2024, 21(10): 3134 —3149
https://doi.org/10.21123/bsj.2024.9313
P-1SSN: 2078-8665 - E-ISSN: 2411-7986

S

Baghdad Science Journal

Biogenic Functionalized ZnO/CuO Nanocomposite Sensor for
Potentiometric Determination of Pseudoephedrine-HCI in Pure and
Commercial Products

Fadam M. Abdoon*! , Sarhan A. Salman? , Suham T. Ameen?

, Maha F. EI-Tohamy*

!Department of Chemistry, College of Science, Tikrit University, Tikrit, Iraqg.

2College of Pharmacy, Tikrit University, Tikrit, Iraq.

3College of Health and Medical Technology, Uruk University, Baghdad, Irag.

“Department of Chemistry, College of Science, King Saud University, P.O. Box 22452, Riyadh 11495, Saudi Arabia.
*Corresponding author.

, Hasan M. Hasan?

Received 09/09/2023, Revised 22/10/2023, Accepted 24/10/2023, Published Online First 20/03/2024,
Published 01/10/2024

—G)

@ [T © 2022 The Author(s). Published by College of Science for Women, University of Baghdad.

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.

Abstract

The ultrafunctional potential of zinc oxide (ZnO) and copper oxide (CuO) nanoparticles (NPs) has
generated a great interest in using such metal oxides as remarkable and electroactive nanocomposites in the
studies on potentiometry and sensors. These nano-oxides were prepared from the extract of Leucaena
leucocephala seeds as an environmentally friendly process. The development of a ZnO/CuO “core-shell
modified-nanocomposite” coated copper wire film sensor was proposed as a new method for potentiometric
determination of pseudoephedrine hydrochloride (PSD) in pure and pharmaceutical dosage forms. With the
existence of polyvinyl chloride (PVC) as a polymer with high molecular weight and “o-nitrophenyl octyl
ether (0-NPOE) as a solvent mediator”, PSD was combined with phosphotungstic acid (PTA) to produce
pseudoephedrine hydrochloride-phosphotungstate (PSD-PT) as a sensing substance. The improved sensor
showed a very high sensitivity and selectivity for determining and quantifying the PSD with a linear
relationship of 1.0x108-1.0x102 mol L. It was estimated that the regression equation was represented by
the EmV = (-58.143) log [PSD] + 526.71. With the proposed sensors, pseudoephedrine hydrochloride could
be effectively determined in pure and commercial product forms.

Keywords: Green Chemistry, Leucaena leucocephala, Polymeric Sensor, Pseudoephedrine HCI,
ZnO/CuO nanocomposite.

Introduction

In recent years, green chemistry has played a
significant role in analytical chemistry, especially by
using fruits, leaves, and seeds of plants available in
public , private gardens, or in nature. The methods
for synthesizing nanomaterials from these plant
sources have evolved to produce hybrid
nanomaterials instead of single nanoparticles®
Several articles have been published to investigate

the exceptional properties of metal oxides such as
Zn0O, Al;0s, CuO, and MgO, etc. The use of zinc
oxide and copper oxide nanoparticles (ZnONPs and
CuONPs) with large surface areas and unique
properties such as specific catalytic, optical,
chemical, and mechanical properties have attracted
much attention®®. In addition to coating the sensor
wire to improve the catalytic properties of the
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substrate, the development of a nanocomposite of
metal oxide ensures the interaction between the base
metal materials and the base medium 7.

The ZnO/CuO nanocomposite is also widely used in
catalysis. The application of this nanocomposite in
electrochemical sensors is promoted by the
multifunctional  physicochemical potential  of
ZnONPs and CuONPs as well as their large surface
area, strong binding properties, and good isoelectric
stability 114,

Leucaena leucocephala is a tiny, fast-growing tree
that has spread across the tropics and into portions of
Asia®®. This plant is a fast-growing medium-sized
tree of the Fabaceae family. Therapeutic properties
of Leucaena leucocephala include relieving stomach
discomfort, contraception, and abortion. Sulfated
glycosylated polysaccharides extracted from the
seeds have been shown to have significant anticancer
chemo preventive and antiproliferative effects’®.

In tablet formulations, the seed gum is used as a
binder!’. Leucaena leucocephala plant extract has
potential antidiabetic, antimicrobial, and
anthelmintic effects!®. The dyes obtained from this
plant can also be used in the leather and cotton
industries!®?, Accordingly, in the current work, the
seed extract of Leucaena leucocephala, a medicinally
important plant, was used for the green synthesis of
the ZnO/CuO nanocomposite. The seed extract is
used as a reducing and stabilizing agent.

