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Abstract:

This research aims to develop selective electrodes based on green chemistry techniques to analyze of cy-
proheptadine hydrochloride. (CPH) In its pure form, it is used in pharmaceutical preparations. Nanoparticles
of calcium and zinc oxides were prepared using plant extracts (lavender and chia seeds) as an environmentally
friendly reducing agent. The nanomaterials were characterized using X-ray diffraction (XRD), scanning electron
microscopy (SEM), and energy-dispersive spectroscopy (EDX), which confirmed the successful preparation
and the presence of a nanocrystalline structure with a particle size in the 20-30 nm range. Graphite electrodes
coated with nano-layers were fabricated from CaONPs and ZnONPs prepared by using a green method, they
were used as electrochemical sensors for drug quantification. These electrodes demonstrated a sensitive and
rapid electrochemical response over a wide concentration range (102 - 108 M), with a response time ranging
from 2—-38 seconds depending on the concentration. The performance of the fabricated electrodes was evalu-
ated in terms of compatibility, accuracy, and quantitative limit. (LOQ), limit of detection (LOD), and temporal
stability The results showed that these sensors have high selectivity towards CPH with minimal interference
from interfering ions. The electrodes have also been shown to maintain their excellent performance for up to
38-32 one day, almost before anynoticeable deterioration in their response occurs. Practical applications for an-
alyzing various pharmaceutical samples demonstrated high agreement between the results obtained using these
electrodes and reference methods, enhancing their reliability as environmentally friendly analytical tools. This
research represents an important step toward developing sustainable electrochemical sensors with high efficien-
cy in pharmaceutical analysis, paving the way for the widespread use of this technology in environmental and
medical applications.
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1- Introduction

Nanotechnology is concerned with
the production of materials with na-
noscale dimensions ranging from1 and
100 nm. Due to their small size, chemi-
cal composition, and surface structure,
these nanoparticles possess unique
properties. In recent years, green chem-
1stry and nanotechnology have become
closely linked. This enables the reduc-
tion of the negative effects caused by
the production and use of nanomate-
rials, while alleviating concerns about
problems associated with other meth-
ods. Green nanomaterial construction
1s the preferred option because it is safe
and environmentally friendly'. The im-
portance of these nanomaterials lies
primarily in their high surface-to-vol-
ume ratio due to their extremely small
size, which enhances surface contact
with other objects®?. Green chemistry
is defined as methods that prevent pol-
lution by utilizing chemicals used in
specific fields, such as environmentally
friendly analytical chemistry and ana-
lytical methodologies in their clean and
green forms. Therefore, green synthe-
sis is a viable approach to the produc-
tion of nanoparticles because it com-

plies with environmental standards and
is biocompatible*’. The goal of green
nanotechnology is to produce nanoma-
terials and products that do not cause
any harm to the environment or human
health, and also to provide solutions to
environmental problems through the
resulting products. This technology re-
lies on the principles of green chemis-
try and green engineering to produce
novel nanomaterials®. Green nanotech-
nology methods provide new innova-
tive approaches using plant extracts
to synthesize novel nanoparticles with
specific properties that are highly de-
sired and desirable for the development
of biosensors, biomedical devices, cos-
metics, and electrochemical nanotech-
nology’. Ion-selective membrane elec-
trodes are an automated classification
and are known as electro-analytical
sensors that selectively analyze the de-
sired substances through chemical re-
actions occurring between them?®. The
scientist (Qstwald) discovered this type
of electrode, ion-selective membrane
electrodes, in 1890°. Nanopharmacolo-
gy is based on the use of nanotechnol-
ogy to explore and develop new meth-
ods for releasing medical substances
and drugs by reducing their sizes to na-
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noscale, which improves the properties
of pharmaceuticals, especially those
used in the treatment of diseases'.
This technology has multiple advan-
tages in the field of medicine, the most
prominent of which are'': delivering
drugs to targeted sites within the body,
enhancing the solubility of poorly sol-
uble drugs, ensuring the maintenance
of therapeutic efficacy and effective-
ness, protecting drugs from degrada-
tion, and reducing treatment costs, as
nanopharmaceutical products are more
economical compared to alternatives to
conventional products. Nanoparticles
are important for several applications,
including sensors, as well as structur-
al materials, electronics, drug delivery
systems, and cancer diagnosis'?.

The complex Cyproheptadine HCI
(CPH) has the formula shown in Fig-
ure 1. This drug is an antihistamine,
commonly used to relieve symptoms
caused by allergies such as runny nose,
watery eyes, itching, and sneezing.
CPH works by blocking a natural sub-
stance called histamine, which is pro-
duced by the body during an allergic
reaction. CPH 1s used to treat several
hormonal disorders and can also be
used to treat and alleviate the side ef-

fects of antidepressants'?. Ion-selec-
tive potential measurement is anoth-
er tool that can be applied to analyze
CPH-containing materials. Ion-selec-
tive electrodes with latent membranes
have been used in the analysis of bi-
ological and pharmaceutical fluids for
decades'+"”.C H CIN.1’2H.O , (As

217722

shown in FIGURE 1).

- HCI
* 1% Ha0

FIGURE 1. Chemical
structure of cyproheptadine
HCI C  H,,CIN.12H,O and its

217722
molecular weight is 350.9 g/mol.

