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Addressing the pressing need to develop affordable and efficient catalysts is essential. In this study, we

successfully synthesized CusBiSs nanostructures with a modified morphology using three different
nitrogen bases: DBN, DBU, and DABCO via a hydrothermal technique. These nanostructures were used
for the electrochemical detection of organic nitro groups, a previously unexplored application for this

material. We conducted a thorough characterization of the CuszBiSs nanostructures using various
analytical and spectroscopic methods, including PXRD, FESEM, TEM, XPS, UV-vis, and BET, ensuring the
reliability of our results. We then investigated their performance in the electrochemical detection of 4-
dinitrophenol (4-NP) and 2,4-dinitrophenol (2,4-DNP) using a modified glassy carbon (GC) electrode.
The CusBiSsz material produced using DABCO exhibited better sensitivity towards 4-NP detection, with
a low limit of detection (LOD) of 0.50 uM compared to the ones synthesized using DBN and DBU.
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Furthermore, the synthesized materials demonstrated the ability to detect their structural analogue, 2,4-

DNP. The distinctive hierarchical nanostructures attained in CusBiSs highlight the benefits of developing

DOI: 10.1039/d4na00871e

rsc.li/nanoscale-advances enhanced catalytic activities.

1 Introduction

With the rapid progress in science and technology and the
widespread growth of industries, the demand for fuels and the
use of chemicals has increased significantly."” This develop-
ment has resulted in a surge in CO, emissions, toxic chemicals,
and other greenhouse gases, leading to environmental devas-
tation. Industries release excessive phenolic compounds into
the ecosystem, with nitrophenol being one of the most
hazardous. Many industries use nitrophenols to produce
various chemicals, such as dyes, medicines, and pesticides.*®
These nitrophenols are carcinogenic, poisonous, inhibitory,
and resistant to biological degradation. In particular, 4-nitro-
phenol (4-NP) and 2,4-dinitrophenol (2,4-DNP) are highly toxic
and cause environmental and biological harm.'>'* Even in small
amounts, 4-NP affects organs such as the brain and kidneys."***
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such catalysts and the impact of nitrogenous bases in defining the morphology of the materials with

Due to its strong chemical stability and microbial degradation
resistance, purifying water bodies contaminated with 4-NP is
complicated. Therefore, it is designated as a toxic contaminant
worldwide.

The techniques used to detect nitrophenols, such as UV-
visible spectroscopy and HPLC, are time-consuming since
they require the transfer of samples to the instruments. The
literature describes alternative methods like flow injection
reflectors, high-performance capillary zone electrophoresis, and
enzyme-mediated immune sorbent assays to detect 4-NP.
However, their high post-treatment costs and rigorous testing
conditions hinder their widespread adoption.’® As a result,
electrochemical detection using nanomaterial-based sensors
has emerged as a practical approach due to its rapid response,
ease of operation, high sensitivity, cost-effectiveness, and eco-
friendliness."” For example, Nurul et al. successfully synthesized
silver nanoparticles supported on graphene oxide to detect 4-
NP, achieving a limit of detection (LOD) of 1.2 nM.? Dhanase-
karan et al. reported the synthesis of silver nanoparticles doped
on Co-Al layered double hydroxides protected by poly(o-phe-
nylenediamine) as electrocatalysts, which exhibited a LOD of
63 nM and 50 nM for detecting 4-NP and 2,4-DNP, respectively,
through electrochemical methods.*® Considering the significant
LOD of these materials for 4-NP detection, it is imperative to
develop improved catalysts for both the detection and degra-
dation of 4-NP and its similar compounds.
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Transition metal chalcogenides have garnered significant
attention due to their exceptional physical, chemical, and
electrochemical properties. The presence of vacant d-orbitals in
transition metals enables the formation of chalcogenides with
diverse compositions and stoichiometry, including binary,
ternary, and quaternary structures.' These nanostructures
exhibit unique characteristics, such as varying bandgaps,
excellent electrical conductivity, and smooth charge carrier
transfer. Owing to these versatile features, transition metal
chalcogenides are used in energy conversion and storage
devices, thermoelectric systems, electro-photo catalysis, energy
harvesting materials, and hydrogen generation.>**”