Pseudoephedrine  hydrochloride (PSD) is a
decongestant that causes constriction of the blood
vessels in the nasal passages. Nasal congestion may
be caused by dilated blood vessels. Pseudoephedrine
is used to relieve nasal and sinus congestion and
congestion of the eustachian tubes, which drain fluid
from the inner ears. It is a sympathomimetic from the
phenethylamine and amphetamine chemical
family?t. Chemically, PSD is identified as (1S,2S)-2-
(methylamino)-1-phenylpropan-1-ol hydrochloride
Fig 1. It is a white crystalline powder or colorless
crystals that are slightly soluble in water and ethanol
(96%) and sparingly soluble in methylene chloride.
Its melting point is about 184 °C?,

H OH

N
HCI

Materials and Methods

Figure 1. Chemical structure of pseudoephedrine
HClI  (mwt: 201.69  g/mol, molecular
formula: C10H1sNOCI)

In the past, numerous analytical methods, such as
spectrophotometric methods?*?*, have been used to
determine PSD. Separation methods such as liquid
chromatography?>?, liquid chromatography-tandem
mass spectrometry?’, capillary zone
electrophoresis?®, and voltammetric method?® have
also been described and developed for the
determination of PSD.

Electrochemical methods, such as conductometry,
potentiometry, and amperometry are more reliable
and cost-effective for chemical detection, chemical
and biosensing applications®-%, These approaches
are also fast in terms of analysis time, allowing on-
line detection of aqueous solutions. The
potentiometric approach is one of the most efficient
self-powered techniques, with potential difference
determination produced by the electrostatic buildup
of analytes on the surface of the working sensor and
the reference sensor. Several potentiometric sensors
have recently been functionalized with metal oxides
nanoparticles or nanocomposites to improve their
sensitivity and detection limits®*%¢. However, only
one potentiometric sensing method based on nano-
metal oxides was reported for the determination of
PSD¥®, and no method was proposed for the
quantification of PSD in a strategy modified with
core-shell nanocomposites (metal oxide/metal oxide
NP). The previously mentioned techniques showed
good sensitivity for the quantification of PSD.
However, they have certain limitations due to the
long analysis times, the great experience of analysts,
and the use of solvents. The aim of the suggested
approach is to produce a modified PSD-PT-
ZnO/CuO nanocomposite sensor that is both
extremely sensitive and selective. This manufactured
sensor was designed for potentiometrically
measuring the pharmaceutical and pure forms of
sympathomimetic PSD. The method used in this
study was validated to certify the appropriateness of
the amended coated sensors.
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Instruments

A pH/mV (JENWAY 3310 UK) and a pH/mV
(pH700, EUTECH Instruments, Singapore) were
used for the potentiometric measurement. The
nanocomposites' UV-vis spectra were measured
using a Shimadzu-1800  spectrophotometer
(Shimadzu Ltd, Tokyo, Japan). In order to determine
the dimensions and shape of the metal
nanocomposites, a scanning electron microscope
(Mira3, SEM) (Czech Republic) was used at 15kV
and x10 magnification. To capture the X-ray powder
diffractogram (XRD), we employed a D-5000
diffractometer from Siemens (Germany). The
Fourier transform infrared (FTIR) spectra were
analyzed wusing a Shimadzu FT-IR 8400S
spectrophotometer (Tokyo, Japan).

Chemicals

Samarra Drug Industry (SDI), an Iragi company,
provided the pure grade of PSD. One, Two, Three
(1,2,3) ©® syrup (Hikma Pharma S. A. E., Egypt)
15mg/smL, Acetamol® tablet (Sama Alfayhaa
Pharmaceutical company, Basra, Iraq) 30mg/Tablet
and Congestal® (SIGMA Pharmaceutical Industries,
Quesna, Egypt) 60mg/tablet were purchased from a
nearby local pharmacy. Various chemicals and
solvents, including THF 99.0%, PTA 99.9%, acetone
99.8%, 0-NPOE, HCI 37% and polyvinyl chloride
(PVC) of a high molecular weight were purchased
from Sigma Aldrich (Hamburg, Germany). BDH
(Poole, UK) supplied the zinc nitrate hexahydrate,
copper nitrate trihydrate, and NaOH. A robustness
study used phosphate buffer 5.5 (Merk, Darmstadt,
Germany) to adjust pH. Analytical-grade reagents
were used throughout.