2- Experimental

2-1 Chemicals

The chemicals used in this study in-
clude:

Organic and inorganic solvents such
as acetone, tetrahydrofuran (THF), and
tert-butyl phosphate (TBP as plastisiz-
er). Active pharmaceutical ingredients
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and excipients include cyproheptadine
hydrochloride  (Ca1H22CIN-1.5H20),
glucose, maltose, methylcellulose,
cross carmellose, and magnesium stea-
rate. Salts and reagents such as , hydrat-
ed calcium nitrate (Ca(NOs)2-4H20),
zinc sulphate (ZnSOa4-7H20), sodium
hydroxide (NaOH), and hydrochloric
acid (HCl). Polymers and matrix ma-
terials including polyvinyl chloride
(PVC) and titanium dioxide (TiOz).
Precipitating agents such as phospho-
tungstic acid (PTA, H:O4sPWs), ammo-
nium reineckate (NHa[Cr(NCS)a(N-
Hs)2]-H20)distilled water were also
utilized.

2.2. Tools and Devices

A variety of analytical and laborato-
ry instruments were employed through-
out the experimental procedures to en-
sure the accuracyand reliability of the
results. A precision balance (KERN
ABS, Germany) was used for accurate
weighing of chemicals and reagents.
A calomel electrode (Me-SC900, En-
gland) served as the reference electrode
in electrochemical measurements. For
high-temperature treatments and ther-
mal decomposition, an electric muffle
furnace was utilized. Functional group
characterization was conducted using

a Fourier Transform Infrared Spectros-
copy (FTIR) instrument (Shimadzu,
Japan). The Jenway pH Meter 3310
was used to measure and adjust the pH
of various solutions. Mixing and heat-
ing processes were performed using a
magnetic stirrer with a hot plate (FTH-
PM-10, Korea). Sample drying and
heating were carried out in a laboratory
oven (KAROL, Korea). Distilled water
was prepared using a Puridest PD 12 R
water distillation unit, which operates
on single distillation technology. Fi-
nally, Whatman filter paper No. 1 was
used for filtration purposes during the
sample preparation stages.

3. Preparation
of Lavender Leaf Extract

It was milled 10 grams of laven-
der leaves were ground using a na-
no-grinder, then the ground quantity
was dissolved in 150 ml of pure dis-
tilled water. The mixture was left to
boil for half an hour at 80°C, then the
solution was cooled. The mixture was
filtered through filter paper to remove
suspended particles. The extract was
light brown. (As shown in FIGURE 2)
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FIGURE 2. Lavender leaf extract.

4. Green Synthesis of Calcium

Oxide Nanoparticles (CaONPS)

Mixed25 ml of 0.1 M aqueous cal-
cium nitrate prepared using ultrapure
distilled water and a 25 ml solution of
lavender extract was heated for 30 min
at 70°C. Drops of 1 M NaOH solution
were then added. A precipitate began
to form. The mixture was filtered us-

ing filter paper and the precipitate was
washed several times with pure dis-
tilled water to remove any remaining
extract. The mixture was dried in an air
oven at 80°C for 30 minutes. The na-
no-precipitate was then fired in an oven
at 500°C for three hours. This yielded
white-gray calcium oxide nanoparti-
cles. (As shown in FIGURE 3).

FIGURE 3. Calcium oxide Nanoparticles (CaONPS).
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5. Chia Seed Extract
Preparation
It was milled10 grams of chia seeds
were ground using a nano-mill, then the
ground quantity was dissolved in 150
ml of pure distilled water. The mixture

was left to boil for half an hour at 80
degrees Celsius, then the solution was
cooled and then filtered using filter pa-
per to remove any suspended particles.

(As shown in FIGURE 4).

FIGURE 4.
Chia seed
extract

6. Green Synthesis of Zinc
Oxide Nanoparticles (ZnONPS)

Prepared50 ml of 0.2 M hydrated
zinc sulfate was prepared using ul-
tra-pure distilled water. This solution
was then mixed with 10 ml of chia seed
extract and heated for half an hour at
60°C. The mixture was then heated
for 2 hours at 80°C under continuous

stirring (750 rpm) for 30 minutes. The
mixture was filtered using filter paper
and washed with pure distilled water
three times to remove any remaining
extract. The mixture was then dried
in an air oven at 100°C for 30 min-
utes. This resulted in white zinc oxide
nanoparticles. (As shown in FIGURE
5).

FIGURE 5.
Zinc oxide

Nanoparticles
(ZnONPS)
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7. Preparation of a Standard
Solution of Cyproheptadine
Hydrochloride (0.01M)

It is prepared by dissolving 0.3509
g of CPH pharmaceutical powder in
a 100 ml volumetric flask and top up
with distilled water to the mark. A se-
ries of solutions ranging from (10 to
10®) are then prepared by dilution.

8. Preparation
Of the Ion Pair (CPH_AR)

The ion pair is prepared. (CPH _
AR) By adding 50ml of the precipitat-
ing agent AR to 50ml of CPH drug at
the same concentrations (10°) M in a
100ml beaker. After a few minutes we
observed the formation of a pink pre-
cipitate. Then we left it for 24 hours
and filtered the solution and let the fil-
trate dry. At laboratory temperature for
72 hours. To obtain the desired precipi-
tate. (As shown in FIGURE 6)

FIGURE 6. Ion pair (CPH_AR)

9. Preparation
of the Ion Pair (CPH_PTA)
The ion pair is prepared. (CPH
PTA) By adding 50ml of the precipi-
tating agent PTA to 50ml of CPH drug
at the same concentrations (10°) M in a
100ml beaker. After a few minutes we

observed the formation of a light brown
precipitate. Then we left it for 24 hours
and filtered the solution and let the fil-
trate dry. At laboratory temperature for
72 hours. To obtain the desired precipi-
tate. (As shown in FIGURE 7).
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FIGURE 7. lon pair (CPH_PTA)

10. Membrane Composition

and Electrode Fabrication
a- To form a nano-coated graphite
electrode (CPH_AR TBP CaONPs
ZnONPs) (I) 0.19 g of PVC was mixed
with 0.01 g of CPH_AR, 0.005 g of
nano zinc oxide, and 0.005 g of nano
calcium oxide, prepared using green
methods, in a 10 ml beaker and dis-
solved in 5 ml of THF. 0.35 ml of
(Tributyl phosphate) TBP was added
and mixed well with a glass stirrer. A
6 cm long graphite electrode was then
taken. It was thoroughly washed with
acetone and pure distilled water and al-
lowed to dry. It was then placed in a
plastic tube. One end of the electrode
was left connected to a potentiometer.

