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Abstract

Bi»S3 nanorods and quinizarine (QZ) were used to chemically modify a carbon-paste
electrode (CPE) (QZ/Bi,S3 NRs/CPE). This was employed as an electrochemical sensor to
measure trace levels of cysteamine (CYST). Because of a significant reduction in anodic
overpotentials, QZ/Bi,S; NRs/CPE demonstrated effective electrocatalytic activity for the
oxidation of CYST. Using differential pulse voltammetry, the linear range of CYST concen-
tration under ideal conditions was 0.5 to 500.0 uM, and the detection limit was 0.1 uM.
The modified CPE was used to determine CYST in urine and pharmaceutical samples.
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Introduction

Many researchers are drawn to metal sulphides (MS), mainly because of their high theoretical
specific capacitance and superior reaction-rate ability [1]. As an excellent electrode material, MS
looks promising for electrocatalysis [1]. For instance, supercapacitors have employed molybdenum
sulphide [2], nickel sulphide [3], titanium sulphide [4] and bismuth sulphide [5]. Bismuth sulphide
(Bi2S3) has a high theoretical capacity due to its narrow band gap, which provides excellent electrical
conductivity and effective carrier transport characteristics [5].

Cysteamine (CYST), an aminothiol molecule, is used to treat cystinosis [6]. A series of long-term
clinical studies suggests that CYST therapy (administered as CYST hydrochloride) helps stabilize renal
function; it also slows down glomerular degeneration and supports steady linear growth [7].
Numerous cell culture and animal models have demonstrated the neuroprotective properties of
CYST [7]. Determining this medication is therefore crucial for pharmaceutical and biological molecules.
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Several techniques were previously employed for analytical determination of CYST using fluore-
scence [8], capillary electrophoresis [9], high-performance liquid chromatography (HPLC) [10,11],
and electrochemistry [12,13]. Recently, electrochemical techniques have attracted increasing
interest because of their simplicity and short analysis time compared with conventional methods.

In electrochemical sensing, substrate electrode selection plays an important role in achieving sensi-
tivity and stability [14]. Glassy carbon electrodes (GCEs), screen-printed electrodes (SPEs), and boron-
doped diamond (BDD), have been employed, but the carbon paste electrode (CPE) is particularly
promising for drug determination [15]. CPEs can readily renew the surface under the same conditions,
whereas GCEs or BDDs must undergo long, harsh mechanical polishing to remove surface passivation
caused by adsorption of CYST oxidation products [16].

Additionally, as the composite matrix, CPE can incorporate a modifier throughout the electrode
body, providing a stable, uniformly distributed modifier rather than one confined to the film surface,
where it is more likely to detach [17].

The low background current, low cost, and chemical biostability of CPEs also make them a good
platform for designing stable sensors in various complex environmental samples [17]. Nevertheless,
direct oxidation of CYST on bare CPE has been accompanied by poor electron-transfer kinetics,
surface passivation, and low sensitivity [16]. To address these limitations, modifying CPE with nano-
structured materials and mediators has been shown to enhance electrocatalytic activity, adsorption
capacity, and analytical performance [18,19].

Therefore, in this work, we describe the construction and applicability of quinizarine/Bi2S3
nanorod-modified CPE (QZ/Bi,S3 NRs/CPE) as a novel electrode for CYST measurement and electro-
catalysis in a buffer solution. Next, we assessed the modified electrode's analytical performance in
measuring CYST in actual samples.

Experimental

Chemicals and apparatus

We used a computerized potentiostat/galvanostat, Autolab type Il (Eco Chemie B.V.A.). An
Ag/AgCl/KCl, platinum wire and QZ/Bi,S3 NRs/CPE were used as the reference, auxiliary and working
electrodes. Every solution was made fresh using twice-distilled water. Fluka provided the CYST and
QZ, which were used exactly as supplied.

Additional reagents were of analytical grade (Merck). Graphite pastes were bound using paraffin
oil (DC 350, Merck) and graphite fine powder (Merck). Orthophosphoric acid and its salts were used
to create buffer solutions (PBS) with pH values between 2.0 and 9.0.

Synthesis of Bi;S3 nanorods

The hydrothermal technique was used to create the Bi,Ss NRs. First, 35 mL of deionised water
was stirred for 10 minutes to fully dissolve 0.4110 g of thiourea (5.40 mmol). The solution was stirred
while 0.6111 g Bi(NOs)3-5H;0 (1.26 mmol) was added. The solution was stirred for 1 hour. The
combined solution was then transferred to an autoclave, heated to 200 °C for 15 hours, and allowed
to cool. The precipitates were then collected and dried for 15 hours at 67 °C.

