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A highly precise potentiometric method for trace determination of
Ondansetron dihydrate hydrochloride (OND) has been developed and
established. A highly sensitive sensor of coated wire modified with aluminum
oxide (Al:03) was developed by incorporating trace amounts of (OND) with the
ion-pairing reagent phosphomolybdic acid (PMA). Under the test conditions,
the sensor exhibited a near-Nernstian response towards the drug over a linear
range of 1.0x1010 to 1.0x102 mol L'! with limit of detection of 5.0x10-11 mol
L-1 and slope of +59.30+0.05 mV decade’! for (OND-PMA) coated wire sensor.
The potentiometric sensor electrode showed stability up to 65 days and fast
responsive time of 14 s. However, the developed potentiometric sensor for
OND showed high selectivity to the mentioned drug in presence of various
inorganic and some pharmaceutical species. The sensor response remained
constant in a suitable potential at various pH from 2.5 to 9.0. Statistical
analysis confirms that this potentiometric method is relatively very accurate
and reproducible. The developed procedure was successfully applied to

measure OND levels in both pure form and many commercial drug samples.
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1. Introduction

Confirming that an analytical technique's
performance metrics satisfy the required criteria for
its intended laboratory use is the core of method
validation. The basic objective of any chemical
analysis is to ensure the collection of data appears to
be consistent, accurate, and scientifically reliable. In
order to ensure the quality of analytical results,
method validation must assess linearity, calibration
range, accuracy, precision (repeatability and
intermediate precision), limit of detection (LOD), and
limit of quantitation (LOQ) [1]. Chemically,
Ondansetron dihydrate hydrochloride (OND),
systematically designated as 9-methyl-3-[(2-methyl-
1H-imidazol-1-yl)methyll-1,2,3,9-tetrahydro-4H-
carbazol-4-one  hydrochloride dihydrate [2,3],
functions as a potent and selective 5-HT3 receptor
antagonist [4]. OND is indicated for the management
of chemotherapy-induced emesis, as well as for
nausea and vomiting associated with radiation
therapy and surgery [5]. The molecular formula for

OND is C18H19N30 ‘HCI12H20, with a molar mass
of 365.86 g/mol [6]. Potentiometric detection was
selected for this study because it provides a cost-
effective, portable, and rapid analytical platform
capable of direct analyte profiling with minimal
sample preparation [7, 8].

, HCI , 2H,0

and enantiomer
Figure 1: Chemical Structure of Ondansetron
dihydrate hydrochloride Dihydrate (OND).
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To construct an effective ion-selective membrane,
phosphomolybdic acid (PMA) was selected as the
inorganic ion-pairing reagent due to its high negative
charge density and large ionic radius. PMA forms a
highly stable, low-solubility hydrophobic ion-pair
complex (OND-PMA) with the cationic Ondansetron
species, ensuring efficient chemo-electrical signal
[9, 10l
properties, metal oxide nanostructures have gained

transduction Owing to their peculiar
tremendous significance in various fields including
biomedicine, optical sensors, and electrochemical
applications [11, 12]. The high surface-area-to-
volume ratio of these nanomaterials has successfully
enhanced the performance of modern electrochemical
sensors in terms of electrical conductivity, catalytic
activity, and sensitivity [13, 14]. Electrochemical
sensing platforms can be integrated with multiple
forms of electroanalytical detection techniques [15].
Potentiometric Sensors are part of the larger family
of electrochemical sensors. Potentiometric Sensors
are very convenient due to their low cost and
Outstanding field
power

portability. convenience for

applications is offered with minimal
consumption and disregard to specialized laboratory
facilities. Smart pH sensors and electrodes for other
relevant ions (e.g. F-, CO32-, NH4+, NO3-, Cl-, Br-, I-
, SCN-) are quickly advancing to a variety of
applications because of their unique characteristics.
interaction of

These devices function by an

“electricity” and “chemistry". The area where

“chemistry” dominates the signal transduction
process 1s confined to the receptor region that
selectively reacts with target ions to form the ion—
the

remaining portion of the sensor is dedicated to

ion—molecule combining sensor. Similarly

chemo-electrical signal transduction, commonly
manifested as a change in current (i) or variation in
potential (AV) [7]. The most commonly used types of
electrochemical sensors are potentiometric sensors,
which exist in numerous modified forms and adapted
for ionic analyte profiling in matrices of widely
different compositions ranging from purely aqueous
samples through to complex food products. [14, 8].
The earliest ion-selective electrode (ISE) reported in
a published work was the traditional configuration,
which contained an interior electrolyte coupled with