Copper-containing semiconductors prepared from abundant
and environmentally safe elements have shown great promise
as photoelectrocatalysts. Nanostructured materials like
Cu,SnS;, Cu,ZnSnS,, Cu,FeSnS,, and Cu,BaSnS, have been
found to be excellent candidates for photoelectrocatalytic water
splitting due to their favorable bandgap (1.2-1.5 eV) and high
absorptivity coefficients.”® In particular, the wittichenite crystal
phase of Cu;BiS; is considered highly suitable for photovoltaic
absorption, boasting a high absorptivity coefficient of
~104 cm™* and an appropriate band gap of ~1.5-1.7 eV.>>*° For
instance, Jiajia et al. synthesized a Cu;BiS; nanorods/TiO, het-
erostructure using a simple solution dip-coating technique,
which displayed stronger absorption in the visible region
compared to pure Cu3BiS; and pure TiO,.** When utilized for
the photoelectrochemical hydrogen evolution reaction, this
material outperformed pure Cu;BiS; nanorods. While the
Cu;BiS; nanostructure exhibits impressive properties, its
capabilities in CO, and N, reduction, as well as its potential for
detection/sensing applications, have not been extensively
explored and warrant further investigation.

We have developed a hydrothermal process to prepare the
wittichenite phase of Cu;BiS; in various morphologies using
three different organic nitrogenous bases: DBU, DABCO and
DBN. These bases served as ligands or stabilizers to regulate the
product's morphology. In this study, for the first time, we
present Cu;BiS; in three different forms - spheres, rods, and
worm-like structures for electrochemical 4-NP detection and its
analogs (2,4-DNP). These catalysts exhibited remarkable optical
and charge transport properties and possess large specific
surface areas, as demonstrated by their excellent electro-
chemical activities.

2 Experimental
2.1 Materials

Cuprous nitrate (Cu(NO3),-5H,0), Bi(NO3),-5H,0, thiourea,
DBU, DABCO, DBN, ethanol, water, and ethylene glycol were
obtained from Sigma-Aldrich. The chemicals were high purity;
no other second purification step was required.

2.2 Synthesis of Cu;BiS;

Step-i: in a typical synthesis, a solution was created by mixing
ethanol (32 ml), water (2 ml), and ethylene glycol (22 ml) in
a round-bottom flask. The precursors of Cu(NOj),-5H,0
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(200 mg, 1.07 mmol), Bi(NO3),-5H,0 (110 mg, 0.35 mmol), and
DBU (50 pL, 0.35 mmol) were simultaneously added to the
solution. The resulting mixture was then transferred to
a hydrothermal bomb and stirred for 24 hours. Subsequently,
the reaction temperature was set at 170 °C for 2 hours and then
cooled to room temperature. The resulting mixture was washed
with distilled water multiple times to obtain CuBi precursor. It
was dried in a vacuum oven to remove any moisture.

Step-ii: the dried material (CuBi precursor) was dispersed
again in 55 ml of distilled water and stirred for 30 minutes,
followed by the addition of thiourea (81 mg, 1.07 mmol). The
mixture was left for 6 hours at 160 °C in a hydrothermal bomb.
After the allotted time, the reaction mixture was allowed to cool
to room temperature. The resulting black materials were
washed with ethanol and water several times and then dried in
an oven at 60 °C for 24 hours.

The similar reactions were performed in the presence of DBN
(42 pL, 0.35 mmol) and DABCO (59 mg, 0.35 mmol) separately.
The final materials obtained were labeled as Cu;BiS;-DBU,
Cu;BiS;-DBN, and Cu;BiS;-DABCO.

2.3 Characterization and instrumentations

The crystal structure predictions of Cu;BiS; were determined
using powder X-ray diffraction (PXRD) with a Bruker D8 X-ray
diffractometer equipped with a Cu-Ka radiation source (A =
0.15406 nm). Surface analyses were carried out using field-
emission scanning electron microscopy (FESEM) with an
Ultra 55 Carl Zeiss instrument operating at 10 kV, as well as
transmission electron microscopy (TEM) with an FEI Technai
G2 20 STEM with a 200 kV acceleration voltage. Optical prop-
erties, such as absorption spectrum and band gap, were
examined using a JASCO-V770 UV/Vis spectrometer. Surface
area and pore size analysis were conducted based on adsorp-
tion-desorption isotherms using Quantachrome instruments.
The elemental composition and oxidation states were also
analyzed via X-ray photoelectron spectroscopy (XPS) using
a Thermal Scientific Escalab 250Xi spectrometer with Al-Ko
radiation.

