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Abstract

In this study, an environmentally friendly biomethod was developed for the green synthesis of nickel
oxide nanoparticles (NiONPs) by lemon balm extract due to its bioreductive ability , this process is
completely green, and free of toxic and hazardous solvents ,the optical, catalytic and structural
properties of NiONPs were studied, through the use of XRD and SEM measurement, the results
showed the formation of pure and crystalline NiONPs, we also manufactured electrodes for the
determination of the drug triprolidine hydrochloride (TRI), the first electrode is the traditional coated
graphite electrode (1) (TRI-PTA-TBP), as for the second electrode, the nano-coated graphite
electrode (1) (TRI-PTA-TBPNiONPs), the results showed that the linear range for the conventional
selectivity of electrode (1) is between (10 — 10°) mol/L, while the linear range for the nanoelectrode
(1) is between (102 — 10®) mol/L, and the inclination of electrode (1) was calculated at (54.5)
millivolts/knot, while the inclination of electrode (Il) was estimated at (58.25) millivolts/knot, the
results also showed that the estimation factor for electrode (I (is (0.9991), while the estimation factor
for the electrode (II) is (0.9999), through these results, we have concluded that the graphite electrode
coated with nickel nanoparticles (II) is more sensitive and selective than the traditional coated
graphite electrode (I),these poles succeeded in identifying (TRI) In its various pharmaceutical
formulations, the validation of the method was evaluated according to IUPAC recommendations as
this method is an environmentally friendly technology and does not require sample pretreatment or
derivatization.

Keywords: Tripyridine hydrochloride; coated graphite sensors ; nickel oxide nanoparticles; selective
electrodes lonic.

1-Introduction

Tripyridine hydrochloride: It is fromHZ1-receptor inhibitors are antihistamines [1], a chemical
compound used as an over-the-counter drug that has anticholinergic properties, It is used to treat
symptoms associated with allergies and is sometimes combined with other cold medications
manufactured to combat flu-like symptoms, as is the case with many antihistamine medications [2]
triprolidine inhibits H1 receptors and thus prevents histamine from binding to its receptors, as the
binding of histamine leads to the appearance of symptoms such as (sneezing, itching, runny nose,
watery eyes), Its molecular weight is (314.85) g/mol, and its structural formula is:
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figure (1) Structural formula of Tri proledine hydrochloride

Tripyridine hydrochloride is used to treat symptoms of allergies and seasonal allergies, such as
coughing, sneezing, nasal congestion, itching, and eye inflammation[3] , the drug works by inhibiting
the effect of histamine, a chemical that the body secretes during an allergic reaction, and thus helps
relieve the symptoms associated with allergies.

Several analytical techniques have been reported for the quantitative determination of TRI including
various HPLC methods for the analysis of TRI either alone or in combination with other drugs in
their pharmaceutical dosage forms [4-7] , the compound was identified using capillary
electrophoresis in the presence of paracetamol [8] , and TRI was also analyzed using
spectrophotometry [9-11] , where we created ion-selective electrodes for [12,13] (TRI) and
development of selective electrodes as a sensor for measuring concentration (TRI) whether separately
or in pharmaceutical preparations , these electrodes rely on the transfer of ions in the electrolyte
solution , and when the selective electrode is placed in a solution containing ions interacting with the
selective membrane, a transfer of ions occurs across the membrane, leading to a difference in
potential between the membrane and the electrolyte solution [14] , selective electrodes can be used to
measure the concentration of ions in solutions by measuring the voltage between the selective
electrode and a reference electrode [15-16] , Since their discovery in 1890, selective electrodes have
been greatly developed, one of the most important developments was the discovery of the glass
electrode to measure the function of acidity (pH) in 1900, other selective electrodes were developed
to measure the concentration of other types of ions such as (Ca, K, Na) [17,18], and their ability to
respond quickly to changes in concentrations, the simple change in acid function (PH) is also
considered easy to prepare, develop, and cost, electrochemical techniques are currently considered
one of the most environmentally friendly methods used in the field of pharmaceutical research, as
they do not require the use of dangerous solutions or organic solvents, these techniques rely on the
use of electrodes, lon-selective electrodes (ISEs) are based on the movement of substances across a
special membrane and are widely used to determine drugs in their pure and pharmaceutical forms,
ion-selective electrodes (ISEs) are characterized by their high selectivity in accurately determining
analytes in complex, turbid, colored and viscous solutions without separation [19], the process of
measuring concentration depends on measuring the change in electrical potential across the selective
membrane that interacts with the target ion, pre-calibration is used to create a calibration curve that
links the change in electrical potential to the concentration of the target compound, the measurement
process usually includes sample preparation, preparing the selective electrodes, and measuring output
voltage, selective electrode technology is a fast and accurate method for analyzing the concentration
of chemical compounds such as (TRI) however the selective electrodes must be optimized and
calibrated to ensure accurate measurements it may be additional analyzes are also necessary to ensure
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that the concentrations measured by the selective electrodes are consistent with other approved
methods of analysis[20].