[9].

exemplified by a glass electrode containing a

an 1on-exchange matrix This approach is

potential producing element which is also the chemo-
electrical transducer (an Ag/AgCl) and an interior
solution with constant concentration, together with a
silicate matrix [16-18]. While standard electrodes
utilizing internal solutions offer good performance,
they are often hindered by practical drawbacks, such
as their delicate nature and bulkiness, which
complicate the analysis of micro-volume samples,
which the susceptible
mechanical damage, along with their considerable

renders electrode to
surface area, which hampers low-volume sample as
saying. Several techniques, such as UV
spectrophotometry [19-20], RP-HPLC [21], and ion-
pair potentiometric sensors [22], have been developed
to quantify Ondansetron dihydrate hydrochloride.
This work aims to design and evaluate a user-
friendly, highly sensitive coated wire sensor based on
Al203 nanoparticles for determining OND levels in
both

formulations.

its pure form and in pharmaceutical

2. Experimental Work
2.1. Instrumentation
Electrochemical data was gathered using a HANNA
pH 2110UK (Romania) and a Metrohm Model 744 for
monitoring pH levels. A saturated calomel electrode
(SCE) served as the external reference electrode.
2.2. Materials and reagents
Analytical-grade chemicals were used throughout the
experiment. Pure OND was sourced from SDI, while
solvents like methanol (99.9%) and THF (97.0%) were
purchased from Fluka (Switzerland). Polyvinyl
chloride (PVC) of high molecular weight and
phosphomolybdic acid (PMA) 99.9% were acquired
from Aldrich, Germany.
2.3. Synthesis of A1203 Nanoparticles
To synthesize Al2O3 nanoparticles, 10g of Al203.9H20
was dissolved in 150 mL of deionized water under
constant stirring. An ethanol-based nitrate solution
was then added dropwise to the mixture.
Subsequently, 14 mL of the ethanol solution was
introduced dropwise, and the reaction mixture was
progressively heated to 80 °C. A gradual transition
into a clear sol-gel precursor (pH 2—3) was obtained.
After stirring, the mixture was evaporated over a
three-hour period and later allowed to cool to room
temperature [23].
2.4, Standard drug solution and Preparation of
Ondansetron dihydrate hydrochloride ion-pair
To prepare a 0.01M stock solution of OND, 0.3659g of
the drug was dissolved in 100mL of deionized water;
this solution was freshly made each day. Series of
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working standards, with concentrations between
1.0x1010 and 1.0X102 mol L' were obtained through
successive dilutions using purified water. The OND-
PMA ion-pair was synthesized by blend equal
volumes (50 mL) of 1.0x102 M OND and PMA
solutions. After precipitation, the product was
collected via filtration, rinsed extensively with
deionized water, and allowed to air-dry at ambient
temperature

2.5. Electrode construction

The OND-PMA-Al203 NP sensor was constructed in
our lab using a copper wire substrate. Prior to use,
the wire was degreased with acetone and then coated
by multiple immersions into the membrane cocktail.
The active sensing membrane was formulated by
dissolving 5.0 mg of AloO3 nanoparticles, 190.0_ mg of
PVC, 100.0 mg of the ion-pair, and 0.35 mL of DBPH
plasticizer in 6 mL THF. By continuously swirling for
15 minutes, a uniformly mixed membrane solution
was prepared at room temperature. A thin coating
was developed on the sensors’ surfaces from the
membrane mixture. Following the drying process,
the sensors were immersed multiple times in the
membrane solution to create a thicker wire
membrane coating [24].

2.6. Electrodes calibration

The sensor response was calibrated using reference
samples of (OND) that spanned in the range 1.0x10"
10 to 1.0X102% mol L'l. The measurement sequence
progressed from lower concentrations to elevated
ones. The observed potential was graphed against the
logarithmic scale of drug concentration. Between
measurements, the sensor was rinsed with distilled
water and dried with tissue paper.

2.7. Influence of pH

The influence of pH on the electromotive force (EMF)
response of the modified electrodes were studied by
varying the solution pH from 0.5 to 14.0 employing
1X103 mol. L't OND. Appropriate amounts of 0.1 mol.
Lt NaOH or HCl solutions were used for pH
adjustment. Potential measurements at various pH
standards were determined and plotted using the
newly introduced electrode. The results show a stable
performance of the electrode in the measured range
2.5-9.0 pH.