?0 O «

Leucaena leucocephala seeds Copper nitrate

‘ Green synthesis

Seed extract

@neﬁ
OCu\Cu ) \

ZnO/CuO nanoocmposite

Green Synthesis of ZnO/CuO Nanocomposite

Collection and Preparation of Leucaena
leucocephala Seeds
Leucaena leucocephala seeds samples were

collected freshly from Tikrit University Gardens
(Tikrit, Iraq) in February 2023. Deionized water was
used to wash the seeds to be used after drying at 60
C for 28 hrs. Five grams of seeds were well crushed
and added to 150 mL of deionized water with stirring
at 60 °C for 4 hrs. The extract was separated by
centrifugation (at least 10 minutes and 6000 rpm) to
remove suspended solids. The extract was collected
for the preparation of ZNONPs®"%,

Green Synthesis ZnO/CuO Nanocomposite

For the formation of the ZnO-CuO nanocomposite,
0.72 g of zinc nitrate and 0.19 g of copper nitrate
were mixed into 80 mL of deionized water to
produce concentrations of 0.03 mol L Zn(NOs), and
0.01 mol L* Cu(NOs),. To create a mixed colloid of
these metals hydroxides (Zn(OH)2) and Cu(OH),),
20 mL of seed extract was added to the previous
solution while stirring at laboratory temperature, and
the pH was adjusted to 10. The ultracentrifuge was
used to separate the colloid and then dry it. The
colloid was then calcinated for 4 hours at 400 °C. The
phytochemicals present in seed extract such as
saponins, flavonoids, phenols, cardiac glycosides,
and tannins, phlobatannin and terpenoids as
secondary metabolites such as strong reducing and
stabilizing agents during the green synthesis of
nanoparticles process®. The formation of ZnO/CuO
nanocomposites was demonstrated by observing the
blue color of the powder®®4, The steps of
synthesizing the nanocomposite of ZnO-CuO are
shown in Scheme 1.

Zinc nitrate

0 k

ZnO/CuO nanoocmposite

Scheme 1. Schematic steps for the green synthesis of ZnO/CuO nanocomposites
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Characterization of ZnO/CuO Nanocomposite
Spectroscopic measurements were carried out at
200-600 nm wavelength to ensure the ZnO/CuO
nanocomposite creation. In addition, FT-IR was
performed to define the potential practical sets that
may exist in the synthesized ZnO/CuO
nanocomposite. XRD analysis thoroughly used “Ka
radiation (A = 1.5418 A) under an operative current
of 35 mA”. SEM was used to specify the morphology
of surface, size distribution and shape.

Preparing the PSD Stock Solution and
Pharmaceutical Dosage Forms

Here, 0.2017 g of PSD was dissolved in 100 mL of
deionized water to obtain a standard solution of
1.0x102 mol Lt PSD. The following commercial
dosage formulations were prepared: 1, 2, 3® syrup
solution was diluted 67.2 mL in a 100 mL volumetric
flask to obtain a 1.0x102 mol L of the pure PSD
solution. Ten Acetamol® tablets weighed 2.103 g.
Then, 1.414 g was dissolved in a 100 mL volumetric
flask to prepare the pure PSD's final solution of
1.0x102 mol L. 1.2354 g of the pure PSD from
Congestal® tablets was also obtained by dissolving
1.2354 g from a combination of ten tablets (the
weight of ten tablets was 3.675 g). A series of
dilutions prepared all lower concentrations.

ZnO/CuO nancomposite pvC

¥

Preparing the Electroactive lon-pair

In this step, 50 mL of an aqueous PSD solution was
added to the same volume of PTA solution at the
same concentration of 1.0x102 mol L™ to obtain the
electroactive ion-pair of PSD-PT. Then, deionized
water was used to form, filter and thoroughly wash a
white precipitate of PSD-PM. After that, this white
precipitate was left to dry at room temperature for at
least two days.
Fabrication of Sensor and Membrane
Compositions

The combination of 5 mg of the formerly
manufactured nanocomposite of ZnO/CuO, 10 mg
PSD-PT, 190 mg PVC, 0.35 mL o-NPOE as a
plasticizer, and 5 mL THF was used to prepare the
PSD-PT-ZnO/CuO sensor. The sensor was
fabricated by continuously dipping washed copper
wire into the membrane solution until the coated area
had been obtained. This was done after the wire tip
was cleaned and dried using distilled water and
acetone®. The coated wire sensor was constructed
using: copper wire/fabricated sensor/investigated
drug solution/Hg/Hg.Cl, (reference electrode).
Scheme 2 shows the fabrication of the polymer-
coated wire membrane cocktail and the setup of the
potentiometric system.

Electroactive complex

PSD-PT-ZnO/CuO nanocomposite

pH-meter

Calomel electrode 1 -
‘ —

Sample

|

Coated wire electrode

Magnetic stirrer

Scheme 2.The scheme of creating the potentiometric system and PSD-PT-ZnO/CuO nanocomposite
sensor.
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Calibration Curve

The calibration curve of the PSD-PT-ZnO/CuQO
nanocomposite sensor was prepared by recording the
potential responses of 25 mL PSD standard solution
over the concentration range of 1.0x108-1.0x107
mol L* using the constructed sensor separately in
conjunction with a calomel reference electrode
(Hg/Hg:Cly). The plot of calibration for the above
sensor was made by plotting the potential values as a
function of -log PSD concentrations. The distilled
water was used to thoroughly clean the surface of
sensors, and then tissue paper was used to dry this
surface before each measurement.