2 - Materials and Methods
2-1- Chemicals

Samarra Pharmaceutical Industries (SDI) produces triprolidine hydrochloride , The Fluka firm
supplied 99.9% pure triperoleine powder (100 mg) and chloride aqueous nickel NiCl2.6H20 to
Sigma-Aldrich (Hamburg, Germany), The analytical chemistry laboratory at Tikrit University's
College of Science produced a variety of materials, including tetrahydrofuran (99.9% THF),
polyvinyl chloride (PVC), 99.0% tributyl phthalate (99.0% TBP), and hydrochloric acid and sodium
hydroxide solutions, both of which were supplied by BDH with a purity of 99.9%. Deionized water
was also produced there. supplied methylcellulose, glucose maltose, magnesium citrate,
croscarmellose sodium, and phosphotanexacetic acid (99.9% PTA).

2 - 2 - Tools and devices

All experimental studies were carried out using a 211-HANNA pH meter (HANNA

instruments, Smithfield, VA, USA) , Another pH meter (Metrohm-744) was used to adjust the pH of
the analytical samples , sartorius BL210 S AG Gottingen, Jenway-pH Meter 3310, electric mill ,
centrifuge , scanning electron microscope ( SEM ,JSM-7610FTokyo , Japan), diffractometer
(Shimadzu XRD-6000 kyoto , Japan) , calomel electrode Co.(Germany) N013-639-52 fisher sientific
as a reference electrode , electric drying oven (Germany) , Jenway hot plate with magnetic
stirrer(Germany),Sci Finetech-Muffle furnace-FTMF-705(Germany).

2-3-The Cyperus Seeds Extract

Cyperus seeds were cleaned, washed with distilled water, and dried in the sun for two days. They
were then dried in an oven for twenty-four hours at 100 degrees celsius. Next, the seeds were ground
using a home electric grinder to produce a particle size smaller than 0.42 mm. Next, the powder was
sifted through a hole-sized clip (0.42 mm). finally, the powder was weighed (10 mg) using a scale
with four decimal places. finally, the powder was soaked in (100 ml) of distilled water and heated to a
temperature of (80°C) using an electric heater , this was done for approximately an hour, after which
it was left to cool at room temperature and filtered with filter paper, then transferred the cyperus plant
extract solution into a 250 ml vitreous glass beaker and kept it somewhere secure until needed.

2 - 4 - Green Preparation of Nanoparticles ( NIONPS)

(NiONPs) were created via a previously revealed green synthesis technique , in order to prepare
(NiONPs), 10 milliliters of the cyperus plant extract and 10 milliliters of Nikel Sulfate concentration
(0.1M) are combined and continuously stirred for thirty minutes using a magnetic stirrer. During this
time, slowly add drops of NaOH with a concentration of 2 M while stirring the mixture; the mixture's
yellowish brown color indicates the formation of calcium nanoparticles. The sediment is then filtered
through filter paper and repeatedly washed with distilled water to remove excess sodium hydroxide ,
then dry it in a convection oven for an hour. After that, the precipitate is calcined for three hours at
500°C in an incineration oven. The calcium particles are then retained, and the resulting nanoparticles
are stored in a secure location until needed.