2.8. Electrode specificity

The potentiometric selectivity coefficients, Ki;rot, for
interfering ions and for some pharmacologically

important species, were determined by the Separate
Solution Method (SSM), IUPAC recommended. [25].
2.9. Assessment of OND.HCl in Pharmaceutical
Products

Validation of the developed OND sensor was
performed on some real samples purchased from local
market by applying both direct method and standard
addition method.

3. Results and Discussion

3.1. Characterization of Nanoparticles

3.1.1. UV-Vis Spectrophotometry

The UV-Vis spectrophotometer were employed to
measure UV-Vis response of the synthesized Al203
nanoparticles at room temperature. Figure 2 shows
the UV-Vis absorption spectrum of Aluminum oxide
nanoparticles. The absorbance peak at 244 nm was
observed. This absorption peak is consistent with

reported data for aluminum oxide nanostructures.
[26].
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Figure 2: UV-VIS spectrophotometry of AloOs NPs
3.1.2 Fourier transform infrared spectroscopy

FTIR spectra of AlsO3 shown in Figure 3.
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Figure 3: FTIR spectra of Al2Osnanoparticles

A prominent, broad peak centered at 3236 cm'!
corresponds to surface hydroxyl groups and adsorbed
moisture, band at 1638.34 assigned to
physisorbed water molecules. Bands assigned to y-

cm'l

alumina in 500-1000 cm-1 region with the band at
631.69 cm due to Al-O bond bending [27]. In the
gamma phase, the transverse optical vibration at
578.92 cm~!is believed to arise from an AI-O-Al bond
[27].

Counts

3.1.3. XRD measurement

The X-ray diffraction (XRD) patterns of the obtained
Al203 nanoparticles were measured on a Rigaku
D/MAX-RB X-ray diffractometer using Cu K
radiation with wavelength of 1.543 A (k = 1). The
XRD patterns of the A1203 nanoparticles are showed
in Figure 4. The XRD pattern shows an amorphous
or poorly crystalline phase of Al,O3, which consists of
broad humps in the diffraction profiles and no sharp
crystalline peaks were observed [28]. The broad line
widths clearly point to very small nanocrystals with
a size of approximately 2.5 to 5 nm and support the
assumption of precipitation during the synthesis.

2007

Position [°2Theta] (Copper (Cu))

Figure 4: XRD patterns of the Al2O3 nanoparticles
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3.1.4. FE_SEM and TEM Results

Figure 5 FE-SEM image of Al2Os nanoparticles. The
FE-SEM image shows that the obtained Al203
nanoparticles have largely spherical shape with
mean diameter of around 25.78 nm. Notably, the
average crystallite size (2.5—-5 nm) derived from XRD
profiles was smaller than that of the particle size
determined by FE-SEM and TEM (approximately 25
nm). The XRD line widths are contributed by the size

o B3 = 3478 Aim
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W, My,
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3.?6'1 =21.74 nm_

f /EZ = 20.83. nm -

° .
SEM HV: 15.0 kV WD: 2.80 mm

View field: 1.27 pm Det: InBeam 200 nm
SEM MAG: 100 kx Date(m/dly): 04/13/23

3.1.5. Atomic force microscopy (AFM)
AFM was used to investigate the surface topography
and grain size of the Al2Os nanostructures. Software-

MIRA3 TESCAN

Figure 5: (a) FE-SEM and (b) TEM images of AIZO

of coherent scattering domains, and thus, represent
the crystallite size, which is different from the
particles dimension observable by FE-SEM in
addition to the TEM images. The larger size observed
in SEM suggests that the Al,O; nanoparticles are
polycrystalline in nature, where each observed
particle consists of an aggregate of several smaller
crystallites [29].

Iad

nanoparticles.

assisted analysis of the AFM images determined an
average grain size of roughly 38.74 nm [30].

