismuth nitrates' have attracted attention in recent
decades due to their low cost, non-toxicity,
abundant resources, rich crystal chemistry, and
wide range of applications. Certain BBNs can
function as adsorbents for azo dyes (Abdullah et
al., 2012), iodine (Bernard Ng and Fan, 2016),
and reactive blue 19. These compounds also
exhibit antibacterial properties (Zhao et al.
2023). Recently, BBNs have emerged as
attractive photocatalyst materials (Xie et al.
2012; Yang et al., 2013; Yang et al., 2015).
However, BBN only responds to UV light due to
its wide bandgap, which significantly limits the
practical application (Cui et al., 2015; Yang et al.,
2015). Recent studies have investigated BBN
composites to address this limitation (Oliveira et
al., 2021; Ma et al., 2018; Liu et al., 2010; Hu et
al., 2017; Yaghoobi-Rahni et al., 2025).

The prevention of charge carriers
recombination and the redox capacity of catalytic
materials  represent key advantages of
heterogeneous structures in enhancing
photocatalytic performance (Zeng et al., 2022).
Another approach to improve photocatalytic
properties involves employing noble metals like
silver and gold as co-catalysts on photocatalyst
surfaces. However, due to their high cost and
scarcity, they are being replaced by more
abundant metals with similar properties. Bismuth
has recently gained significant attention for this
purpose, as its Schottky junction formation
facilitates better charge carrier separation (Yao et
al., 2020). Limited studies have been reported on
Bi-BBN synthesis up to now.

BBN is suitable  for  constructing
heterostructures with other bismuth-containing
semiconductors, serving as an effective electron

! Basic Bismuth Nitrates (BBN)

Bi(NO,),5H,0
09701 g

— L_I,!‘E -

¥ 24h,120°C

trap in such heterojunctions (Zeng et al., 2022).
This configuration promotes better charge carrier
separation and enhances photocatalytic efficiency
(Hu et al., 2017). The oxygen vacancies and
internal electric field in BBN contribute to its
effectiveness as a photocatalyst for pollutant
degradation (Shang et al., 2018). In this study, we
employed a one-pot hydrothermal synthesis
approach using NaBH, as a reducing agent. This
strategy not only reduces synthesis costs and time
but also significantly enhances photocatalytic
efficiency through synergistic effects between
metallic bismuth nanoparticles and structural
defects. Furthermore, this approach enables
simultaneous control of the photocatalyst's
morphology and chemical composition.

2. Materials and methods

2.1. Synthesis of nanomaterials

Samples were synthesized via a hydrothermal
method. First, 0.9701 g of Bi(NO3)s;-5H,0 was
dispersed in 35 mL of distilled water using an
ultrasonic bath for 20 min to obtain a uniform
suspension. The mixture was then placed on a
magnetic stirrer, and while stirring, specific
amounts of NaBH, dissolved in 5 mL of distilled
water were added dropwise. The final mixture
was transferred into a 100 mL Teflon-lined
autoclave and maintained at 120 °C for 24 hours,
then cooled to room temperature. The obtained
precipitate was separated by centrifugation at
5000 rpm, washed several times with distilled
water and ethanol, and dried in a vacuum oven at
60 °C for 12 hours. Fig. 1 shows the complete
synthesis scheme and laboratory setup. The
samples were labeled according to the amount of
NaBH, used in their synthesis. Initial testing was
performed with 0 g and 0.0075 g of NaBH,,
followed by scaled-up quantities of 3x (0.0225 g),
6x (0.045 g), and 10x (0.075 g) the original dose.

ke

"

Fig. 1. Schematic of synthesis steps for BBN modified by bismuth and the photocatalytic system used for
optical activity evaluation
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Fig. 2. X-ray diffraction patterns of BBN samples synthesized with different NaBH,
concentrations at 120 °C
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Fig. 3. FTIR spectra of BBN samples synthesized with different NaBH, concentrations at 120 °C

3. Results and discussion

The crystalline structure of the samples was
analyzed by XRD. The sharp peaks indicated
good crystallinity of the synthesized materials,
with two prominent peaks at 10.3° and 31.3°
corresponding to (002) and (006) crystal planes,
respectively, perfectly matching the structure of
bismuth nitrate basic (JCPDS 53-1038) (Fig. 2).
No metallic bismuth peaks were observed in the
XRD pattern, likely due to its low concentration
and high scattering (Yaghoobi-Rahni et al., 2025;
Wang et al., 2019; Jin et al., 2022).