The other end was immersed several
times in the above mixture to form a
thick film layer and allowed to dry for
a few minutes. The process was repeat-
ed several times until a thick film lay-
er was formed. To form the electrode
of the nanoparticle-coated electrode
membrane (CPH_AR TBP CaONPs
ZnONPs) (I) After that, we immerse
the electrode in the CPH drug solution
with a concentration of (10?) M for a
whole day until the electrode is ready
for study and application. (As shown
in FIGURE 8).
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FIGURE 8. Electrode (I)

b- To form a nano-coated graphite
electrode (CPH_PTA TBP_CaONPs
ZnONPs) (I) 0.19 g of PVC was mixed
with 0.01 g of CPH_PTA, 0.005 g of
each of nano-zinc oxide, and 0.005 g
of nano-calcium oxide, prepared us-
ing green methods, in a 10 ml beaker
and dissolved in 5 ml of THF. 0.35 ml
of (Tributyl phosphate) TBP was add-
ed and mixed well with a glass stirrer.
Next, a 6 cm long graphite electrode
was taken. It was thoroughly washed
with acetone and pure distilled water
and allowed to dry. It was then placed
in a plastic tube. One end of the elec-

trode was left to connect to a potenti-
ometer. The other end was immersed
several times in the above mixture to
form a thick film layer and allowed to
dry for a few minutes. The process was
repeated several times until a thick film
layer was formed. To form the elec-
trode of the nanoparticle-coated elec-
trode membrane (CPH _PTA TBP_
CaONPs_ZnONPs) (II) after that, we
immerse the electrode in the CPH drug
solution with a concentration of (10?)
M for a whole day until the electrode
is ready for study and application. (As
shown in FIGURE 9).

FIGURE 9. Electrode (II)
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11. Characterization
of Nanoparticles

11.1 Infrared Spectrometry Tech-
nology (FTIR)

FTIR (Fourier Transform Infrared
Spectroscopy) i1s an analytical tech-
nique used to identify chemical com-
pounds by measuring infrared absorp-
tion in a given range of frequencies.
The technique detects chemical bonds
in the substance by recording its inter-
action with infrared light, resulting in a
spectrum containing distinctive peaks
expressing the molecular vibrations of

chemical bonds.

Spectrum analysis FTIR for calcium
oxide:

*Top at 711.76 cm-1 shows vibra-
tion of the bonds between calcium and
oxygen (Ca-0O), indicating the forma-
tion of calcium oxide. (As shown in
FIGURE 10)

FTIR Spectrum Analysis for Zinc
Oxide:

Top at 445.57 cm-1 confirms thee
presence of Zn-O vibrations, indicat-
As) .ing the formation of zinc oxide
.(shown in FIGURE 11

FIGURE
10. FTIR for
Calcium Ox-
ide Nanopar-

ticles (Ca-

ONPS)

R e L B B B R a
BBO0 3000 i e == Lied- 2] LEr ] 1 1

FIGURE
11. FTIR for
Zinc Oxide

Nanoparticles
(ZnONPS)




259 ||

dudlyeoll deoolall - duyy Ul aulds - duoldellg dugu il Slwlysdl d oo
02025 Ul - clousdl pgle - phue CWWI sdanll - gguiiellg guo Bl saell

11-2. X-ray diffraction spectrum

A- X-ray diffraction spectrum of CaONPs prepared by plant extracts.

TABLE 1. SHOWS THE MOST IMPORTANT BANDS AND DATA OBTAINED
FROM X-RAY DIFFRACTION SPECTRUM OF CAONPS.

_ Miller . . Avg. D
material 20 _ Intensity | FWHM | d spacing | D (nm)
indexes (nm)
13.8574 100 136.80 0.2362 | 6.39071 | 35.39619
19.1654 110 72.40 0.4723 | 4.63106 | 17.82124
20.3284 110 233.68 0.1181 | 4.36865 | 71.39587
23.0984 111 45.94 0.9446 | 3.85065 | 8.967854
28.1150 200 69.81 0.4723 | 3.17395 | 18.11507
29.4828 200 1426.91 | 0.1968 | 3.02974 | 43.60776
31.9091 210 36.25 0.9446 | 2.80468 | 9.138289
34.8990 211 64.62 0.2362 | 2.57095 | 36.83267
35.6279 211 312.93 0.2755 | 2.52001 | 31.64241
A 36.0905 211 130.70 0.1968 | 2.48876 | 44.35405 | 32.46809
39.5324 220 165.96 0.2362 | 2.27965 | 37.33761
41.3259 221 58.51 0.2362 | 2.18476 | 37.55341
43.2816 300 207.09 0.1574 | 2.09047 | 56.72734
43.8378 310 225.13 0.2362 | 2.06523 | 37.8756
47.5667 311 220.15 0.1968 | 1.91167 | 46.08615
48.5999 222 22591 0.1968 | 1.87342 | 46.27189
50.7194 320 67.44 0.6298 | 1.80000 | 14.58333
57.5205 400 108.62 0.3149 | 1.60230 | 30.06484
60.8405 411 57.96 0.4723 1.52257 | 20.37789
65.1284 420 12.17 1.8893 1.43232 | 5.212348