2-5- Preparation of the standard solution of Tri proledine HCL (0.01M)
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It was made by melting 0.3148 gm of TRI powder in a glass beaker with a capacity of 25 ml of
deionized water , It was then placed in a large glass bottle and diluted and supplemented with
deionized water to the appropriate level , a series of standard solutions (102 — 10® M) were then
prepared from it using the law of dilution

2-6- Preparation of the ion pair (TRI-PTA)

The ionic double is made by combining (50 ml) of TRI with a focus of (0.01 M) and (50 ml) of
flocculating agent (PTA) with a focus of (0.01 M) in a (250 ml) glass beaker , the mixture is then
continuously stirred for 20 minutes using a magnetic stirrer, and the mixture is left in a dark place for
24 hours until a brown precipitate forms , the precipitate is then filtered and repeatedly washed with
distilled water, dried in an electric oven set to 70 degrees celsius, weighed, and stored in a secure
location until needed.

2-7 - Membrane composition and electrode fabrication

In order to create a typical sensor film, (0.01 mg) of the ionic double and (0.19 mg) of PVC were
combined in a (10 ml) large capacity glass container , the mixture was then dissolved in (5 ml) of
solvent (THF) , after thoroughly mixing with a glass stirrer, add (0.35 ml) of plasticizer (TBP) , after
giving it a good hour to allow the membrane to fully form, we remove the graphite sensor and
thoroughly clean it with distilled water, after allowing acetone to dry, we pierced one end of the
sensor deeply with a drill (0.5 cm) and offered (2 mm) , we then placed the sensor inside a
polyethylene tube, leaving one end pole length (1 cm) for plating , next, we added a length of copper
wire (8 cm) and knocked the perforated sensor several times, each at a 10 second interval, so that we
could connect it to a potential difference device , finally, we scanned the graphite in the membrane
solution multiple times, every minute, and let it dry for thirty minutes, In order to create a nano sensor
membrane (NiONPs), we combine (0.01 mg) of the ionic double with (0.19 mg) of PVC and (5 mg)
of the particle (NiONPs) in a (10 ml) glass beaker , we then dissolve the particles in (5 ml) of solvent
(THF) , using a glass motor, thoroughly mix; add (0.35 ml) of plasticizer ( TBP ) , after giving it a
good hour to allow the membrane to fully form, we take a graphite sensor and thoroughly clean it
with distilled water and acetone, then allowed it to dry before offering to hole it at one end with a
deep electric drill (0.5 cm) (2mm) Insert the sensor into the polyethylene tube, leaving one end of the
pole lengthwise (1 cm) for plating , next , insert an 8-cm piece of copper wire through the perforation
in the sensor and securely fasten it to the potential difference device , the graphite sensor is then
repeatedly applied to the membrane solution at a rate of ten seconds per minute, and it is allowed to
dry for thirty minutes.

2 -8- Calibration curve

Each of the (25 ml) of (10° — 10® M) TRI standard solution was assessed and evaluated
independently using the proposed sensors and reference electrode. figure (2) shows the potential
values as a function of -logarithm TRI concentrations as displayed on the calibration graphs of each
sensor

2-9- The effect of (PH)

We use a (25 ml) glass beaker to hold (20 ml) of drug TRI at concentrations of (102— 10 M) , the
calomel sensor is then submerged in each of the constructed sensors (I, 1I), in that order, and we
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measure the potential difference after adjusting the acid function ratio from (1.8 — 5) , Following each
measurement , the manufactured sensors and the standard calomel sensor were cleaned and soaked in
distilled water before being dried , we then plotted the relationship between the potential difference
and the acid function in the excel program, and the results are displayed in figure (3) .