The Optimal Conditions

The suggested sensor's potential measurements are
highly sensitive to changes in pH. To assess the
optimal pH range for the constructed sensor, 1.0x10°
2 and 1.0x10* mol L* PSD test solutions were
acidified with 0.1 mol L* hydrochloric acid to
decrease the pH and 0.1 mol L sodium hydroxide to
increase the pH. The optimum pH diagram was

Results and Discussion

Characterization of the ZnO/CuO
Nanocomposite

The preparation of ZnO/CuO nanocomposite has
been characterized by various spectroscopic
methods, including ultraviolet-visible, FT-IR, SEM
and XRD. To verify the original identification of the
size, shape, and stability of the synthesized
nanoparticles of metal oxide in their aqueous
suspensions, ultraviolet spectroscopy was revealed
to be a useful technique. The UV-Vis spectra of the

drawn by plotting the suggested sensor potential
against the values of pH.
A separate solution method (SSM) was used to test
the PSD-PT-ZnO/CuO nanocomposite sensor
selectivity*,
The sensor's potentiometric selectivity coefficient
was estimated by preparing separate solutions of
each 1.0x10°° mol L PSD and some interfering
species, such as 1%, 2" and 3™ cations and anions,
sugars, amino acids, and polysaccharides. The
equation of SSM was used to calculate the selectivity
coefficient as follows:

“Log Kpot = (E2 — E1)/S + Log [PSD] — Log

[Bz+]1/z”

Where “Kpot” is the coefficient of selectivity, “Eq,
and E>” are the electrode potential of 1.0x107° mol
L* of PSD solution while B?* and S are the electrode
potential of 1.0x1072 mol L of interfering species
and slope of the calibration curve, respectively.
The dynamic response time was investigated by
calculating the tested drug's potential response using
the concentration range of 1.0x1078-1.0x1072 mol
L1

ZnO/CuO nanocomposite presented the following
absorption at 340 nm and 378 nm , Fig. 2. The
following equation®® was used to estimate the direct
optical band gaps of the synthesized ZnONPs and
CuONPs: Eg =hC/). 1.

Eg is the energy, while h, C, and A represent the
“constant of Planck (6.626107* J.s)”, the “light speed
(2.99x10® m/sec)”, and the wavelength, respectively.
Above ZnO and CuO NPs were predicted to have
band gaps of 3.65 eV and 3.28 eV, respectively.

ZnO/CuO nanocomposite

0.3 -+

0.2 -+

Absorbance
o
[y

200 300

400 500 600

Wavelength, nm

Figure 2. The spectrum of UV-Vis of the manufactured nanocomposite of ZnO/CuO (0.01% w/v) using
deionized water.
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In order to increase the probability of scattering and
penetrating radiation, surface plasmon resonance
(SPR) reduces the surface. These processes
accelerate oxidation because they lead to the creation
of surface holes and the separation of electrons.
Variations in the dielectric matrix can also affect
absorption peaks on an SPR. It is well-established
that the matrix's refractive index directly affects its
effective dielectric behavior.

FT-IR spectroscopy is also used to identify the
functional groups contributing to ZnO/CuO
nanocomposites synthesis. The FT-IR spectrum of
Leucaena leucocephala seeds extract shows the
presence of different absorption peaks at 3296, 2964,
2088, 1720, 1600, 1257, and 1070 cm™ due to the
presence of (strong broad O-H of alcohol), (N=C=S
starching of isocyanate), (Strong C=0 stretching of
conjugated anhydride), (Strong C=0 stretching of &
lactam), (Strong C-O stretching of alkyl aryl ether),
and (Strong S=0O stretching of sulfoxide),
respectively Fig. 3.

@

m Leucaena leucocephaln seeds

e
30 d—\F'*g’ /TN\] A
964 2088 |0,
%T 20 3296 Yy
| 1600\ i
llll |||L iw

0 k 1720 L\ 1257
4400 3400 2400 1400 400

10

Wavenumber (cm )

40 0] ZnO/CuO nanocomposite
30
%T
20
10 1639
0 3393 1125
4400 3400 2400 1400 400

Wavenumber (cm 1)
Figure 3. FT-IR spectra of (a) leucocephala seeds
extract and (b) synthesized ZnO/CuO
nanocomposite using Leucaena leucocephala
seeds extract at a wavenumber range from 4400
to 400 cm™.