2.4 Electrochemical measurements

The prepared materials were evaluated for the electrochemical
reduction of 4-nitrophenol (4-NP) and 2,4-dinitrophenol (2,4-
DNP) using CHI 6612E (Shanghai Chenhua Instrument Co.,
China) electrochemical workstation in a three-electrode set
up. The platinum electrode served as a counter electrode,
silver/silver chloride (3.5 M KCl) as the reference electrode,
and the electrocatalyst-modified glassy carbon electrode
(GCE) as the working electrode. The catalyst was prepared by
taking 2 mg of either Cu;BiS;-DBU, Cu3BiS;-DBN, or Cu;BiS;-
DABCO in a mixture of water and isopropanol followed by
addition of 30 pl of Nafion binder. The prepared slurry of
catalyst was coated on the surface of pre-cleaned GCE. The
0.1 M phosphate buffer solution (PBS) was used as supporting
electrolyte at different pH. Varying amounts of 4-NP and 2,4-
DNP were added into the buffer solution while performing
sensing activity.

© 2025 The Author(s). Published by the Royal Society of Chemistry
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Fig.1 The PXRD patterns of CusBiSz (JCPDS 43-1479) obtained using
DBU (spheres), DBN (worms) and DABCO (rods).
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3. Results and discussion

3.1 Synthesis and characterization of Cu;BiS;
nanostructures

A hydrothermal method was employed to produce Cu;BiS;
nanomaterials with diverse morphologies using three different
organic bases (DBN, DBU, and DABCO). The crystal structure
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and phase purity of the prepared Cu;BiS; were analyzed using
Powder X-ray diffraction (PXRD) (Fig. 1), revealing that all peaks
in the three PXRDs can be attributed to the orthorhombic phase
of Cu;BiS; (JCPDS 00-043-1479, a = 7.696 A; b = 10.38 A, ¢ =
6.711 A). The diffraction peaks at 26 value of 15.74°, 17.09°,
19.53°, 23.15°, 24.70°, 26.74°, 28.10°, 29.00°, 30.31°, 31.31°,
33.88°, 34.87°, 36.07°, 41.51°, 43.04°, 44.17°, 45.34°, 46.38°,
48.01°,49.91°, 51.83°, 52.77°, 54.55° and 57.61° belong to (110),
(020), (111), (200), (210), (201), (211), (031/102), (112), (131/102),
(122), (230), (301), (321), (113), (241), (312), (331), (410), (133/
340), (251), (060), (430) and (323/342) diffraction planes. The
most intense sharp peak at 31.2° corroborates the (131) crystal
facet of the material, consistent with JCPDS card data 43-1479.%
No diffraction peaks corresponding to other phases of Cu;zBiS;
were detected, underscoring the phase purity of Cu;BiS;.

The XPS analyses have verified the existence of specific
elements and their chemical states in the produced materials.
Fig. 2 displays the survey spectrum of Cu;BiS; hierarchical
structures, confirming the presence of Cu, Bi, and S elements.
Furthermore, in Fig. 2b, the notable intense peaks at 936.4 eV
and 956.7 eV binding energies closely resemble the Cu 2p;,, and
Cu 2p,,, peaks of Cu;BiS;. Additionally, Fig. 2c illustrates the
binding energies of the bismuth 4f doublet at 162.1 eV and
168.5 eV, corresponding to the Bi 4f;, and Bi 4f5/,. The spin-
orbit splitting value of Cu 2p and Bi 4f is calculated to be
19.7 eV (Cu*) and 5.3 eV (Bi*"). The S 2p peak is observed at the
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Fig.2 The XPS spectra of CusBiSs nanostructures (a) survey spectrum showing the presence of all the required elements. (b) XPS spectra of Cu

2p (c) XPS spectrum of Bi 4f and (d) XPS spectrum of S 2p.
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binding energy of 163.1 eV, consistent with existing literature
reports. Consequently, the XPS spectra of Cu;BiS; nano-
structures validate the presence of Cu®, Bi**, and S>~ chemical
states within the obtained Cu;BiS;.%®