Analysis showed XRD of the sam-
ples shows crystalline structures based

diffraction analysis, in addition to the
Miller coefficients calculated accord-
on the high-intensity bands that ap- ing to the Bragg equation, as well as
peared in the spectra of the measured the particle sizes calculated according

compounds. Table (1) shows the most  to the Scherrer equation. (As shown in

important bands and data obtained from  FIGURE 12).
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FIGURE 12.
XRD analysis
of CaONPs

B- X-ray diffraction spectrum of
ZnONPs prepared by plant extracts:
As shown in Figure 11. X-ray dif-
fraction (XRD) patterns indicated oth-
er unspecified diffraction peaks attrib-

utable to impurities. The size of nickel
oxide nanoparticles ZnONPs was cal-
culated using the Shearer equation and
the results are shown in TABLE 2 be-
low. And (As shown in FIGURE 13).

TABLE 2. SHOWS THE MOST IMPORTANT BANDS AND DATA OBTAINED
FROM X-RAY DIFFRACTION SPECTRUM OF ZNONPS

material 20 .Miller Intensity | FWHM | d spacing | D (nm) Ave. D
indexes (nm)
10.5118 100 17237 | 0.9446 | 8.41593 | 8.823381
21.5083 200 205.23 | 03149 | 4.13160 | 26.82723
26.2021 211 80.47 1.5744 | 3.40116 | 5.412422
33.0125 310 1419.87 | 0.3149 | 2.71342 | 27.48891
E 35.1479 311 544.12 | 0.3936 | 2.55331 22.1185 | 19.60627
41.2912 321 32.68 1.5744 | 2.18652 | 5.633323
51.8863 332 64.47 2.5190 | 1.76223 | 3.663995
58.6960 | 520 584.06 | 0.1574 | 1.57298 | 60.49254
69.0610 611 60.24 0.6298 | 1.36005 | 15.99616
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FIGURE 13.
XRD analysis
of ZnONPs.

12. SEM Microscopy

of Nanopatricles
A- CaONPs
Scanning  electron  microscope

(SEM) measurements were performed.
SEM) was used to study the surface
morphology of the prepared samples
using a scanning electron microscope
(Thermoscientific Quattro S). Fig-
ure (3-18) shows SEM images taken
at two different scales (1 micrometer,

200 nm) of the prepared calcium oxide
nanoparticles. It was observed that the
nanoparticles CaONPs The obtained
particles have a disordered-like shape
with different dimensions and aver-
age particle size ((29.37 nm), SEM
results clearly demonstrated that this
method significantly affects the shape
and dimensions of CaONPs, each of
which has different shapes, widths, and
lengths. (As shown in FIGURE 14).
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B- ZnONPs

Scanning  electron  microscope
(SEM) measurements were performed.
(SEM) was used to study the surface
morphology of the prepared samples
using a scanning electron microscope
(Thermoscientific Quattro S). FIG-
URE 15 shows SEM images taken
at two different scales (1 micrometer,

200 nm) of the prepared zinc oxide

nanoparticles. It was observed that the
nanoparticles ZnONPs The obtained
particles have a disordered-like shape
with different dimensions and average
particle size (20.65 nm), SEM results
clearly demonstrated that this method
significantly affects the shape and di-
mensions of ZnONPs, each of which
has different shapes

FIGURE 15. SEM Microscopy of ZnONPs

13- Energy dispersive X-ray
spectroscopy (EDX)

Energy-dispersive X-ray spectros-
copy (EDX) is a reliable and widely
used technique for chemical character-
ization and visualization. Using EDX,
various strong signals were detected,
verifying the formation of calcium
oxide nanoparticles (CaONPs). Peaks

appear at optical absorption values of
3.8 keV for calcium atoms. A strong
peak was observed at 0.6 keV for oxy-
gen atoms. This confirms the presence
of calcium oxide nanoparticles. Table
2 shows a calcium content of 22.21%
and an oxygen content of 43.16%. In
addition, low levels of sodium, magne-
sium, potassium, and aluminum, result-
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ing from the lavender extract, which reduction of calcium and the synthesis
1s rich in organic acids and bioactive of calcium nanoparticles. As shown in
molecules such as phenols and flavo- FIGURE 16 and TABLE 3.

noids, effectively contributed to the

FIGURE 16. Energy dispersive X-ray spectroscopy (EDX) of CaONPs

TABLE 3. SHOWS THE MOST IMPORTANT BANDS
AND DATA OBTAINED FROM (EDX) OF CAONPS.