2-10- The effect of temperature

We measure the potential difference after varying the temperature of the two concentrations solution
(102, 10 M) from ( 10 — 50) degrees Celsius , we then draw the relationship between potential
difference and temperature in the excel program, and the results are shown in figure (4) , we take (20
ml) for concentrations (102 — 10* M) from a drug TRI in a (25 ml) glass beaker , the calomel
electrode is then immersed with each of the manufactured sensors (1,11) respectively.

2-11- Analytical Applications

The suggested sensors TRI-PTA-NiONPs were used separately to determine each concentration of the
tested medication , Ten Samafed® tablets (150 mg/tablet) were finely crushed, and 0.53 gm was
dissolved in distilled water to make a standard solution of (10%) mol / L. Working solutions were
created to achieve varied concentrations of TRI in the range of (10> —10®) mol / L .

3- Results and discussion
3.1. Characterization of the Synthesized Nanoparticles

The scanning electron microscope (SEM) technique uses a concentrated, high-energy electron beam
to interact with the surface of the sample it is exposed to , this interaction produces a distinct set of
signals on the surface of the solid sample being examined and allows for the creation of topographical
images , the SEM technique can reveal a great deal of information about the surface of the sample ,
this method mostly depends on how much of the spot is exposed to the electron beam and how much
of an impact it has, since the electron beam is often scanned using raster scanning, and the signal's
position is then merged to provide a precise image of the sample's surface under test, figure (5)
illustrates the compound (NiONPs) imaged by scanning electron microscopy, which revealed rods
with diameters ranging from (129 — 208) nanometers as well as (208 nm) and some microns whose
dimensions ranged from (45-81 nm) .
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Figure (5) The imaging Scanning electron microscope SEM for ( NiONPs)

The crystal structures of the NiONPs prepared using cyperus plant extract were confirmed by XRD
analysis as shown in Figure ( 6), where X-ray diffraction analysis revealed characteristic bands of
peaks at 20 starting from (31.7-76) , table (1) also shows the XRD results of the nanoprecipitate
(NiONPs) using cyperus plant extract, which showed many parameters and structural characteristics
of the materials such as the size of the particles, the width of the beams at the average height, the
location of the peaks and the distances between the crystal layers, and that D represents the particle
size, where the average crystal size (32.4 nm) according to the scherrer equation to calculate the size
of the crystals.
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Figure (6) XRD patterns of green synthesized (NiONPS) using syperus extract

Table (1) X-ray diffraction (XRD) results for particles (NiONPs) prepared using syperus extract
| Pos. [°2Th.] | FWHM | d-spacing | Height | Rel.Int. | D nm | Average |
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[°2Th] | [AY] [cts] [90] D nm
31.7385 0.1968 | 2.81937 73.62 8.54 43.84332 32.43305
37.2755 0.2952 | 2.41232 530.94 61.58 29.67092
43.3409 0.2460 | 2.08775 862.13 100.00 36.30373
44,5822 0.2952 | 2.03246 694.16 80.52 30.38568
51.9522 0.2460 | 1.76015 213.37 24.75 37.52922
62.9813 0.3444 | 1.47587 418.27 48.52 28.26056
75.4655 0.6888 | 1.25974 141.78 16.45 15.23536
76.4453 0.3936 | 1.24602 121.60 14.10 26.84045
31.7385 0.1968 | 2.81937 73.62 8.54 43.84332
37.2755 0.2952 | 2.41232 530.94 61.58 29.67092
43.3409 0.2460 | 2.08775 862.13 100.00 36.30373
44,5822 0.2952 | 2.03246 694.16 80.52 30.38568
51.9522 0.2460 | 1.76015 213.37 24.75 37.52922
62.9813 0.3444 | 1.47587 418.27 48.52 28.26056

Table(2) electrochemical response characteristics of traditional (TRI-PTA-TBP) sensor , and modified (TRI-PTA-TBP-

NiONPs) sensor.