The FT-IR spectrum of ZnO/CuO nanocomposite
shows the presence of seven significant absorption
peaks at 3393, 2095, 1639, 1416, 1125, 620, and 418
cm? related to (Strong, broad O-H of phenolic
compounds), (Strong N=C=S stretching of
isothiocyanate), (Medium, C=C stretching of
alkene),( Medium, O-H of alcohol), (Strong C-O
stretching of tertiary alcohol), (Cu-O stretching),
and (Zn—O stretching mode).

SEM was used at different magnifications to conduct
additional microscopic research on the size, shape
and morphology of surface of the produced ZnO-
CuO NPs. The images of SEM showed the identical
distribution of nanoparticles that have spherical and
hexagonal shapes for ZnONPs and CuONPs,

respectively. While the particle size of ZnO/CuO
nanocomposite was in the range of 80 to 100 nm with
highly accumulated crystals
morphology Figs. 4a and 4b.

in their surface

Figure 4. a&b SEM micrographs of ZnO/CuO nanocomposite at 10,000 x and 80,000x magnifications.
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The X-ray diffraction patterns were discovered
throughout a 20-100° 2 range to analyse the crystal
structure of green synthesized ZnONPs and
CuONPs. Fig.5a shows clear and prominent peaks,
indicating that the produced metal oxide
nanoparticles have outstanding crystallinity with
roughly bigger crystallites and takes into account the
impact of synthesis conditions on crystal nucleation
and growth. ZnONPs had substantial maxima at
31.64° (100), 34.43° (002), 36.29° (101), 47.75°
(102), 56.51° (110), 62.90° (103), 67.98° (112), and
69.23° (112). The results matched the ZnO standard
card No. 36-14514%44,

The crystalline structure of green synthesized
CUuONPs was confirmed by the XRD analysis Fig.5b

€)]
80007 ZnONPs

JCPDS No.36-1451
6000 -

Counts

4000 1

2000 1

60 80 100 120

2 theta degree
©
8000 1

0 20 40

6000 -

Counts

4000 1

2000 1

Counts

Various diffraction peaks at 26 of 32.61° (1 1 0),
35.64° (00 2),38.97°(111),48.93° (02 0), 53.55°
(202),58.35°(113),61.08°(022),66.27° (311),
and 79.27° (2 2 2) showed the monoclinical spherical
crystalline nature. The results matched the CuO
standard card no. 48-1548%°. Fig. 5c shows the
presence of both ZnO and CuO peaks indicating the
successful formation of ZnO/CuO nanocomposite.
The average crystalline size of ZnO/CuO
nanocomposite was calculated using the Debye-
Scherer formula, D =0.89) / BCosB. Where A (1.54
A) is the wavelength of the X-ray, 0 is Bragg’s
diffraction angle and P is the full width at half
maximum. The estimated crystalline size was 17.64
nm.

®)
3000 CuONPs
JCPDS No. 48-1548
20004
10001
0 . | | . || I|| I . ] . \
0 20 40 60 80 100 120

2 theta degree

ZnO/CuO nanocompoite

* 7In0 NPs
* CuO NPs

0 20 40

60 80 100 120

2 theta degree

Figure 5. The XRD spectra of (a) ZnONPs, (b) CuUONPs, and (c) ZnO/CuO nanocomposite measured
at 20-100° 0 degree.

Optimization of Membrane Composition

In general, the features and qualities of a sensor, such
as sensitivity, selectivity, a lifetime and other
parameters, are affected by the amount and kind of
plasticizer, polymer matrix, and solvent used*. In
this study the effect of different membrane
compositions on their characteristics  were

investigated. Table.1 summarizes the optimization of
membrane composition. The obtained results
revealed that the excellent potential readings were
observed by using the sensor 1 and 2 with slope -58.5
mV decade™. Therefore, these percentages were used
in further studies.
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Table 1. Effect of membrane composition on the potential readings of the modified PSD-PT-ZnO/CuO
nanocomposite sensor

No. Plasticizer (%0) PVC (%) lon-pair (%)  THF (mL) Slope (mV)
0-NPOE
1 66 33 2 5 -58.5
2 66 33 2 5 -58.5
3 63 33 4 5 -56.3
4 63 33 4 5 -56.3
5 60 33 6 5 -53.7
6 60 33 6 5 -53.7

The Nature of the Constructed Modified PSD-PT
-ZnO/CuO Nanocomposite Sensor

PSD reacts with PTA to produce the stable PSD-PM
complex, which is soluble in organic solvents like
THF. The PSD-PT-ZnO/CuO nanocomposite sensor
was prepared by combining the above components in
THF with a mediating solvent (o0-NPOE) and
polyvinyl chloride. In this study, o-NPOE acts as a
plasticizer supporting the electroactive substance's
homogeneous dissolution. The selectivity of the
proposed PSD-PT-ZnO/CuO nanocomposite sensor
towards the investigated PSD analyte has been
enhanced using o-NPOE with a high dielectric
constant (e = 24) %,