16.43nm

Figure 6: AFM images of Al,O3; nanoparticles.
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3.2. Performance of the Proposed Sensor

3.2.1. Calibration and Sensitivity:

The analytical detection range of the potentiometric
device corresponds to the quantitative linear range of
the calibration plot illustrated in Figure 7. The key
performance characteristics of the coated-wire
electrode were assessed, while the findings are
presented in Table 1. Analytical data confirmed a
near-Nernstian response for the target drug,
spanning a broad concentration range from 1.0x1010
to 1.0x102 mol L! for the drug examined. This ultra-
wide linear range and sub-nanomolar detection limit
are attributed to the incorporation of Al:Os
nanoparticles, which enhance surface area and
charge-transduction efficiency, allowing

quantification from trace levels up to high-
concentration pharmaceutical assays without sample
dilution. The slope of the calibration graph for the
coated wire sensor is +59.30 = 0.05 mV per decade for
the (OND-PMA) coated wire sensor. This positive
slope confirms the selective Nernstian response
toward the cationic Ondansetron (OND*) species,
where a near-Nernstian slope indicates ideal
theoretical charge-transfer behavior per decade
concentration according to the Nernst equation. The
developed sensor maintained relatively high
performance for 65 days, consistently delivering a
fast response time of just 14 seconds, which provides
a significant practical advantage for rapid, high-
throughput quality control testing.

Table 1: The parameters of OND-PMA-Al,O;NPs coated wire electrodes.

Parameter OND-PMA-AI,O;NPs Sensor
Slope (mV decade?) 59.30+0.05
Intercept 79.055
Correlation coefficient,( r) 0.9988
Linear range (mol L) 1.0x10710-1,0x102
LOD (mol L1 5.0x1011
Response time for 103M OND/s 14
Lifetime/day 65
Working pH range 2.0-9.5
Robustness a 99.744+0.37
Ruggedness b 99.43+0.06

a The experimental parameters were slightly modified, such as the pH of the borate buffer(pH 7.5+1).
b the analytical performance was benchmarked against measurements recorded using a commercial Jenway
3510 pH meter
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Figure 7: Typical calibration graph of the OND-PMA-Al,O;NPs coated wire electrode.
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3.2.2. pH Effect Results:

To investigate how pH influences the response of the
OND-PMA-AI203NPs sensor, the response was
recorded at a constant concentration of OND (1.0 X
103 mol L' across a pH spectrum of 2 to 12
(adjustments were made using 0.1 mol L' NaOH or
0.1 mol L1 HCI solutions). Potential remained
constant across a wide pH range (2.5-9.0)
demonstrating the suitability of the sensor within
this range (Figure 8). This stable plateau indicates

e e e e e
2 883 &8 8 8

Potential (mV)

40

that Ondansetron remains fully protonated as a
monovalent cation (OND*) without precipitating,
while H* or OH" ions do not interfere with the
membrane recognition sites in this region. Below pH
2.5, the electrode potential shifted positively as a
function of acidity as the membrane absorbed excess
H* ions. Above pH 9.0, the response of the electrode
diminished as the concentration of OH" increased,
due to the deprotonation of OND into its insoluble
neutral base form.

P20 000000000%y

"%,
. "
" o
™ 1
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....
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Figure 8: pH dependence of the potentiometric response of the OND-PMA-AI,O3;NPs coated wire electrode.

3.3 Selectivity of the electrode
The selectivity of the sensor, was evaluated against

common inorganic cations and structurally related,
pharmacological compounds, using the Separate
Solution Method (SSM) according to IUPAC

guidelines [31]. Anionic species NO3 and COs2 were
excluded from the final selectivity evaluation as they
to
potentiometric sensors, which respond exclusively to

are electrochemically irrelevant cationic

competing positively charged species.

Table 2: The Values of selectivity coefficient for OND-PMA-Al,O;NPs coated wire electrode

Interfering Species Selectivity Coefficient (Konp,jPt)
Li* 9.47x1073
Na* 7.50x107®
Ca?* 2.31x107*
Ba?* 5.20x107*
Cr3* 2.87x1078
Fe®* 8.85x107®
Glucose 8.73x10°8
Starch 4.02x1078

Recent literature also highlights the continuing
of
electrodes, including advances in nanoscale metal-

development potentiometric  ion-selective

oxide materials and modern ion-selective electrode
architectures [32, 33]. As summarized in Table 2, the
experimental results underscore the exceptional
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selectivity of the proposed electrode for the OND+*
cation over other materials. The high selectivity was
confirmed by obtaining extremely small selectivity
coefficient values Konpg << 102, demonstrating that
unaffected by high
of Our
measured selectivity process is largely driven by

signal response remains

concentrations interfering substances.

electrostatic interactions and stereospecificity,

depending on how well the competing ions align with
the hydrophobic domains of the OND-PMA ion-pair

receptor.

norganic cations

excipients.