.- = . % £
5 . |2 E| & = : : 5 2 & 3
2 & |28 Z = | £ & E g~

= a4 | < § = < 3 =

o wn =
C |Kseries| 0.78 | 0.00784 16.87 0.41 26.35 C Vit Yes
O |Kseries| 4.40 | 0.01480 | 43.16 0.35 50.63 Si02 Yes
Na | Kseries| 1.89 | 0.00796 10.35 0.13 8.45 Albite Yes
Mg | Kseries | 0.21 | 0.00136 1.46 0.06 1.13 MgO Yes
Al | Kseries | 0.02 | 0.00011 0.10 0.04 0.07 Al203 Yes
P K series | 0.17 | 0.00096 0.71 0.07 0.43 GaP Yes
S K series | 0.06 | 0.00054 0.39 0.06 0.23 FeS2 Yes
Cl | Kseries| 0.13 | 0.00111 0.80 0.05 0.42 NaCl Yes
K | Kseries| 0.69 | 0.00588 393 0.09 1.89 KBr Yes
Ca | Kseries| 3.64 | 0.03254 | 22.21 0.21 10.40 Wollastonite Yes

Total: 100.00 100.00
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14. Energy dispersive X-ray
spectroscopy (EDX)

After applying the technology EDX
to verify the formation of ZnONPs (zinc
oxide nanoparticles) showed some sig-
nals. Some peaks appeared at 1 keV
for zinc atoms. A strong peak was ob-
served at 0.6 keV for oxygen atoms.

This confirmed the presence of zinc
oxide nanoparticles. Table 2 shows the
zinc content of 59.14% and the oxygen
content of 34.72%, with some small
amounts of sulfur, resulting from the
chia extract, which is rich in organic ac-
ids and bioactive molecules. as shown
in FIGURE 17 and TABLE 4.

FIGURE 17. Energy dispersive X-ray spectroscopy (EDX) of ZnONPs

TABLE 4. SHOWS THE MOST IMPORTANT BANDS
AND DATA OBTAINED FROM (EDX) OF ZNONPS.

é < CIQ é ;—n'L 9]
- @ S = g N _ 8 S
& %2 & s 2 % 2o 3z §°
£ = s S < N N E = © 2 = = =
=z g $E| % = 2 E | 2° | 82| 82
K = s 3 = < = 2 s £
(=" - 0
< A = @
@) Kseries| 6:30 |0.02121 | 34.72 0.36 66.44 Si02 Yes
S K series| 0.79 0.00685 6.13 0.18 5.86 FeS2 Yes
7n Lseries | 5.36 |0.05359 | 59.14 0.37 27.70 7n Yes
Total: 100.00 100.00
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15. RESULT
AND DISCUSSION:

To study the quality of the produced
electrode, its detection limits, and its
comparison with previous work, as
well as to determine the strength, dura-
bility, and electrode conditions, and to
review the properties of this nanosen-
sor, tests were conducted by varying
the solution conditions and concentra-
tions after fabrication to determine the
electrode response, linear concentra-
tion range, slope value, correlation co-
efficient, lifetime, detection limit, and
other tests.

15.1. Effect of Temperature:

The effect of temperature on the re-
sponse of the manufactured electrodes
can be known by taking 20 ml of the
drug solution prepared at concentra-
tions of (10%,10%) molar were prepared
separately in a (25 mL) beaker. The
fabricated electrodes (I, 1I) were im-
mersed, respectively, with the calomel
electrode in the CPH drug solution.
Then, the potential was measured af-
ter changing the temperature of the two
solutions (10%,10*) molar from (20-55)
degrees Celsius. Then, the relationship
was drawn. In the Excel program be-
tween the potential difference and tem-

perature, and through the results it was
shown that the electrodes give better
results by about (20-40°C) A decrease
in the potential value of electrodes
manufactured at high temperatures is
observed. The decrease in the poten-
tial value of electrodes with increasing
temperatures is explained by the fact
that high temperatures lead to the ex-
pansion of the pores of the electrode
membrane, which means an increase
in the surface area of the membrane.
Also, high temperatures accelerate the
movement of the drug molecules in
question; that is, the collisions of the
molecules within the drug with each
other increase, which leads to irregu-
lar ion exchange between the drug in
question and the electrode membrane.
As a result of these reasons, the poten-
tial decreases, as shown in FIGURES
(18,19).
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2" FIGURE 18.
ol o H_h""“'mh Effect of
v e Temperature
- value on electrode
T ey
'TE o - FIGURE 19.
i 33 o \ Effect of
“ Temperature
we . . i . h value on electrode
T (I1)

15-2. Effect of pH:

In order to Know the effect of the
acid function on the response of the
electrodes that were manufactured,
several glass cups with a capacity of 20
ml containing CPH drug and the fabri-
cated electrodes (I,II) were immersed
respectively with the calomel electrode
in the drug solution at concentrations
of (10%,10%) M respectively and sepa-
rately

Then the potential difference was
measured with the pH value changing
within the range.(2-12) Using a 0.1
molar hydrochloric acid solution and a
0.1 molar sodium hydroxide solution,
after each measurement the electrodes
were cleaned with distilled water and
dried, then the relationship was drawn.
in Excel program Between the poten-
tial difference and the acidity function,
and the results shown in the two FIG-
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URES (20,21) The acidity function
indicates that the response of the two
electrodes operates in the range (3-8),
that the potential value of the elec-
trodes will decrease when the solution
1s basic or acidic due to the formation
of a white precipitate of the drug or as
a result of the formation of the salt of
the drug substance when the solution
in question becomes cloudy. This is
due to the increase in the concentration

of hydroxyl in the basic medium and
thus will lead to the flocculation of the
electrode membrane. However, when
the acidity function is low in the acidic
medium, we also find a decrease 1n the
potential and the explanation for this is
the increase in the hydrogen ion as a
result of adding HCI and thus a proton
ion doublet will be formed with a weak
response to the drug ions.