Table 2 summarizes the expected response and
important performance characteristics of the
proposed PSD-PT-ZnO/CuO nanocomposite. The

surface of the Cu wire sensor was coated with a
sensing membrane combination, resulting in many
electroactive spots on the sensor surface. Metal oxide
nanoparticles with different physical and chemical
properties, such as the ZnO/CuO nanocomposite,
were incorporated into the membrane composition to
enhance the conductivity of the sensor surface due to
their mechanical and chemical stability, high
dielectric constant, high conductivity, and large
surface area, which increase the PSD ions in the
sample solution and the active sites distributed on the
membrane surface.

Results showed that the suggested sensor exhibited
Nernstian response with the slope of Emyv = (-58.143)
log [PSD] + 526.71 over the PSD concentration
range of 1.0x1078-1.0x 02 mol L* with a correlation
coefficient 0.9995 for PSD-PT -ZnO/CuQO
nanocomposite sensor Fig. 6.

Table 2. The outcomes data for ZnO/CuO nanocomposite coated wire pseudoephedrine hydrochloride
phosphotungstate sensor

Parameter PSD-PT-ZnO/CuO nanocomposite
sensor
Equation of regression Emv = (-58.143) log [PSD] + 526.71
Correlation coefficient, (r) 0.9995
Slope, (mV/decade) +SD 58.143+0.2
Intercept 526.71
Linearity, mol L 1,O><10_8-1,O><10_2
Working pH range 3.6
Temperature, (°C) 25
LOD, (mol L'l) 5.2x10°
LOQ (mol L'l) 1.0x10°8
Response time, (s) 30
Lifetime, (day) 80
Accuracy, (%) +SD 99.6+0.3
Robustness, (%) +SD 08.3+1.50
Ruggedness, (%) +SD 99.1+0.98
The sensing mechanism was summarized as follows: chemical  properties, such as  ZnO/CuO

The surface of the copper wire was coated with an
ion-pair membrane matrix, resulting in a distribution
of many electroactive sites on the surface. A metal
oxide nanocomposite with different physical and

nanocomposite, was incorporated into the membrane
composition to enhance the conductivity of the
sensor surface due to its high conductivity, dielectric
permittivity, mechanical and chemical stability, and
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large surface area, which enhanced the PSD ions in
the sample solution and the active sites distributed on
the membrane surface®.

500 =
y =-58.143x + 526.71 'l'
400 o R? =0.9995
7.1
>
3 1
= 300 1 ¢
s T
€ o
g T
5 200 { _
100 + o
0 v v v v ]
10 8 6 4 2 0

-log [PSD], mol L-1

Figure 6. The calibration curve of the PSD-PT-
ZnO/CuO nanocomposite using PSD
concentration range of 1.0x10®-1.0x102 mol L*

Effect of Response Time and Soaking Time

The response time of the sensor PSD-PT-ZnO/CuO
nanocomposite was constant 30 s, over the tested
1.0x10 mol L PSD solution. The reproducibility
of the proposed sensor was investigated during their
lifetime and the results showed high repeatability.
The sensors have lifetimes of 80 days, and the slope
of the sensor remained stable and repeatable
throughout. By immersing the developed sensors for
1 to 6 hrs and overnight, the effect of immersion
times on the potential activities of the sensors was
investigated. It was found that the appropriate
conditioning time for the prepared modified
membrane was 3 hrs.

Effect of pH

Interference from hydrogen ions can have a
significant effect on the potential reading of the
membrane sensor. Therefore, it is important to
determine the safe pH range in which hydrogen ions
do not interfere with the potential reading of the
sensor. The results showed that both PSD-PT-
ZnO/CuO nanocomposite sensor concentrations are
essentially pH-independent in the pH range of 3-6,
and PSD can be accurately measured within this pH
range using the proposed sensor Fig. 7. At lower pH
values the increase in mV readings may be attributed
to the interference of hydronium ion. While, at higher
pH values the decrease in the mV readings may be

due to base precipitates in the test solution and
consequently, the concentration of unprotonated
species gradually increased™.