As shown in Table

displayed high tolerance to

and

3.4. Analytical Applications:

The proposed

sensor proved

us
determination of OND concentrations

2, the electrodes
interference from
common pharmaceutical

a precise
in pure

solutions through both the standard addition and
calibration curve method. The results obtained were
listed in Table 3 and Table 4.

Table 3: Statistical Data Evaluation for OND Determination in Pure and Pharmaceutical Formulations via
Direct Potentiometry Using an OND—PMA-Al203-NPs Coated-Wire Electrode.

Sample Taken Found - 0 Found o
No. (x10-3 mol 1,7 (x10-3 mol L™)|  Recovery (%) (x10-3 mol L) Recovery (%
Pure Drug Pharmaceutical Form
1 10 9.93 99.3 9.91 99.1
2 9 8.98 99.77 8.89 98.77
3 8 7.94 99.25 7.75 96.87
4 8.5 8.45 99.41 8.41 98.94
5 7 6.96 99.42 6.95 99.28
6 6 5.95 99.16 5.94 99
7 5 5.03 100.6 5.11 102.2
8 4 3.98 99.5 3.97 99.25
9 3.4 3.44 101.17 3.45 99.14
10 2 1.97 98.5 1.97 98.5
Statistical Analysis
Mean = SD 99.60 = 1.3 99.10 £ 0.7
S (Std Dev) 0.75 1.29
%RSD 0.76 1.3
%RE -0.4 -0.9

Table 4: The Statistical treatment of data for the determination of OND in bulk preparations by standard
addition method for OND-PMA-AI2O3NPs coated wire electrode

Sample Taken (x10—3 OND-PMA-AI,O3;NPs Coated Wir OND-PMA-AL,O;NPs Coated Wire
No. mol L) Electrode (Pure Drug) Electrode (Pharmaceutical Form)
Found (x10-3 R %) Found (x10-3 mol Recovery
mol L) ecovery (% L) %)
1 4 3.98 99.5 3.97 99.25
2 5 5.03 100.6 5.11 102.2
3 7 6.96 99.42 6.95 99.28
4 8 7.94 99.25 7.75 96.87
5 9 8.98 99.77 8.89 98.77
Statistical Analysis
Mean 99.71 99.27
S (Std Dev) 0.53 1.91
%RSD 0.53 1.92
%RE -0.29 -0.73
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Figure 9: Standard addition method for OND-PMA-Al203NPs coated wire electrode for pure form.
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Figure 10: Standard addition method for OND-PMA-Al:O3NPs coated wire electrode for pharmaceutical
form.
3.5. The sensor response in pharmaceutical analyses of OND in drug products without being
formulation affected by common additives or excipients.

The analytical capability of the sensor was further
evaluated by measuring OND levels in tablet
The
agreement with existing standards, showing no

formulations. results demonstrated high
statistically significant differences between the

methods.

4. Conclusions
The potentiometric method developed in this study

offers a simple, accurate, and economical way to
measure OND. Its highly precision and ease of use
make them an excellent candidate for routine quality
control testing in pharmaceutical environments.
Additionally, the sensor enables relatively rapid

Therefore, the suggested methodologies hold high
potential for the routine quality control of OND in
industrial pharmaceutical, clinical, and academic
settings.

Acknowledgments: The authors gratefully

acknowledge the Higher Institute of Forensic
Sciences at Al-Nahrain University for providing the
research facilities and technical assistance required

for this study.

Conflict of Interest: The authors declare that there is
no conflict of interest regarding this work.

www.anjs.edu.iq

34

Publisher: College of Science, Al-Nahrain University


http://www.anjs.edu.iq/

Al-Nahrain Journal of Science
Al-Nahrain J. Sci., Vol. 29, Issue (3), pp. 26 — 36, September, 2026.

Funding: There is no funding received for this work.

References

[1] Raposo, F.; Ibelli-Bianco, C. "Performance
Parameters for Analytical Method Validation:
Controversies and Discrepancies Among
Numerous Guidelines". Trac. Trends Anal.
Chem., 129: 115913, 2020.
https://doi.org/10.1016/).trac.2020.115913

[2] Kaur, D.; Kaur, J.; Kamal, S.S. "Development
and Validation of a UV Spectrophotometric
Method for Determination of Diacerein in Bulk
and a Capsule Dosage Form". Indian J. Pharm.
Sci. 81: 124-128, 2019.
https://doi.org/10.4172/pharmaceutical-
sciences.1000487