Preparation of electrode

QZ/Bi,S3 NRs/CPEs were prepared by hand-mixing 10 mg of QZ with 95x its weight of graphite
powder and 4x its mass of Bi»S; NRs. After that, paraffin was poured into the blend and mixed for
20 min, evenly moistened paste, not clumpy or anything. The resulting paste was then packed into
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the tip end of a glass tube (~3.4 mm inner diameter). The QZ-modified CPE (QZ/CPE) and the Bi,Ss3
NRs-based CPE (Bi,S3 NRs/CPE) were prepared using the same procedure, except without Bi2S3 NRs
in the first case and without QZ in the second. For comparison, an unmodified CPE was produced in
the same manner but without adding QZ or Bi,S3 NRs to the mixture, and it was used alongside the
modified pastes.

Real samples

Immediately after collecting the urine samples, a 10 mL portion was centrifuged at 3000 rpm for
15 min. Next, the upper layer was diluted 1:10 with PBS. Without further steps, the liquid was
transferred to a voltammetric cell and measured.

For the CYST capsules, five units of cysteamine (150 mg per capsule) were fully homogenized,
then 100 mg was dissolved in water by ultrasonication, specifically in 20 mL. The mixture was
filtered; the filtrate was transferred to a 100-mL volumetric flask and diluted to the calibration line

with PBS. The prepared sample was combined with varying CYST levels, and measurements were
repeated.

Results and discussion

Electrochemistry of quinizarine /Bi>Ss nanorod-modified carbon paste electrode

QZ is only slightly soluble in water, so it can be added to the carbon paste. Thus, QZ can be added
reproducibly by chemically modifying the electrode, and this step seems to work quite consistently.

First, the electrochemical profile of the QZ/Bi,S3 NRs/CPE was checked by cyclic voltammetry (CV),
Figure 1. The results show anodic peak potential, E,a = 0.560 V; cathodic peak potential, Eoc= 0.400 V
and AE, =160 mV.

CVs for the QZ/Bi,S3 NRs/CPE were recorded at various scan rates (Figure 1).
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Figure 1. CVs of QZ/Bi,Ss NRs/CPE in PBS at various scan rates

Figure 2A shows that the peak currents, /p, show a relation with scan rate (v). There is also another
linear correlation between the peak currents and the potential sweep rate, which suggests the redox
reaction is not limited by diffusion, or at least not mainly driven by it. Then Figure 2B presents the
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anodic peak potentials, E,, versus the sweep rate. When scan rates exceed 500 mV s, the E, values
follow a linear trend with the logarithm of v. In those circumstances, the apparent charge transfer
rate constant (ks) can be determined using Equation (1) [21]:

log ks = alog (1-a) + (1-a) log « - log (RT/nFv) - a(1-a)nFAEy/2.3RT (1)
where a is the transfer coefficient, (1-a)ns = 0.5, and the number of electrons (n) is 2. ks=3.9 s* was
obtained. The slopes shown in the plots in Figure 2B can be used to determine a. and a, = 1-a.. The
evaluated values for the coefficients ac and a; are 0.5.
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Figure 2. (A) Variations of 1, vs. scan rates. (B) Variation of E, vs. the logarithm of the higher scan rates for
QZ/Bi»S3 NRs/CPE in PBS

Electrocatalytic oxidation of cysteamine at quinizarine /Bi>S3 nanorod-modified carbon paste electrode

Figure 3 shows the CV responses for 30.0 uM CYST at QZ/Bi,S3 NRs/CPE, QZ/ CPE, Bi,S3 NRs/CPE,
and unmodified CPE. In general, the peak potential for CYST oxidation at QZ/ Bi,S3 NRs/CPE and
QZ/CPE is around 560 mV, while at Bi»S3 NRs/CPE it is near 770 mV. At unmodified CPE, it was
approximately 860 mV for CYST.

These data indicate that the most favourable electrocatalytic effect for CYST oxidation was
achieved on QZ/Bi,S3NRs/CPE. For instance, the peak potential at QZ/Bi>S3NRs/CPE shifted by roughly
210 and 320 mV in the more negative direction compared with Bi>S3 NRs/CPE and unmodified CPE.