The obtained results may be understood as follows:
at the pH levels below 3, as the number of hydrogen
ions in the test solution increased, the sensor's
potential also climbed somewhat due to forming a
protonated ion pair resistant to the PSD ions.
Nevertheless, at the pH levels above 6, the potential
readings rapidly reduced because of a rise in the OH
ions, causing competition between the PSD ions and
the OH ions and, as a consequence, decreasing the
interaction between the ion-pair sites on the sensor
membrane and the ions of the drug being tested. As
a result, the possible responses of the proposed
sensor decreased*.
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Figure 7.The effect of pH on the suggested PSD-
PT-ZnO/CuO nanocomposite sensor  using
1.0x10% mol L™ and 1.0x102 mol L™ PSD
solutions

Effect of Foreign Substances

Separate and mixed solution methods were used to
test the selectivity coefficient of the proposed sensor
for identifying PSD in a mixture containing 1.0x103
mol L of PSD and interfering species. The proposed
sensor  showed excellent selectivity. The
conductivity of the constructed sensor increased due
to the large surface area and physicochemical
properties of the metal oxide nanoparticles, which
also improved the sensor's selectivity for the tested
PSD ions. The results showed that carbohydrates and
amino acids had no influence. In addition, the smaller
in size, mobility and permeability of the inorganic
cations compared to PSD* prevented these cations
from interfering with the analysis of the drug.
Therefore, using the PSD-PT-ZnO/CuO
nanocomposite sensor to determine PSD*, high
selectivity and good tolerance were achieved Table
3.
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Table 3. The selectivity coefficient (K™%sp.) of the PSD-PT-ZnO/CuO nanocomposite sensor by the
method of separate solution using 1.0x107* mol L™ PSD

Interfering species

KPopsps of PSD-ZNO-CuO NPs sensor

Sodium ion
Silver ion
Calcium ion
Barium ion
Copper (I1)ion
Ferric ion
Chloride ion
Sulphate ion
Phosphate ion
Fructose*
Glucose*
Sucrose*
Histidine*
Glycine *
Starch*

4.3 %10
5.2x10™
3.7x10°
4.1x10°°
2.6 x10™
6.6 x 10
1.9x10™*
3.9%x10°
2.2%x10™"
1.1x10°
74%x10°
6.8 x 107
8.9x 10
2.5x107°
4.6 x 10

*These compounds measured using mixed solution method

Quantitative Determination of PSD in Its Bulk
Powder

The constructed PSD-PT-ZnO/CuO nanocomposite
sensor was employed for determining PSD in its bulk
powder and the percentage recovery was 99.64 +
0.62 for the proposed sensor Table 4. The high

sensitivity was due to the unique chemical and
physical properties of the added nanoparticles of
metal oxide, causing an excellent selectivity and
sensitivity toward the examined drug because of the
high dielectric constant of the nanocomposite of
ZnQO/CuO.

Table 4. The results from quantifying PSD in bulk form using PSD-PT-ZnO/CuO nanocomposite
sensor using PSD concentration range of 1.0x10% -1.0x102 mol L*

PSD-PT-ZnO-CuO nanocomposite sensor.

Taken -log [PSD]. mol L

8.0

7.0

6.0

Statistical analysis 5.0

4.0

3.0

2.0

%Mean+SD
n
Variance

%SE
%RSD

Found -log [PSD] mol L™ Recovery, %

8.02 100.25
6.93 99.00
5.97 99.50
4.96 99.20
4.02 100.50
3.00 100.00
1.98 99.00
99.64+0.62
7

0.38

0.23

0.62

Validation of the Proposed Potentiometric
Method

According to “the standards of the International
Council ~ for  Harmonization of Technical
Requirements for Pharmaceuticals for Human Use
(ICH)” “8, the proposed potentiometric approach was
validated. The PSD-PT-ZnO/CuO nanocomposite
sensor displayed linear concentration ranges using
the least square regression equation Eny = (-58.143)
log [PSD] + 526.71 with a correlation coefficient of
0.9995. After the slope of the suggested sensor was

lowered by 17.9 mV, the potential readings of the
construction sensor were measured to establish the
lower limit of detection (LOD). According to the
obtained data, the recommended coated wire sensor
had LODs of 5.2x10° mol L™ The suggested
sensor's accuracy was examined using the eight PSD
concentrations, and a mean percentage recovery of
99.60+0.3 was determined. Additionally, the
recommended potentiometric method's precision
was verified using intra-day and inter-day
assessments.
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0.49% and 1.11%, respectively. The fact that all
findings are less than 2% suggests a very accurate
approach Table 5.