[3] Beena, P.; Krishnan, A.G.; Ullas, N.; Pillai,
C.S.; Mathew, S.C.; Salim, S. "Development and
Characterization of Orally Dissolving Tablet of
a Poorly Soluble Antiemetic Drug". Res. J.
Pharm. Technol. 14: 2172-2178, 2021.
https://doi.org/10.52711/0974-360X.2021.00384

[4] Chanda, R.; Venkatesh, H.P.; Banerjee, J.
"Formulation and Evaluation of Oral
Disintegrating Tablets of Ondansetron
Hydrochloride". Res. J. Pharm. Dosage Forms
Technol. 11: 53-63, 2019.
https://doi.org/10.5958/0975-4377.2019.00009.0

[5] Stoica, S.; Hogge, C.; Theeler, B.J. "Refractory
Nausea and Vomiting Due to Central Nervous
System Injury: A Focused Review". Life 15,
1021: 2025. https://doi.org/10.3390/1ife15071021

[6] British Pharmacopoeia Commission. British
Pharmacopoeia 2013, Version 17. London: TSO
(The Stationery Office), 2012.

[71 Keles, G.; Ataman, E.S.; Taskin, S.B.;
Polatoglu, I.; Kurbanoglu, S. "Nanostructured
Metal Oxide-Based Electrochemical Biosensors
in Medical Diagnosis". Biosensors 14: 238,
2024. https://doi.org/10.3390/bios14050238

[8] Nagaraj, K. "Metal Oxides in Biomedicine:
Advances in Imaging, Drug Delivery, Tissue
Engineering, and Biosensing". Microchem. J.
215: 114481, 2025.
https://doi.org/10.1016/j.microc.2025.114481

[9] Lenar, N.; Piech, R.; Wardak, C.; Paczosa-
Bator, B. "Application of Metal Oxide
Nanoparticles in the Field of Potentiometric
Sensors: A Review". Membranes 13: 876, 2023.
https://doi.org/10.3390/membranes1311876

[10] Ren, L.; Ji, M.; Zhuang, X.; Tian, C.; Shi, C.;
Hao, X.W.; Luan, F.; Li, Y. "A Highly Stable
Membrane-Free Potentiometric pH Sensor with
Nickel Cobalt Sulfide as the Solid Contact
Layer and Ion Recognition". Microchem. J. 201:

110679, 2024.
https://doi.org/10.1016/j.microc.2024.110679

[11] Liao, C.; Zhong, L.; Tang, Y.; Sun, Z.; Lin, K,;
Xu, L.; Lyu, Y.; He, D.; He, Y.; Ma, Y.; et al.
"Solid-Contact Potentiometric Anion Sensing
Based on Classic Silver/Silver Insoluble Salts
Electrodes without Ion-Selective Membrane".
Membranes 11: 959, 2021.
https://doi.org/10.3390/membranes11120959

[12] Fathy, M.A.; Bithlmann, P. "Next-Generation
Potentiometric Sensors: A Review of Flexible
and Wearable Technologies". Biosensors 15, 51,
2025. https://doi.org/10.3390/bios15010051

[13] Huang, M.R.; Li, X.G.; Li, F.R. "Highly Sensing
and Transducing Materials for Potentiometric
Ion Sensors with Versatile Applicability". Prog.
Mater. Sci. 125: 100885, 2022.
https://doi.org/10.1016/].pmatsci.2021.100885

[14] Ibrahim, M.; Ramadan, N.K.; Ibrahim, M.M.;
Boltia, S.A. "Solid-Contact Ion-Selective
Electrode for the Determination of Silver Ions
Released from Silver Sulfadiazine in Sodium
Hyaluronate Formulations". BMC Chem. 19:
167, 2025. https://doi.org/10.1186/s13065-025-
01362-0

[15] Mariani, F.; Gualandi, I.; Schuhmann, W.;
Scavetta, E. "Micro- and Nano-Devices for
Electrochemical Sensing". Mikrochim. Acta 189:
459, 2022. https://doi.org/10.1007/s00604-022-
05548-3

[16] Lingenfelter, P.; Bartoszewicz, B.; Migdalski, J.;
Sokalski, T.; Bu¢ko, M.M.; Filipek, R.;
Lewenstam, A. "Reference Electrodes with
Polymer-Based Membranes—Comprehensive
Performance Characteristics". Membranes 9:
161, 2019.
https://doi.org/10.3390/membranes9120161