3.2 Morphology and surface area of Cu;BiS; nanostructures

The examination of Cu;BiS; nanomaterials using FESEM revealed
variations in the surface morphology of three samples produced
in reactions in the presence of three different bases (Fig. 3).
Cu;BiS;-DBU samples displayed a spherical morphology, Cu;BiS;-
DABCO showed a rod-like surface, and Cu;BiS;-DBN exhibited
a worm-like morphology (Fig. 3a—c). The morphological results
clearly indicate that the organic basis played a well definite role in
architecting the surface of nanocrystals, which have great impact
on the catalytic activities of achieved structures. The high
magnification FESEM images representing individual sphere,
rod, and worms are shown in Fig. S1.1 The average particle size of
Cu;BiS; nanostructures is calculated as shown in Fig. S2a-c.t
Additionally, TEM analysis confirmed the spherical morphology
of Cu;BiS;-DBU with an average diameter of 101.89 nm, the rod-
like topography of Cu;BiS;-DABCO with an average length of
13.84 nm and an average width of 21.19 nm, and the worm-like
morphology of CuzBiS;-DBN with an overall size of 97.85 nm
(Fig. 3d-f). The EDAS (Fig. S31) additionally reveals that all the
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elements were equally distributed within the Cu;BiS; nano-
structures. Furthermore, the high-resolution TEM micrographs of
the synthesized materials exhibited close d-spacing with their
corresponding PXRD. The distances of 0.28 nm between lattice
fringes were consistent with the (131) crystal planes for the
sphere-shaped material. Similarly, interplanar spacings of
0.28 nm corresponded to (131) plane for the rod-shaped material,
while the spacing of 0.28 nm aligned with the (131) crystal facet of
the worm-shaped material. The corresponding SAED patterns of
synthesized Cu;BiS; nanomaterials are shown in Fig. S1d-f.T The
bright spots in SAED reveals the high crystalline nature of Cu;BiS;
nanomaterials which is in good agreement with the PXRD values.

Besides surface morphology, the exceptional catalytic activ-
ities of nanostructured materials can also largely be attributed
to their specific surface area. In this study, we analyzed the
nitrogen adsorption-desorption BET isotherms of Cu;BiS;
materials (refer to Fig. 4). The specific surface areas of the three
Cu;BiS; nanostructures exhibiting spherical, rod-like, and
worm-like morphologies were 19.570 m> g™, 22.723 m”> g™ ",
and 33.676 m* g, respectively. Additionally, the pore size
distribution of Cu;BiS; nanostructures (refer to Fig. S4t) fell
within the 10-15 nm range, indicating a mesoporous structure.

The solid-state UV-visible diffuse reflectance spectra at room
temperature examined the optical properties of these materials

‘ 5nm

Fig.3 FESEM images: (a) spheres of CuzBiS3-DBU, (b) rods of CuzBiSs-DABCO, (c) worm-like morphology of CusBiSz-DBN. TEM (d) spheres, (e)
rods, (f) worms of CusBiSs and their respective HRTEM images (g—i) with d-spacing.
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Fig. 4 The nitrogen adsorption—desorption isotherms of CusBiSs nanostructures (a) spheres (b) rods (c) worms.

in the range of 200 to 1200 nm. Analysis of the spectra
(Fig. S5at) revealed three broad peaks in the absorption spec-
trum of the synthesized CuzBiS; materials, spanning 400 to
800 nm. The optical band gap of Cu;BiS; materials (Cu;BiS;-
DBU, Cu;BiS;-DBN, and Cu;BiS;-DABCO) (Fig. S5bf) was
determined from the Tauc plot are found to be in the range of
0.45 to 0.90 eV. These measured band gap values are relatively
low compared to those previously reported in the literature,
suggesting that particle size may have a significant effect.

3.3. Electrochemical detection of 4-NP and 2,4-DNP

The catalyst's electrochemical behavior was explored in a solu-
tion containing 100 pM 4-NP in 0.1 M PBS. The resulting cyclic
voltammograms (CV) of Cu;BiS; at different pH levels (5-9) are
shown in Fig. 5. As expected, the CV results of the plain GCE
exhibited a low reduction current. The obtained CV curves of
Cu;BiS;-DBU and Cu;BiS;-DABCO materials with sphere and
rod morphology showed poorer current responses (Fig. 5a and
b) compared to Cu;BiS;-DBN with a worm-like morphology
(Fig. 5c). The higher reduction current of Cu3BiS;-DBN is
primarily attributed to its larger surface area, presence of
a greater number of active sites, and hierarchical morphological
structure. The activity of Cu;BiS; towards 4-NP was primarily
identified by adding 4-NP to 0.1 M PBS solution at pH 6. It was
observed that (Fig. S6a—ct) the current was increasing with the
addition of 4-NP, which clearly indicated the sensing activity of
Cu;BiS; materials.