FTIR spectra of synthesized samples are
shown in Fig. 3. Peaks at 565 and 477 cm™
correspond to Bi-O bonds (Oliveira et al., 2021).
Peaks at 818 and 1029 cm™ (Najdanovi¢ et al.,

2019; Najdanovi¢ et al., 2020), and N-O bending
band at 1460 cm™ (Kan et al., 2022; Gao et al.,
2018; Oliveira et al., 2021) confirm nitrate
presence in the samples. Peaks at 1460 and 1026
cm® belong to monodentate nitrate groups
(Oliveira et al., 2021). A broad weak peak
centered at 3460 cm™ indicates lattice water.
Optical properties of the composite in
absorption mode were shown in the 250-800 nm
wavelength range (Fig. 4). Results revealed weak
visible light absorption, with absorption edges
estimated by linear fitting in Origin software
between 360-390 nm (Fig. 4). With increasing
NaBH, concentration, the bandgap decreased
from 3.33 eV in the control sample to
approximately 3.09 eV in the 0.0225 sample and
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Fig. 4. UV-Vis DRS spectra of samples synthesized with different NaBH, concentrations

Fig. 5. Comparative SEM morphology of untreated (a-c) and treated with 0.0075 g of NaBH, (d-f)

remained stable. At low NaBH, concentrations,
some metallic bismuth forms on the surface,
creating porous structures in which light can be
reflected, and the utilization rate of light is
improved. However, higher NaBH,
concentrations lead to more bismuth deposition,
altering the surface composition and reducing
light transmission, thereby limiting photocatalytic
activity (Gao et al., 2019).

The SEM images of samples synthesized (Fig.
5a-c) without NaBH, and with 0.0075 g NaBH,
(Fig. 5d-f) are presented in Fig. 5. Both samples
exhibit self-assembled three-dimensional

Water and Wastewater

spherical architectures composed of multilayered
meshing-tooth  structures. The NaBH,-treated
sample shows significantly refined 3D structures
and the emergence of highly porous sheet-like
morphology (Fig. 5f), which has not been
reported in similar studies. This structural
evolution suggests the crucial role of BBN's
dentate lateral surfaces in photocatalytic
processes. The dominant{110} facets observed on
these dentate structures (confirmed by XRD
analysis) align with previous findings (Yang et
al., 2015).

Photocatalytic degradation of Rhodamine B by
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Fig. 6. Photocatalytic degradation of Rhodamine B by synthesized samples with different NaBH,4
concentrations (0.05 g catalyst, 5 ppm, 6 W UV-C lamp)

BBN samples  with  different NaBH, addition leads to metallic bismuth formation on

concentrations is shown in Fig. 6. As observed,
the 0.0075 sample showed the highest
degradation efficiency. It can be attributed to the
surface plasmonic effect of metallic bismuth and
structural defects in BBN. At higher NaBH,
concentrations, severe defects occur in the BBN
structure, altering surface composition and
reducing light transmission, consequently limiting
photocatalytic activity (Gao et al., 2019).

4. Conclusion

This  study demonstrated a  significant
improvement in photocatalytic efficiency for
Rhodamine B degradation through one-step
synthesis of Bi/BBN composite using NaBH, as a
reducing agent. Results showed that NaBH,

Water and Wastewater
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the BBN surface, creates structural defects, and
causes XRD peak shifts to higher angles, while
also affecting the bandgap. Combining bismuth's
surface plasmonic effect with enhanced light-
harvesting, the 0.0075 sample showed optimal
degradation efficiency within 30 minutes. The
hierarchical 3D spherical morphology meshing
tooth, consisting of stacked layers with nano-
sheet substructures, creates a unique textural
profile in the BBN photocatalyst. Future
investigations should focus on optimizing
removal  conditions, stability,  reusability,
elucidation of degradation mechanisms, and
applying advanced analytical techniques (e.g.,
TEM, XPS) for in-depth interpretation of the
results.
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