[17] Dole, M. "The Theory of the Glass Electrode". dJ.
Am. Chem. Soc. 53: 4260-4280, 1931.
https://doi.org/10.1021/7201363a003

[18] Rechnitz, G.A.; Hameka, H.F. "A Theory of
Glass Electrode Response". Z. Anal. Chem., 214:
252-257, 1965.
https://doi.org/10.1007/BF00512396

[19] Shirole, P.L.; Sanap, D.P.; Jadhav, K.R.
"Development and Validation of a UV
Spectrophotometric Method for Determination
of Ondansetron Dihydrate Hydrochloride in
Bulk and Tablet Dosage Form". Res. J. Pharm.
Technol., 17: 1061-1064, 2024.
https://doi.org/10.52711/0974-360X.2024.00166

[20] Jia, C.; Zhao, N.; Song, H. "Bioequivalence
Analysis of Ondansetron Hydrochloride Tablets
in Healthy Chinese Subjects: A Randomized,
Open-Label, Two-Period Crossover Phase I

www.anjs.edu.iq

Publisher: College of Science, Al-Nahrain University


http://www.anjs.edu.iq/
https://www.google.com/search?q=https://doi.org/10.1016/j.trac.2020.115913
https://www.google.com/search?q=https://doi.org/10.4172/pharmaceutical-sciences.1000487
https://www.google.com/search?q=https://doi.org/10.4172/pharmaceutical-sciences.1000487
https://www.google.com/search?q=https://doi.org/10.52711/0974-360X.2021.00384
https://www.google.com/search?q=https://doi.org/10.5958/0975-4377.2019.00009.0
https://www.google.com/search?q=https://doi.org/10.3390/life15071021
https://www.google.com/search?q=https://doi.org/10.3390/bios14050238
https://www.google.com/search?q=https://doi.org/10.1016/j.microc.2025.114481
https://www.google.com/search?q=https://doi.org/10.3390/membranes1311876
https://www.google.com/search?q=https://doi.org/10.1016/j.microc.2024.110679
https://doi.org/10.3390/membranes11120959
https://www.google.com/search?q=https://doi.org/10.3390/bios15010051
https://www.google.com/search?q=https://doi.org/10.1016/j.pmatsci.2021.100885
https://www.google.com/search?q=https://doi.org/10.1186/s13065-025-01362-0
https://www.google.com/search?q=https://doi.org/10.1186/s13065-025-01362-0
https://www.google.com/search?q=https://doi.org/10.1007/s00604-022-05548-3
https://www.google.com/search?q=https://doi.org/10.1007/s00604-022-05548-3
https://doi.org/10.3390/membranes9120161
https://www.google.com/search?q=https://doi.org/10.1021/ja01363a003
https://www.google.com/search?q=https://doi.org/10.1007/BF00512396
https://www.google.com/search?q=https://doi.org/10.52711/0974-360X.2024.00166

Al-Nahrain Journal of Science
Al-Nahrain J. Sci., Vol. 29, Issue (3), pp. 26 — 36, September, 2026.

Study". Drugs R D 24: 531-538, 2024.
https://doi.org/10.1007/s40268-024-00493-3

[21] Shirole, P.; Sanap, D.P.; Jadhav, K. "Stability
Indicating RP-HPLC Method Development for
Ondansetron Hydrochloride Estimation in
Bulk". Acta Pharm. Sci., 63: 134-151, 2025.
https://doi.org/10.23893/1307-2080.APS6309

[22] Dyab, A.; Darwish, M.; Al Rahal, F.;
Moustapha, A. "Selective Ion-Pair
Potentiometric Sensor for the Determination of
Ondansetron Dihydrate Hydrochloride in
Different Matrixes". ChemistrySelect, 8;
202204551, 2023.
https://doi.org/10.1002/slct.202204551

[23] Mohammed, A.A.; Khodair, Z.T.; Khadom, A.A.
"Preparation, Characterization and Application
of AI203 Nanoparticles for the Protection of
Boiler Steel Tubes from High Temperature
Corrosion". Ceram. Int., 46: 26945-26955, 2020.
https://doi.org/10.1016/j.ceramint.2020.07.177

[24] Abass, A.M.; Abdoon, F.M. "Preparation of
Cephalexin Monohydrate Sensors Based on the
Synthesis of CeO2 NPs for Potentiometric
Determination of Cephalexin Monohydrate in

Pure and Commercial Products". Anal. Bioanal.