The percentage relative standard deviation (% RSD)
was used to express the results. For intra-day and
inter-day assessment, the proposed sensor displayed

Table 5. The precision assay of the suggested method using PSD-PT -ZnO/CuO nanocomposite sensor
using PSD concentration range of 1.0x10® -1.0x102 mol L™
PSD-PT-ZnO/CuO nanocomposite coated copper wire sensors.
Intra-day assay Inter-day assay

Statistical Taken Found Recovery, Taken Found Recovery %
analysis -log [PSD]. -log [PSD] % -log [PSD]. -log [PSD]
mol.L! mol L mol L* mol L
8.0 7.96 99.50 8.0 7.94 99.25
5.0 5.02 100.40 5.0 4.93 98.60
3.0 2.98 99.33 3.0 3.03 101.00
2.0 1.99 99.50 2.0 2.01 100.50
%MeanSD 99.68+0.49 99.83+1.11
n 4 4
Variance 0.24 1.23
%SE 0.25 0.20
%RSD 0.49 111

By utilizing phosphate buffer pH 5.5 to create a small
variation in the pH values of the tested solutions, the
robustness of the approach was investigated. The
obtained percentage recovery was estimated and
determined to be 98.3+1.50 for the suggested sensor
(Table 2). The robustness of the recommended
approach was further investigated using the
EUTECH pH700 pH meter, another pH meter model.
The outcome was shown as the mean percentage
recovery for the indicated sensors, which was
determined to be 99.1+0.98 (Table 2). There was no
apparent distinction between the results and those
produced using the approach provided, which
verified a great agreement.

Determination of the
Commercial Products
Three commercial products, syrup® (15 mg/5 mL),
acetamol® tablet (30 mg/tablet), and Congestal® (60
mg/tablet) were used to determine the PSD content
in their products. Regression equations were used to
estimate recoveries as a percentage, with values for
the test solutions ranging from 1.0x10%-1.0x102 mol
L. For the abovementioned sensor, the results were
100.09+0.92, 99.79+0.98, and 99.85 + 0.75 for each
product, respectively Table 6. The obtained results
were compared with the previously reported
spectrophotometric  method?® and statistically
analyzed using Student’s t-test and F-test®0. The
results showed that there were no significant
differences between the two results.

PSD Quantity in

Page | 3144


https://doi.org/10.21123/bsj.2024.9313

2024, 21(10): 3134 —3149
https://doi.org/10.21123/bsj.2024.9313
P-1SSN: 2078-8665 - E-ISSN: 2411-7986

A

Baghdad Science Journal

Table 6. The results from the determination of PSD in some pharmaceutical formulations using
suggested PSD-PT -ZnO/CuO nanocomposite sensor using PSD concentration range of 1.0x10%-
1.0x102 mol L™ in comparison with a spectrophotometric published approach?

Samples PSD-PT -ZnO/CuO nanocomposite sensor
Taken -log [PSD]. mol L Found-log [PSD] mol L Recovery, %
8.0 7.95 99.38
7.0 7.03 100.43
6.0 6.01 100.17
5.0 4.98 99.60
Svru 4.0 3.95 98.75
yrup 3.0 3.04 101.33
2.0 2.02 101.00
%Mean+SD 100.09+0.92
n 7
Variance 0.85
%SE 0.35
%RSD 0.92
8.0 8.02 100.25
7.0 7.01 100.14
6.0 6.05 100.83
Acetamol® tablet 28 ggg 32(8)8
(30 mg/tablet) 3.0 2.97 99.00
2.0 2.01 100.50
*%Mean+SD 99.79+0.98
n 7
Variance 0.96
%SE 0.37
%RSD 0.98
8.0 8.06 100.75
7.0 6.97 99.57
6.0 6.01 100.17
Congestal® (60 23 ggg 190906800
mg/tablet) 3.0 2.99 99.67
2.0 1.98 99.00
*%MeanzSD 99.85+£0.75
n 7
Variance 0.56
%SE 0.28
%RSD 0.75
Reported Method 102.5+1.92
Mean+SD
t-test 2.03(2.23)*
F-test 4.26 (5.05)*

* »The figures between parentheses are the theoretical values of " t-test" and "F-test" at P=0.05 4%

Conclusion

In the present approach, a potentiometric sensor
based on ZnO/CuO nanocomposites was
successfully constructed, characterized with easy
modification and extreme sensitive. The sensor was
fabricated by coating ZnO/CuO nanocompaosites on
a copper wire in the presence of PSD-PT (ion pair)

and 0-NPOE as a plasticizer. The enormous surface-
to-volume ratio of the proposed modified nanosensor
provided tremendous sensitivity. The modified PSD-
PT-ZnO/CuO nanocomposite sensor showed very
high sensitivity and selectivity for the determination
and quantification of PSD with a linear relationship
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of 1.0x10%-1.0x10% mol L' and a regression
equation Emv = (-58.143) log [PSD] + 526.71.
Statistical analysis was used to analyze the modified
metal oxide nanocomposite sensor's outcomes in
determining PSD. In addition, a metal oxide
nanocomposite layer coated on the sensor surface
improved the electrical conductivity of this sensor
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