Similarly, comparing the oxidation behaviour of CYST at QZ/CPE with that at QZ/ Bi,S3 NRs/CPE
shows a sharp increase in anodic peak current at QZ/ Bi,Ss NRs/CPE compared with QZ/CPE. Overall,
the data are straightforward and clearly indicate that Bi»S; NRs, together with the mediator (QZ),
improve CYST oxidation.
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In detail, the QZ/Bi,SsN Rs/CPE, tested in PBS and, importantly, without CYST, showed a decent,
well-behaved redox response. After adding 30.0 uM CYST, the anodic peak current increased
markedly.
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Figure 3. CVs of (a) CPE in PBS at 10 mV s and (b) as (a) + 30.0 uM CYST; (c) as (a) and (d) as (b) at the
surface of QZ/Bi»S; NRs/CPE and Bi»S; NRs/CPE, respectively. Also, (e) and (f) as (b) at the QZ/CPE and
QZ/Bi,S3 NRs/CPE, respectively.

Effect of scan rate

CV was employed to examine how scan rate affects oxidation of CYST on QZ/Bi,S3 NRs/CPE (see
Figure 4). As the scan rate increases, Ep shifts toward more positive values, as shown in Figure 4,
suggesting a kinetic limitation for the electrochemical process. Moreover, when a linear plot of peak
current (/) against the square root of scan rate (v/?) is made, it was found to work in the 10 to
100 mV s range, meaning the mechanism is more diffusion-controlled rather than being purely
surface-governed, especially at sufficient overpotential (Figure 4 inset).
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Figure 4. CVs of QZ/Bi,S; NRs/CPE at different scan rates in PBS with 30.0 uM CYST. Inset: Variations of anodic
peak current vs. v/?
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Calibration plot and limit of detection

The concentration of CYST was measured using DPV (Figure 5). Two linear segments in the concen-
tration range of 0.5 to 30.0 uM (Figure 6A) and 30.0 to 500.0 uM (Figure 6B) made up the peak current
vs. CYST concentration plot. It was discovered that the CYST detection limit (30) was 0.1 uM.
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Figure 5. DPVs of QZ/Bi,S3 NRs/CPE in PBS with varying amounts of CYST
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Figure 6. Calibration plots for CYST concentration in the range of 1.0 to 20.0 uM (A) and 20.0 to 800.0 uM (B)

Stability and repeatability of QZ/Bi253 NRs/CPE

We assessed the stability and repeatability of QZ/Bi,Ss NRs/CPE over three weeks. The
experiments were repeated after modifying the electrode, then storing it in the environment for
three weeks. The CVs showed no change in the peak potential for CYST, except for a decrease of less
than 2.5 % compared with the first reaction.

Voltammograms were recorded in the presence of CYST after being cycled twelve times. The
results showed that QZ/Bi,Ss NRs/CPE reduced fouling by the analyte and related oxidation
products, while peak potentials remained the same and currents decreased by less than 2.2 %.

[@her |



S. Sabte Mutlak et al. J. Electrochem. Sci. Eng. 16 (2026) 3651

Analysis of real samples

The systematic feasibility of the suggested approach was assessed by quantifying CYST in the
capsule and urine specimens using the standard addition approach. Table 1 shows the CYST
determination outcomes in systematic capsule urine samples. The test results demonstrated CYST
recoveries that were satisfactory. The mean relative standard deviation (RSD) was used to examine
the reproducibility of the approach. The systematic dosage in the capsule was 1510.3 mg per
capsule. The nominal value on the capsule label (150.0 mg per capsule) and the results from the
QZ/Bi,Ss NRs/CPE did not differ significantly.

Table 1. Voltammetric determination of CYST in real specimens at QZ/Bi,S3 NRs/CPE. (n = 5)

Sample AddedAmount, M Found Recovery, % RSD, %
0 6.9 - 2.2
1.0 7.8 98.7 3.3
CYST capsule 2.0 9.1 102.2 2.1
3.0 9.8 99.0 1.9
4.0 11.3 103.7 2.8
5.5 5.6 101.8 2.6
Urine 7.5 7.2 96.0 3.4
9.5 9.4 98.9 2.0
11.5 11.9 103.5 2.3
Conclusions

In this article, a CPE modified with Bi,S3; nanorods and quinizarine was constructed and used for
the study of the electrochemical behaviour of CYST. CYST electrooxidation is catalysed, according to
the electrochemical behaviour of CYST at the surface of QZ/Bi,S3 NRs/CPE. Finally, we investigated
the modified electrode as a simple, accurate, and selective electrochemical sensor for determining
CYST in real samples.