FIGURE 20.
Effect of pH
value on
electrode (I)

E[mV)

FIGURE 21.
Effect of pH
value on

electrode (II) g

E(mV)
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15-3 Response Time

After determining the best condi-
tions for the electrode in terms of pH
and temperature, the response time of
the electrodes was studied (I,IT) by tak-
ing a 25 ml glass beaker containing 20
ml of the medicine CPH . And at con-
centrations (102 10%) Molarity was
measured separately for the two elec-
trodes (I, II) and the electrodes were
immersed with the calomel electrode in
the drug solution. Then the voltage was
measured. After each measurement, all
electrodes were cleaned with distilled

water and then dried. Then the relation-
ship was drawn. In the Excel program
between response time and voltage, it
was found that the lowest response time
at which the electrode works(I) 31 sec-
onds for a concentration of 10® and for
a concentration of 10* it is 2 seconds.
As for electrode (II), the minimum
response time at which the electrode
works 1s 38 seconds for a concentra-
tion of 108, while for a concentration of
10% it is 3 seconds. FIGURES (22,23)
Below they explain that,

E(mV)

Time

FIGURE 22.
Effect of Response
Time value on
electrode (I)

E(mV)

Time

FIGURE 23.
Effect of Response
Time value on
electrode (I1)
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15-4 The lifespan of the electrode

The lifetime of the electrodes (I,1I)
must be known. By measuring the po-
tential difference of the drug solution
CPH Focused 10? molar when a 25 ml
beaker is taken and 20 ml of the drug
solution is placed in it and the voltage
1s measured once every two days for
of 50 days. The age of the electrode

was determined by measuring the volt-
age over a period of 50 days using the
drug solution. The results showed that
the measured voltage remained stable
during this period. The electrode’s life-
time was estimated at 45 days. That is,
after this period, the recorded voltage
began to decrease. Figures (24,25) be-
low they explain that.

FIGURE 24.
The lifespan of
electrode (I)

Elmihf]

L gt Doy

FIGURE 25.
The lifespan of
electrode (I1)

E [mV)

30 Lol 50
Lifetime,) days
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15-5. Calibration curve ed optimum conditions. A calibration

After the electrode test Graphite curve representing the relationship
nanoparticles, a series of different con- between the voltage change (mV) and
centrations of the drug solution Cypro- the concentration change (expressed as
heptadine hydrochloride (CPH) were -log[CPH]) was drawn, as shown FIG-
prepared and measured under select- URES (26,27).

Calibration curve

4810

y =-58.964x + 599.54
R*=0.9989 -

] 1 Fj

- log [CPH]

FIGURE 26 Calibration diagram of the nanoelectrode (I)

Calibration curve

S00 f=d
a50
400
=50
':-.::' S0
£ 250
w200 y =-58.857x + 570.14
15 ’
o R*=10.9996 .
50
R
0 1 2 3 : : : 1 : :

- log [CPH]

FIGURE 27 Calibration diagram of the nanoelectrode (II)
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TABLE 5. SHOWS THE STATISTICAL TREATMENT
OF THE CALIBRATION CURVE FOR ELECTRODES

(L,IT)
Samples The second electrode The first electrode
Taken Found Taken Found
Recovery Recovery
-Log conc. -Log conc. Y -Log conc. | -Log conc. Y
mol. L mol. L 0 mol. L mol. L™ °
2.0 2.007 100.35 2.0 2.010 100.50
Pure drug 3.0 2.993 99.77 3.0 2.994 99.80
4.0 3.995 99.88 4.0 3.978 99.45
5.0 4.964 99.28 5.0 5.012 100.24
6.0 5.949 99.15 6.0 6.013 100.22
7.0 6.968 99.54 7.0 6.963 99.47
8.0 8.073 100.91 8.0 8.065 100.81
%mean 99.840.618 100.070.517
variance 0.382 0.267
N 7 7
%SE 0.234 0.195
%RSD 0.619 0.516

15-6. Accuracy and Precision:

After the optimum conditions (pH,
temperature) were established, the ac-
curacy and compatibility of the fabri-
cated electrodes were calculated (I,II)
When the potential was measured for
(10%4,10%,10°)  molar
of the CPH drug solution and locat-

concentrations

ed within the linear range through six
readings for each concentration used,
then the recovery and standard devia-
tion were calculated, where the agree-
ment depends on the standard devia-
tion and the accuracy depends on the

recovery results or the relative error. as
shown in TABLE (6).

TABLE 6. CALCULATIONS THE ACCURACY AND COMPATIBILITY
OF THE FABRICATED ELECTRODES (LII)

Recover Found Taken
Variance o, y RSD% -Log conc. -Log conc. Electrodes
0 mol. L" mol. L*

0.217 100.08 0.465 2.001 2.0 The first elec-
0.199 100.09 0.445 4.003 4.0 trode
0.161 99.65 0.402 5.979 6.0
0.217 99.93 0.466 1.999 2.0 The second
0.482 99.73 0.696 3.989 4.0 electrode
0.281 100.14 0.529 6.009 6.0
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From the results shown in Table
(6), we note that the recovery val-
were:(100.08,100.09,99.65)%
for electrode I nano coated and
was(99.93,99.73,100.14)%For the na-
no-coated electrode II for the prepared

ucs

concentrations which were select-
ed from the calibration curve and the
highest standard deviation value was
for the coated electrode I (0.465) . And
the highest standard deviation of the
electrode coated was II (0.696) from
the results shown above, it is clear that
the modified nanoelectrodes (II,I) They
highly accurate for this drug.