Parameters traditional TRI-PTA-TBP Modified (TRI-PTA-TBP-NiONPs)
Sensor Sensor
Slope 54.5 58.25
(mv/decade)
Regression -54.5X+466.8 -58.25X+580.25
equation
linear range 10°-10® 10°-10°
(M)
Correlation 0.9991 0.9999
Coefficient(r)
Response 8-36 4-29
Time/s
Wrking PH 3.2-38 2.8-3.8
range
Lifetime/day 24 34
Temperature 20-30 20-30
C
LOD 2.18 x 107 4.6x10°

The interaction of the medication (TRI) and the precipitate (PTA) results in the formation of the ionic
anionic pair (TRI-PTA) , when PVC and the plasticizer tributyl phthalate (TBP) are present, the stable
ion pair (TRI-PTA) can dissolve in organic solvents such (THF) , the ion pair melts uniformly thanks
to this fluidized substance, and it then diffuses uniformly into the electrode membrane , the linear
range of the modified sensors (I,11) and the conventional ion pair is between (10 - 10°°) mol/L and
(10 - 10®) mol/L, respectively, according to the results displayed in table (2) , additionally, it was
discovered that the slopes of the modified and traditional sensors (I , II) were, respectively,(
54.5,58.25) MV/nodes , the sensors' estimation coefficients (0.9991, 0.9999) show that they are both
quite near to unity for a concentration of (10?) mol/L, the response times of modified and
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conventional sensors (1,11) are (8 ,4), respectively , and (36,29) seconds for concentrations of (10°,10°
%) mol/L , additionally, the conventional and modified sensors (I,I1) have respective lifespans of 21
and 35 days. The ideal temperature for both sensors to function at is 25 degrees celsius , the PH
function was examined in the estimate process (TRI) , for both modified and conventional sensors
(10,10 mol/L, the optimal range of the acidity function is (3.2 - 3.8) and (2.8 — 3.8), respectively ,
variations in acid levels can impact the response and performance of conventional and nanoelectrodes
(1,11) specifically, when operating in the (2.8-3.8) and (3.2-3.8) linear pH ranges .

Phagocaustic alterations can impact the response and performance of both conventional and
nanoelectrodes (1,11) , more specifically , two distinct amounts (10, 10%) mol/L can influence drug
detection while operating within the linear pH range (3.2 - 3.8, 2.8 - 3.8) , respectively , when
working in very acidic circumstances, electrodes (1,11) exhibit low voltage values , this reduction can
be linked to the pharmaceutical ingredient's creation of a white precipitate as a result of its interaction
or blockage of the medication substance.

Additionally, the solution being measured turns turbid, and an increase in the concentration of the
hydroxyl ion may cause flocculation on the electrode membrane. As a result, there is intense
competition between the hydroxyl and drug ions for the position of double ions, which reduces the
interaction between the ions and results in a decrease in the linearity gradient , a decrease in potential
difference values is also seen when hydrochloric acid solution drops are added to create low pH
conditions , this drop indicates a higher concentration of hydrogen ions, which can be explained by
the interference of hydronium ions , this leads to the formation of hydrogen ion pairs, which are very
sensitive to hydronium ions present in the solution under measurement but less sensitive to drug ions.

400 y=-58.25x+580.25
y=-54.5x+466.8 R?=0.9999
R?=0.9991

E(mv)
E(mv)

-Log(CONC) Loglconc)

(a) (b)
Figure (2) Calibration graphs of the fabricated (a) traditional (TRI-PTA-TBP) Sensor , and (b) Modified (TRI-PTA-TBP-
NiONPs) Sensor
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Figure (3) The effect of acid function , (a) traditional (TRI-PTA-TBP) Sensor , and (b) Modified (TRI-PTA-TBP-
NiONPs) Sensor
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Figure (4) effect of temperature , (a) traditional (TRI-PTA-TBP) Sensor, (b) Modified (TRI-PTA-TBP-NiONPs) Sensor

Table (3) statistical treatment of the Samafed® results of the calibration curve for traditional

Modified (TRI-PTA-TBP-NiONPs) sensors .