© 2025 The Author(s). Published by the Royal Society of Chemistry

The pH of the medium significantly influenced the electro-
chemical detection of 4-NP due to the involvement of phenolic
hydroxyl groups in proton transfer reactions, leading to the
formation of quinones.**** The current plots obtained at
different pH levels (5 to 9) for all three materials (Fig. 5d—f)
showed the maximum reduction current achieved in the case of
Cu;3BiS;-DBN (worm-like). The pH studies revealed that as the
pH increased from 5 to 9, the cathodic peak potential of 4-NP
consistently shifted to the negative side. The peak current ()
of 4-NP was identified to be higher at pH 6.0. Therefore, for
further evaluation of the materials' sensing/detection perfor-
mance, pH 6.0 was considered the optimal pH in this study.

We conducted a study to assess the impact of 4-NP concen-
trations on the reduction current at 0.1 M PBS pH 6. We plotted
the effect of increasing 4-NP concentrations from 10 uM to 100
UM on the CV (Fig. 6a—c). Our findings indicated that the higher
concentration of 4-NP led to a more pronounced intensity of the
reduction peak in worms (Fig. 6¢) than in sphere and rod
morphologies (Fig. 6a and b). Moreover, when we correlated the
plots of reduction peak current with the concentration of 4-NP,
we observed linear fits, as depicted in Fig. 6d-f. This observa-
tion suggests that the increase in concentration had a linear
effect on the detection of 4-NP by the synthesized materials,
with the maximum limit observed for Cu;BiS;-DBN worms.

Furthermore, in order to explore the changing aspects of the
electrode reaction, we studied the CV curves of Cu;BiS; at
different scan rates while maintaining the 4-NP concentration

Nanoscale Adv., 2025, 7, N143-1153 | 1147
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corresponding plots of current vs. different pH.

constant. The graphs in Fig. 6(g-i) illustrate that as the scan
rates increased (20-120 mV s’I) at a constant 100 pM concen-
tration of 4-NP (pH-6) within a potential window of —1.0 to
1.0 V, there was an increase in the reduction peak current. This
enhancement was most noticeable in the Cu;BiS;-DBN worms
compared to the other two morphologies, Cu;BiS;-DBU spheres
and Cu;BiS;-DABCO rods. This enhanced activity of CuzBiS;-
DBN worms was further supported by the graphs obtained by
plotting the square root of scan rates against peak currents
(Fig. S6d-ft). The linear trend line indicates a sharp increase in
current, possibly due to the diffusion-controlled process.

For further exploration of the 4-NP sensing, the limit of
detection (LOD), limit of quantification (LOQ) and sensitivity of
the three morphologically different Cu;BiS; materials were
studied. The LOD were calculated by the equation as:*®

LOD =3 x /S
LOQ = 10 x d/S

where ¢ is the standard deviation of the blank sample and S is
the slope of the calibration curve. By using this equation, the
LOD was determined to be 0.19, 0.13, 0.10 uM for Cu;BiS;-S,
Cu;BiS;-R, and Cu3BiS;-W respectively. In Table 1 we have re-
ported the comparison of 4-NP electrochemical detection by the
as synthesized Cu;BiS; nanomaterials with different morphol-
ogies. From the results, it is observed that our approach of
synthesizing materials has achieved a lower value of LOD,
which may be credited to the high specific surface area of the
synthesized materials and the resilient contact between the
improved electrode surface and analytes. Therefore, it is clear

1148 | Nanoscale Adv, 2025, 7, 143-1153

that the CuzBiS;-DBN modified electrode requires the low
potential for detection of 4-NP at micromolar levels.