Electrochem., 16: 943-956, 2024.
https://doi.org/10.22034/abec.2024.717551

[25] Nassory, N.S.; Maki, S.A.; Ali, M.A.
"Preparation and characterization of an
atenolol selective electrode based on a PVC
matrix membrane". Turk. J. Chem., 31: 75-82,
2007.

[26] Abbas, I.A.; Al-Mayalee, K.H. "Fabrication and
Characterization of A1203 Nanoparticles
Prepared via Pulse Laser Ablation Method". J.
Kufa Chem. Sci., 5: 84-94, 2025.
https://doi.org/10.36329/jkem/2025/v5.11.16878

[27] Toledo, R.R.; Santoyo, V.R.; Sanchez, C.D.M.;
Rosales, M.M. "Effect of Aluminum Precursor
on Physicochemical Properties of A1203 by
Hydrolysis/Precipitation Method". Nova
Scientia, 10: 83-99, 2018.
https://doi.org/10.21640/ns.v10120.1217

[28] Ali, M.; Alabdullah, S.S.M.; Al-Bassam, A.Z.M.;
Fadhil, D.H. "New Electrochemical Sensors for

Determination of Tamoxifen Based on
Enhanced Polymer Nano Composite Deep
Eutectic Solvent and Water Mixture as
Ionophores". Anal. Bioanal. Electrochem., 16:
928-942, 2024.
https://doi.org/10.22034/abec.2024.717550

[29] Gharbi, A.H.; Laouini, S.E.; Hemmami, H.;
Bouafia, A.; Gherbi, M.T.; Ben Amor, I.; Hasan,
G.G.; Abdullah, M.M.S.; Trzepiecinski, T.;
Abdullah, J.A.A. "Eco-Friendly Synthesis of
Al203 Nanoparticles: Comprehensive
Characterization Properties, Mechanics, and
Photocatalytic Dye Adsorption Study".
Coatings, 14: 848, 2024.
https://doi.org/10.3390/coatings14070848

[30] Al-Zaidi, B.Y.S. "Analysis the Surface
Morphology of the Porous Media by Using
Atomic Force Microscope Technique". Al-
Khwarizmi Eng. J., 13: 98-110, 2017.
https://doi.org/10.22153/ke].2017.07.007

[31] Moaaz, E.M.; Fayed, A.S.; Abdel-Moety, E.M.;
Rezk, M.R. "Innovative Sensors with Selectivity
Enhancement by Molecularly Imprinted
Polymers for the Concurrent Quantification of
Donepezil and Memantine". RSC Adv., 15:
18475-18489, 2025.
https://doi.org/10.1039/d5ra02850¢g

[32] Shahzad, U.; Saeed, M.; Marwani, H.M.; Al-
Humaidi, J.Y.; Rehman, S.U.; Althomali, R.H.;
Awual, M.R.; Rahman, M.M. "Recent Progress
on Potentiometric Sensor Applications Based on
Nanoscale Metal Oxides: A Comprehensive
Review." Crit. Rev. Anal. Chem. 55, 1081-1098,
2024.
https://doi.org/10.1080/10408347.2024.2337876.

[33] Mirabootalebi, S.O.; Liu, Y. "Recent advances in
nanomaterial-based solid-contact ion-selective
electrodes." Analyst 149, 3694-3710, 2024.
https://doi.org/10.1039/d4an00334a.

www.anjs.edu.iq

Publisher: College of Science, Al-Nahrain University


http://www.anjs.edu.iq/
https://www.google.com/search?q=https://doi.org/10.1007/s40268-024-00493-3
https://www.google.com/search?q=https://doi.org/10.23893/1307-2080.APS6309
https://www.google.com/search?q=https://doi.org/10.1002/slct.202204551
https://www.google.com/search?q=https://doi.org/10.1016/j.ceramint.2020.07.177
https://www.google.com/search?q=https://doi.org/10.22034/abec.2024.717551
https://www.google.com/search?q=https://doi.org/10.36329/jkcm/2025/v5.i1.16878
https://www.google.com/search?q=https://doi.org/10.21640/ns.v10i20.1217
https://www.google.com/search?q=https://doi.org/10.22034/abec.2024.717550
https://doi.org/10.3390/coatings14070848
https://www.google.com/search?q=https://doi.org/10.22153/kej.2017.07.007
https://www.google.com/search?q=https://doi.org/10.1039/d5ra02850g
https://doi.org/10.1080/10408347.2024.2337876
https://doi.org/10.1039/d4an00334a