References

[1] J. Raghav, V. Chavda, S. Raghav, W. Kim, V.S. Pandey, Transition metal sulfides for seawater
electrolysis: challenges, advances, and engineering strategies for enhanced hydrogen
production, Journal of Alloys and Compounds 1080 (2026) 190495.
https://doi.org/10.1016/j.jallcom.2026.190495

[2] H.Li, F.Tian, H. Zhu, S. Du, J. Yang, J. Li, Z. Ye, B. Li, X. Liu, Synergistic effects of
copper/nitrogen co-doping in molybdenum sulfide for enhanced supercapacitor
performance, Journal of Energy Storage 152 (2026) 120612.
https://doi.org/10.1016/j.est.2026.120612

[3] G.Ye, L. Wan, J. Zhao, Construction of nickel manganese phosphide@ iron cobalt nickel
sulfide heterostructure via interfacial synergy for durable supercapacitors, Journal of Colloid
and Interface Science 724 (2026) 141257. https://doi.org/10.1016/].jcis.2026.141257

[4] M. A.Rahman, M. A. Haque, M. A. Shaikh, C. K. Roy, A. H. Reaz, M. T. Shawon, P. K. Baksi, S.
Yasmin, M. H. Kabir, S. H. Won, T. W. Kim, Titanium sulfide thin film coated titanium foil for
high-performance symmetric supercapacitor, Journal of Energy Storage 99 (2024) 113205.
https://doi.org/10.1016/j.est.2024.113205

[5] G. Nie, X. Lu, J. Lei, L. Yang, C. Wang, Facile and controlled synthesis of bismuth sulfide
nanorods-reduced graphene oxide composites with enhanced supercapacitor performance,
Electrochimica Acta 154 (2015) 24-30. 10.1016/j.electacta.2014.12.090

http://doi.org/10.5599/jese.3651 7



http://doi.org/10.5599/jese.3651
https://doi.org/10.1016/j.jallcom.2026.190495
https://doi.org/10.1016/j.est.2026.120612
https://doi.org/10.1016/j.jcis.2026.141257
https://doi.org/10.1016/j.est.2024.113205
https://doi.org/10.1016/j.electacta.2014.12.090

J. Electrochem. Sci. Eng. 16 (2026) 3651  Determination of cysteamine at the quinizarine/Bi,Ss nanorod-modified CPE

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

(14]

[15]

[16]

[17]

(18]

[19]

[6] A. Santoro, Y.V. Ferrara, A. De Angelis, Therapeutic strategies in cystinosis: A focus on
cysteamine and beyond, Experimental and Molecular Pathology 144 (2025) 104995.
https://doi.org/10.1016/j.yexmp.2025.104995

R. Kleta, W.A. Gahl, Pharmacological treatment of nephropathic cystinosis with cysteamine,
Expert Opinion on Pharmacotherapy 5 (2004) 2255-2262.
https://doi.org/10.1517/14656566.5.11.2255

K. Ngamdee, S. Kulchat, T. Tuntulani, W. Ngeontae, Fluorescence sensor based on D-
penicillamine capped cadmium sulfide quantum dots for the detection of cysteamine,
Journal of Luminescence 187 (2017) 260-268. https://doi.org/10.1016/j.jlumin.2017.03.016
A. Z. Carvalho, J. Pauwels, B. De Greef, A. K. Vynckier, W. Yuqi, J. Hoogmartens, A. Van
Schepdael, Capillary electrophoresis method development for determination of impurities in
sodium cysteamine phosphate samples, Journal of Pharmaceutical and Biomedical Analysis
42 (2006) 120-125. https://doi.org/10.1016/].jpba.2005.12.017

J. Ogony, S. Mare, W. Wu, N. Ercal, High performance liquid chromatography analysis of 2-
mercaptoethylamine (cysteamine) in biological samples by derivatization with N-(1-pyrenyl)
maleimide (NPM) using fluorescence detection, Journal of Chromatography B 843 (2006) 57-
62. https://doi.org/10.1016/j.jchromb.2006.05.027

[11] J. Ogony, S. Mare, W. Wu, N. Ercal, High performance liquid chromatography analysis of
2-mercaptoethylamine (cysteamine) in biological samples by derivatization with N-(1-
pyrenyl) maleimide (NPM) using fluorescence detection, Journal of Chromatography B 843
(2006) 57-62. https://doi.org/10.1016/j.jchromb.2006.05.027

S. Dogra, J. K. Rajput, Adenine-originated N-doped C3N4 modified glassy carbon electrode for
ultra-sensitive electrochemical quantification of cysteamine drug, Microchemical Journal 207
(2024) 112106. https://doi.org/10.1016/j.microc.2024.112106

R. Rejithamol, P. R. Keerthi, S. Beena, A novel disposable pencil graphite electrode for the
voltammetric determination of cysteamine, Materials Today: Proceedings 18 (2019) 5081-
5086. https://doi.org/10.1016/j.matpr.2019.07.504