Electrochemical impedance spectroscopy (EIS) is a crucial
tool for evaluating electrochemical behaviour. The electrical
hysteresis characteristics of CuzBiS; and bare glassy carbon
electrode (GCE) were investigated using EIS in a 5 mM
K;[Fe(CN)¢] solution. The loaded electrode created an arc with
a lesser radius than the unloaded electrode in EIS (Fig. 7h). This
result indicated that the CuzBiS;-DBN nanomaterial effectively
reduces the charge transfer resistance of the GCE surface,
leading to improved electron conduction efficiency compared to
the unloaded electrode. The presence of CuzBiS;-DBN with
a worm-like morphology significantly alters the electrical
properties of the GCE surface, making it a promising EIS sensor
for detecting cells, bacteria, and biomarkers. Conversely,
Cu;BiS; with spherical and rod-like morphologies do not
exhibit similar effectiveness. The electroactive surface area was
examined using CV in 0.1 M KCI solution containing 5 mM
K;[Fe(CN)¢], as shown in Fig. 7g. The enhanced peak current
observed in the CuzBiS;-DBN with a worm-like morphology
indicates an increased active surface area, which is attributed to
the improvement in the redox reaction of Fe(CN),>"*~. These
results suggest that CuzBiS;-DBN exhibits superior electron
transfer capability compared to Cu;BiS;-DABCO and Cu;BiS;-
DBU.

An analogous electrochemical phenomenon was observed in
detecting 2,4-DNP in the presence of Cu;BiS; nanocatalysts.
Various studies were conducted to analyze the impact of
different parameters, such as pH, scan rates, and 2,4-DNP
concentration on the sensing capabilities of Cu;BiS; catalysts.
As depicted in Fig. 7a-c with varying concentrations, the

© 2025 The Author(s). Published by the Royal Society of Chemistry


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d4na00871e

Open Access Article. Published on 20 December 2024. Downloaded on 1/13/2026 3:40:01 AM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

View Article Online

Paper Nanoscale Advances
150
100-(3) 100-(b) (c)
100
_ 504 -
< o ERNY 3 o
= £ 50 g
2_100. oM 5_100_ 100 uM 5-100- 100 M
3 O 0
10uM -150 10,M -200 10pM
-2001 -200 )
: ; : : - sl . \ ; - S0, : : :
10 05 0.0 0.5 0 05 00 05 1.0 0 05 00 05 1.0
Potential (V) vs Ag/AgCl Potential (V) vs Ag/AgCl Potential (V) vs Ag/AgCl
120 110 180
(d) (e) (f)
110 100 160
100
90- -
A o] 2 - 2140
i 90 R*=0.9970 < 5] S
< 801 - £120-
E £ 70 s
g 70] g . £100
S 601 ) E 604  R*=0.9941 3
50 _/‘;fﬁo-g/‘/ 50 801
401 40 60+
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
Concentration (uM) Concentration (uM) Concentration (uM)
100 200 400
(g) (h) (i)
501 100- 2001
2 N 3 <
2 by 0+ = 0
£ 504 2omvis | 8 b
5 £ 1 Ea00 2omvis | £-200 120mVis
£-100- = E
3 wmvis | ©
o 200+ 20mVis -400- 20mVis
-150+
2200+ -300 -600+
-1.0 1.0 20 05 00 0. 1.0 A0 0 05 0.0 1.0

-0.5 0.0 0.5
Potential (V) vs Ag/AgCl

5
Potential (V) vs Ag/AgCl

0.5
Potential (V) vs Ag/AgCl

Fig.6 CV of CuzBiSs at different concentrations of 4-NP (10—-100 um). (a) CusBiSz-DBU spheres, (b) CuzBiSs-DABCO rods, and (c) CuzBiS3-DBN
worms. (d and e) The corresponding linear fit plots of current vs. concentration, and (g—i) CV at different scan rates of 20-120 mV s * of the three

morphologies respectively.

Tablel The LOD and sensitivity of CuzBiSz nanomaterials in detection
of 4-NP and 2,4-DNP

LOD LOQ Sensitivity

Material Experiment  (uM) (uM) (LA M em?)
Cu;BiS;-sphere 4-NP 0.193 0.586 7.87
Cu,BiS;-rod 4-NP 0135 0410  13.87
Cu;BiS;-worm 4-NP 0.103 0.314 26.23
Cu;BiS;-sphere 2,4-DNP 0.158 0.480 0.087
Cu;BiS;-rod 2,4-DNP 0.110 0.333 0.082
Cu;BiS;-worm 2,4-DNP 0.104 0.240 0.766

reduction current increases with the rise in 2,4-DNP concen-
tration, which is further evidenced by linear plots (Fig. 7d—f)
illustrating the relationship between current and concentra-
tions. Similarly, the influence of pH and scan rates was also
investigated with the other parameters (Fig. S7 and S8%). The
values of LOD, LOQ and sensitivity of the synthesized electro-
catalysts are presented in Table 1. The findings reveal that the
worm-shaped nanostructures exhibit the most effective sensing
capability among the three different morphologies for detecting
2,4-DNP.