15-7. Selectivity

The optimum conditions (pH, tem-
perature) were established and the se-
lectivity of the fabricated electrodes
was measured (I,II).First, the potential
of the standard solution of the studied
drug is measured by taking the capac-
ity of the Becker 25 ml contains 10 ml

of a drug solution with a concentration
of 10> M. This potential is symbolized
by the symbol Ei. Then, the potential of
the interfering substance is measured
when 10 ml of it 1s mixed with 10 ml of
the drug at the same concentration that
was previously taken from the drug.
This potential is symbolized by the
symbol Ej. After each measurement,
the electrodes must be cleaned with dis-
tilled water and then dried. From the
results in the table below, we note that
the electrodes (I, II) have high accura-
cy for the drug. The ions that were add-
ed, such as (TiO2, Glucose, Maltose,
Cross Carmellose, Methyl Cellulose,
Magnesium Stearate) do not cause any
interaction with the drug CPH. The
evidence for this is that the selectivity
coefficient value for each ion was less
than unity for these electrodes. The re-
sults were as shown in Table (7).

TABLE 7. CALCULATIONS THE SELECTIVITY OF THE FABRICATED ELECTRODES (L,II)

Selectivity coefficient
Electrodes ion Interfering
Electrode II Electrode |

0.817 0.791 TiO,
0.641 0.676 Glucose
0.592 0.650 Maltose
0.785 0.703 Cross Carmellose
0.592 0.731 Methyl Cellulose
0.429 0.535 Magnesium Setrate
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15-8. Limit of Detection (LOD)
and Limit of Quantity (LOQ)

After the optimal conditions (pH,
temperature) are established, the de-

tection limit and the quantum limit of
the fabricated electrodes are calculated
(LIT) the results were as shown in Ta-
ble (8).

TABLE 8. CALCULATIONS THE (LOD) AND (LOQ)
OF THE FABRICATED ELECTRODES (LII)

LOQ LOD Electrode type
4,01 x 10° 1.20 x 10° The first electrode
11.86 x 108 3.55x 108 The second electrode
16. Applications measurement, all electrodes must be

A- direct method

The property has been assessed
Cyproheptadine HC1 (CPH) is admin-
istered by taking a 25 ml beaker con-
taining 20 ml of the pharmaceutical
preparation solution containing the
studied drug in five concentrations
ranging between (10°,10%,10°,10°,107)
molarity separately for solutions pre-
pared for pharmaceutical companies
used (Cyproheptadine HCl 2mg/5ml
syrup - 1raq, Cyproheptadine HCI
2mg/Sml syrup - Egypt, Cyprohepta-
dine HCI PB 4mg Tablets -India ,Cy-
proheptadine HCI 4mg Tablets - Iraq)
Then the manufactured electrodes are
immersed (LII) in series with the calo-
mel electrode in the solutions prepared
for measuring the potential. After each

cleaned with distilled water and then
dried. Then, the relationship is drawn.
in the Excel program between the neg-
ative logarithm of the concentration
and the potential to obtain a calibra-
tion curve Standard to know the drug
concentration directly by applying the
straight-line equation. Results shown
in (TABLE9) .
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TABLE 9. APPLICATION RESULTS OBTAINED BY THE DIRECT METH-
OD USING ELECTRODES (I,II)

pharmacelftlcal The second electrode The first electrode
preparation
Taken Found Taken Found
Recovery Recovery
-Log conc. | -Log conc. o, -Log conc. | -Log conc. o,
mol. L mol. L mol. L mol. L*
CPH 2mg/5ml 3.0 2.979 99.30 3.0 3.011 100.37
syrup - iraq 4.0 4.012 100.30 4.0 4.029 100.73
5.0 5.015 100.30 5.0 4,995 99.90
6.0 6.034 100.57 6.0 5.996 99.93
7.0 6.985 99.79 7.0 7.013 100.19
%mean 100.050.506 100.220.340
variance 0.256 0.116
N 7 5
%SE 0.226 0.152
%RSD 0.506 0.339
Taken Found Taken Found
Recovery Recovery
-Log conc. | -Log conc. o, -Log conc. | -Log conc. o,
mol. L mol. L mol. L mol. L*
2.994
CPH 2mg/5ml 3.0 3.027 100.90 3.0 3.978 99.80
syrup - Egypt 4.0 3.978 99.45 4.0 5'012 99.45
5.0 4.998 99.96 5.0 6'013 100.24
6.0 5.983 99.72 6.0 6.946 100.22
7.0 7.019 100.27 7.0 ' 99.23
%mean 100.060.559 99.790.451
variance 0.313 0.204
N 5 5
%SE 0.250 0.202
%RSD 0.559 0.452
Taken Found Taken Found
Recovery Recovery
-Log conc. | -Log conc. o -Log conc. | -Log conc. o
CPH mol. L mol. L mol. L mol. L
PB 4mg 3.0 3.01 100.33 3.0 3.028 100.93
Tablets -India 4.0 4.012 100.30 4.0 4.012 100.30
5.0 5.032 100.64 5.0 4.978 99.56
6.0 5.966 99.43 6.0 5.9797 99.65
7.0 6.951 99.30 7.0 7.030 100.43
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pharmacelftlcal The second electrode The first electrode
preparation
%mean 100.000.596 100.170.572
variance 0.355 0.327
N 5 5
%SE 0.267 0.256
%RSD 0.596 0.571
Taken Found Taken Found
Recovery Recovery
-Log conc. | -Log conc. o -Log conc. | -Log conc. o
CPH mol. L mol. L mol. L mol. L
4mg 3.0 2.993 99.77 3.0 2.977 99.23
Tablets - Iraq 4.0 3.961 99.03 4.0 4.029 100.73
5.0 5.015 100.30 5.0 4,995 99.90
6.0 6.000 100.00 6.0 5.962 99.37
7.0 6.934 99.06 7.0 6.963 99.47
%mean 99.630.570 99.740.605
variance 0.325 0.366
N 5 5
%SE 0.255 0.271
%RSD 0.572 0.607