TRI-PTA-TBP and

Parameters (TRI-PTA-TBP ) (TRI-PTA-TBP-NiONPs)
Taken Found | Recovery Taken Found | Recovery
—Log conc | Mol.L* % —Logconc | Mol.L!
mol.L" mol.L" %
6.0 5.94 99.00 8.0 7.97 99.62
Pure Drug 5.0 4.95 99.00 7.0 7.02 100.28
4.0 3.95 98.75 6.0 6.01 100.16
3.0 2.96 98.66 5.0 5.00 100.00
2.0 1.95 97.5 4.0 4.004 100.1
3.0 2.99 99.66
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| | 20 | 199 | 995
%Mean+SD 98.58 + 0.6 999 F 0.3
n 5 7
Variance 0.38 0.09
%SE 0.27 0.11
%RSD 0.63 0.3

TRI-PTA-TBP and TRI-PTA-TBP-NiO sensors were used to test the TRI in its commercial product,
which is Samafed® film coated tablets (150 mg/tablet) , the expected values for the two sensors were
99.9+0.3 and 98.58+0.6, respectively (Table 3) , the results showed that compared to the TRI-PTA-
TBP sensor, the TRI-PTA-TBP-NiO sensor was more sensitive to detect TRI analyte , Because of the
metal oxide nanocomposite's special physical and chemical characteristics, its large surface area,
which enhances interfacial contact between the detected analytes and the sensor membrane's active
sites, high conductivity, and high dynamic stability, the TRI-PTA-TBP-NiO sensor was able to detect
the target analyte. The projected values were compared to those of a previously established method
based on silicon tungstic acid preparation of a PVC sensor [21] , the results were statistically analyzed
[22] , there were no appreciable variations in the positive and consistent results.

Table (4) Values of the selectivity coefficient (K) obtained from both traditional and modified sensors (I, 1)

KpOt
Foreign Compound _ Lj
traditional and Modified Sensors
TRI-PTA-TBP (I) TRI-PTA-TBP-NiONPs(II)

Glucose 0.280 0.092
Maltose 0.226 0.082
Methyl Cellulose 0.19 0.079
Cross carmellose 0.318 0.117
Magnesium stearate 0.346 0.070

Based on Table (4) results, it can be observed that modified TRI-PTA-TBP-NiONPs sensor (1) is more
selective than its traditional TRI-PTA-TBP sensor (I) , additionally, the selectivity coefficient values for
both the modified and traditional sensors (I, 1l) are less than one, suggesting that the additives
(glucose, maltose, methyl cellulose, cross-carmellose, and magnesium stearate) don't seem to interfere
with the ion that needs to be detected .

4 — Conclusions

After standard and customized sensors were manufactured, researchers evaluated electrochemistry
and potentiometry , We designate one of these sensors as the "second sensor" since it has been coated
with calcium nanoparticles, or kaunps , The properties of TRI in both its pure and medical preparation
forms are estimated using these sensors , this investigation revealed a discernible difference between
the modified sensor (Il) and the traditional sensor (I) in terms of their capacity to identify histamine
and antimicrobial TRI , in comparison to the standard sensor (I), the modified sensor (II)
demonstrated a higher response and a faster reaction time , this can be explained by the way calcium
oxide molecules work to improve electrical performance , they also have a large surface area and
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small particle size, which make them more sensitive and selective , these features enable the modified
(second) sensor to search for the drug TRI rapidly, with low limits and a wide range of concentrations
, their excellent physical and chemical characteristics enable them to transmit the drug's ions swiftly ,
the redesigned (second) sensor is hence more sensitive to the medication TRI , the free energy of
transportation of the drug ion between the selective electrode membrane and the drug solution, which
is measured inversely, is proportional to its selective ability, these features enable the improved
(second) sensor to swiftly identify TRI medicines in hospitals and research facilities.
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