© 2025 The Author(s). Published by the Royal Society of Chemistry

In addition, the electrochemical properties of Cu;BiS;3
nanostructures were confirmed through chronoamperometry
response for 4-nitrophenol (5-35 um) and 2,4-dinitrophenol
(10-50 um) in a 20 ml solution at pH 6 PBS, under a potential of
0.30 V (Fig. 8a-f). The research indicated that the catalysts
operational conditions were directly impacted by the regular
addition of the substrates at 50 seconds intervals. Each incre-
mental addition (5 pm for 4-nitrophenol and 10 um for 2,4-
dinitrophenol) displayed a consistent linear trend. The elec-
trode system exhibited rapid responses to each 4-nitrophenol
and 2,4-dinitrophenol addition and reached current saturation
within 5 seconds. The linear correlation between current and
concentration maintained a consistent pattern, demonstrating
a proportional relationship between the response current and
the concentrations of 4-nitrophenol and 2,4-dinitrophenol
(Fig. S91). This study underscores the sensitivity and precision
of Cu;BiS; morphological structures in detecting 4-nitrophenol
and 2,4-dinitrophenol.

3.4. Interference study of 4-NP and 2,4-DNP with Cu;BiS;

The interference studies of 4-NP and 2,4-DNP were conducted in
the presence of other potential interferents that could hinder

Nanoscale Adv., 2025, 7, 143-1153 | 1149
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the accurate detection of 4-NP and 2,4-DNP (refer to Fig. S10t). A
range of interferents, including nitrobenzene, resorcinol, cate-
chol, quinone, aniline, KCl, and acetate, were selected to

100k
Z'(Q)

(a—c) CV at different concentrations for 2,4-DNP, (d—f) linear plots of current vs. concentrations with three different morphologies. (g and

demonstrate the selectivity of the modified electrode. It was
observed that the Cu;BiS; catalysts exhibited minimal change
in current response in the presence of interferents when
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compared to 4-NP and 2,4-DNP, even at higher concentrations.
Among the three morphologies, the worm shape displayed
exceptional anti-interference ability.

When Cu;BiS; nanomaterial is used as an electrocatalyst to
detect 4-NP, its mesoporous nanostructure can smoothen the
adsorption of H,O and 4-NP. Henceforward, 4-NP molecules
can be electrochemically reduced to 4-hydroxylaminophenol (4-
OH-AP) through the four-electron process (Step i), where the
reduction peak (R1) is observed. Successively, the electro-
chemical oxidation-reduction interaction occurs between 4-
OH-AP and 4-nitrosophenol via the two-electron process (Step
i), additionally ensuing in the predominance of the oxidation
peak (O) and the other reduction peak (R2) (Fig. 9).> Likewise,
the electrochemical detection of 2,4-DNP on the surface of
Cu;BiS; take place through the concurrent exchange of hydroxyl
radical by removing two nitro groups (+0.031 and +0.32 V). The
quinone is additionally reduced (—0.16, —0.58, and —0.80 V);
hence, all the nitro groups are concentrated in amine
groups.'®*”

4 Conclusion

Utilising hydrothermal approach, Cu;BiS; nanostructure with
three distinctive morphologies were created and used for the
electrochemical detection of 4-NP and 2,4-DNP. The nano-
structures showed outstanding performance in precisely
detecting trace levels of 4-NP with a LOD of 0.103 pM for worms,
as well as in the detection of 2,4-DNP with LOD of 0.104 uM for
worms. Due to the hierarchical morphology, small particle size,
associated with numerous exposed active sites, and fast charge
transfer the Cu;BiS; nanostructure showed exceptional detec-
tivity of nitro compounds. Here, the specific morphology
comprising nanorods, nanospheres, and nanoworms is the key
feature of Cu;BiS; to achieve outstanding electrocatalytic
performance. The Cu;BiS; material exhibited exceptional long-
term stability, selectivity, and reproducibility of catalysts. Our
findings showed that morphology is also influencing catalytic
activity in addition to the surface area. The use of nitrogenous
base (DBN, DBU, and DABCO) tuned morphology will provide
insight into building novel multifunctional, with hierarchical
distinctive morphologies nanomaterials for sensing and other
catalytic activities.

© 2025 The Author(s). Published by the Royal Society of Chemistry
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