B- Standard addition method

The property has been assessed Cy-
proheptadine HCl (CPH) by the stan-
dard addition method, by taking a 25 ml
beaker containing 20 ml of the pharma-
ceutical preparation solution containing
the studied drug at five concentrations
ranging between (10°,10%,10°,10°,107)
molars separately for the solutions
prepared for the pharmaceutical com-
used (Cyproheptadine HCI
2mg/5ml syrup - iraq, Cyproheptadine

panies

HCl 2mg/5Sml syrup - Egypt, Cypro-
heptadine HC1 PB 4mg Tablets -In-
dia ,Cyproheptadine HCI 4mg Tablets
- Iraq) Then the manufactured elec-

trodes were immersed (I,I1) are placed
in series with the calomel electrode in
the solutions prepared for measuring
the potential. After each measurement,
the electrodes (I,II) must be cleaned
with distilled water and then dried. This
potential is called E1. After that, 0.1 ml
of the standard drug solution is added
with the same concentrations used for
all companies studied separately. Af-
ter adding, the potential is measured.
This potential is called E2. After that,
the change in the potential is measured
for all companies studied separately
through the law AE = E2 — E1. Results
shown in (TABLE10) .
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TABLE 10. APPLICATION RESULTS OBTAINED BY THE STANDARD

ADDITION METHOD USING ELECTRODES (LII)

pharmaceuti-
cal prepara- The second electrode The first electrode
tion
Taken Found
Found Taken
-Log Recovery -Log Recovery
-Log conc. -Log conc.
conc. % conc. %
mol. L mol. L
mol. L" mol. L
3.0 3.027 100.90 3.0 3.028 100.93
CPH 2mg/Sml | 49 4.029 100.73 4.0 3.995 99.88
syrup - iraq 5.0 4.981 99.62 5.0 4.978 99.56
6.0 5.949 99.15 6.0 6.013 100.22
7.0 7.002 100.03 7.0 7.030 100.43
%mean 100.080.736 100.200.526
variance 0.542 0.276
N 5 5
%SE 0.329 0.235
%RSD 0.735 0.525
Taken Found
Found Taken
-Log Recovery -Log Recovery
-Log conc. -Log conc.
conc. % conc. %
mol. L" mol. L"
mol. L" mol. L
CPH 2mg/5ml
3.0 2.967 99.20 3.0 2.977 99.23
syrup - Egypt
4.0 3.978 99.45 4.0 4.012 100.30
5.0 5.032 100.64 5.0 4.961 99.22
6.0 6.017 100.28 6.0 5.949 99.15
7.0 6.968 99.54 7.0 7.013 100.19
%mean 99.820.609 99.620.573
variance 0.371 0.328
N 5 5
%SE 0.273 0.256
%RSD 0.610 0.575
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pharmaceuti-
cal prepara- The second electrode The first electrode
tion
Taken Found
Found Taken
-Log Recovery -Log Recovery
-Log conc. -Log conc.
conc. % conc. %
1 mol. L mol. L" |
CPH mol. L mol. L
PBAmg Tab- 1 5 3010 | 10033 3.0 2994 | 99.80
lets -India 4.0 3.995 99.88 4.0 4012 | 10030
5.0 4.981 99.62 5.0 4.961 99.22
6.0 6.034 100.57 6.0 5.979 99.65
7.0 7.019 100.27 7.0 6.964 99.49
%mean 100.130.380 99.690.403
variance 0.144 0.162
N 5 5
%SE 0.170 0.180
%RSD 0.379 0.404
Taken Found
Found Taken
-Log Recovery -Log Recovery
-Log conc. -Log conc.
conc. % conc. %
mol. L mol. L
CPH mol. L" mol. L
4mg Tablets - | 3 2.993 99.77 3.0 3.011 100.37
Iraq 4.0 4.012 100.30 4.0 3.978 99.45
5.0 5.015 100.30 5.0 5.012 100.24
6.0 5.966 99.43 6.0 5.996 99.93
7.0 6.934 99.06 7.0 6.963 99.47
%mean 99.770.544 99.890.424
variance 0.296 0.180
N 5 5
%SE 0.243 0.190
%RSD 0.545 0.425
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CONCLUSIONS

In this research, green chemistry
methods were used because they are
safe, cheap, easy to use, non-hazard-
ous, do not use chemicals, and rely
on electrochemistry. We studied the
potential difference after manufactur-
ing nanoelectrodes, made of calcium
and zinc, which represent nanomateri-
al-coated graphite electrodes for drug
testing in its pure form and in its phar-
maceutical formulations. Through this
study, the results showed that the elec-
trodes coated with nano oxides have
high selectivity and sensitivity, in ad-
dition to a faster response time and sta-
ble results. This is due to the properties
of nanoparticles in the electrophoresis
process, which have a larger surface
area and smaller volume, making them
more sensitive and selective. These
properties enabled us to study the drug
(CPH) with wide concentration ranges
and low thresholds. The high sensitiv-
ity of nanoparticle-coated electrodes is
due to the rapid movement of drug ions
toward the coating, a result of the ex-
cellent physical and chemical proper-
ties of these particles. These nanopar-
ticle-coated electrodes can be relied

upon for CPH detection in pharmaceu-
tical and research facilities.
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