M. Keyvanfard, M. Ahmadi, F. Karimi, K. Alizad, Voltammetric determination of cysteamine
at multiwalled carbon nanotubes paste electrode in the presence of isoproterenol as a
mediator. Chinese Chemical Letters 25 (2014) 1244-1246.
https://doi.org/10.1016/j.cclet.2014.05.018

H. Karimi-Maleh, P. Biparva, M. Hatami, A novel modified carbon paste electrode based on
NiO/CNTs nanocomposite and (9, 10-dihydro-9, 10-ethanoanthracene-11, 12-
dicarboximido)-4-ethylbenzene-1, 2-diol as a mediator for simultaneous determination of
cysteamine, nicotinamide adenine dinucleotide and folic acid, Biosensors and Bioelectronics
48 (2013) 270-275. https://doi.org/10.1016/].bios.2013.04.029

A. Taherkhani, H. Karimi-Maleh, A.A. Ensafi, H. Beitollahi, A. Hosseini, M.A. Khalilzadeh, H.
Bagheri, Simultaneous determination of cysteamine and folic acid in pharmaceutical and
biological samples using modified multiwall carbon nanotube paste electrode, Chinese
Chemical Letters 23 (2012) 237-240. https://doi.org/10.1016/j.cclet.2011.10.023

A. Obaid Imarah, N. Hasan, M.G. Alabbasi, ZnO-modified carbon paste electrode for
electrochemical sensing of dopamine in the presence of tyrosine, ADMET and DMPK 13
(2025) 3010. https://doi.org/10.5599/admet.3010

A. G. Bindu, R. S. Bhat, Electrochemical investigation of brucine using zinc zirconium iron
chromium oxide nano composites through voltammetric methods by carbon paste
electrode, Electrochimica Acta (2026)148950. 10.1016/j.electacta.2026.148950

S. Battira Madappa, J. G. Manjunatha, Electrochemical sensing and quantification of
theobromine in cocoa products at polyvaline functionalized graphite paste sensor electrode,
ADMET and DMPK 13 (2025) 2928. https://doi.org/10.5599/admet.2928

[@her |


https://doi.org/10.1016/j.yexmp.2025.104995
https://doi.org/10.1517/14656566.5.11.2255
https://doi.org/10.1016/j.jlumin.2017.03.016
https://doi.org/10.1016/j.jpba.2005.12.017
https://doi.org/10.1016/j.jchromb.2006.05.027
https://doi.org/10.1016/j.jchromb.2006.05.027
https://doi.org/10.1016/j.microc.2024.112106
https://doi.org/10.1016/j.matpr.2019.07.504
https://doi.org/10.1016/j.cclet.2014.05.018
https://doi.org/10.1016/j.bios.2013.04.029
https://doi.org/10.1016/j.cclet.2011.10.023
https://doi.org/10.5599/admet.3010
https://doi.org/10.1016/j.electacta.2026.148950
https://doi.org/10.5599/admet.2928

S. Sabte Mutlak et al. J. Electrochem. Sci. Eng. 16 (2026) 3651

[20] A.J.Bard, L. R. Faulkner, H. S. White, Electrochemical methods: fundamentals and
applications. John Wiley & Sons. 2022. https://www.wiley.com/en-gb/shop/general-
chemistry/electrochemical-methods-fundamentals-and-applications-3rd-edition-p-
9781119334057

[21] E. Laviron, General expression of the linear potential sweep voltammogram in the case of
diffusionless electrochemical systems. Journal of Electroanalytical Chemistry and Interfacial
Electrochemistry, 101 (1979) 19-28. https://doi.org/10.1016/5S0022-0728(79)80075-3

©2026 by the authors; licensee IAPC, Zagreb, Croatia. This article is an open-access article distributed under the terms and
conditions of the Creative Commons Attribution license (http://creativecommons.org/licenses/by/4.0/) | {ec) IS

http://doi.org/10.5599/jese.3651 9



http://doi.org/10.5599/jese.3651
https://www.wiley.com/en-gb/shop/general-chemistry/electrochemical-methods-fundamentals-and-applications-3rd-edition-p-9781119334057
https://www.wiley.com/en-gb/shop/general-chemistry/electrochemical-methods-fundamentals-and-applications-3rd-edition-p-9781119334057
https://www.wiley.com/en-gb/shop/general-chemistry/electrochemical-methods-fundamentals-and-applications-3rd-edition-p-9781119334057
https://doi.org/10.1016/S0022-0728(79)80075-3
http://creativecommons.org/licenses/by/4.0/

