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Two simple, sensitive, and accurate spectrophotometric methods were developed for the determination
of phenylephrine hydrochloride (PHE-HCI) in its pure form and pharmaceutical dosage forms. In method
(A), PHE-HCI reacts with diazotized 3,4,5-trimethoxyaniline (TMA) via a diazo-coupling reaction to
form a yellowish-orange azo dye soluble in an aqueous medium, exhibiting a maximum absorbance at
454 nm. Method (B) is based on cloud point extraction, in which Triton X-114 is added to the azo dye solution
without altering its color or absorption maximum. The experimental conditions affecting both methods were
systematically optimized. Under the optimized conditions, Beer’s law was obeyed over concentration ranges
of 1-22 ug mL-" and 0.3—12 ug mL " for methods (A) and (B), respectively. The determination coefficients
(R?) were 0.9993 and 0.9976, while the molar absorptivities were 1.80 x 10*m? mol" and 3.73 x 10* m? mol'"
for methods (A) and (B), respectively. Sandell’s sensitivities were 1.13 x 108 kg m?and 5.4 x 10° kg m2
The limits of detection and quantification were 0.08 ug mL-" and 0.29 ug mL-", respectively. Both methods
were successfully applied to the determination of PHE-HCI in pharmaceutical preparations, including drops
and tablets, with satisfactory recoveries ranging from 100.34% to 102.48%. In addition, the environmental
impact of the proposed methods was evaluated using greenness assessment tools, confirming their eco-
friendly analytical profiles.
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Introduction

Phenylephrine hydrochloride (C4H,,CINO,,
PHE-HCI) is chemically known as (1R)-1-(3-hydroxy-
phenyl)-2-(methylamino)ethanol hydrochloride
(Figure 1a) [1]. It is a white crystalline powder
belonging to the phenethylamine class and acts as a
selective a-adrenergic receptor agonist [2]. Clinically,
phenylephrine hydrochloride is used to relieve
symptoms without affecting the underlying cause of
the condition [3]. It is administered either alone or in
combination with other agents, such as tropicamide
[4]. The drug is commonly prescribed to increase
blood pressure [5], alleviate symptoms of colds and
coughs by reducing mucus viscosity and increasing
sputum volume, and relieve nasal congestion [6—8].

Owing to its therapeutic importance, numerous
analytical methods have been reported for the
determination of phenylephrine  hydrochloride,
including high-performance liquid chromatography
(HPLC) [9-11], flow injection analysis [12,13],
electrochemical methods [14,15], and conductometric
titration [16]. However, many of these techniques
require expensive instrumentation, skilled operators,
and are not always available in routine analytical
laboratories. In  contrast, spectrophotometric

Malik Kh. Khader, Lamya A. Sarsam

methods are widely favored because of their
simplicity, sensitivity, and cost-effectiveness. Several
spectrophotometric procedures for the determination
of phenylephrine hydrochloride have been reported,
including diazotization—coupling reactions [17-22],
oxidative coupling reactions [23], oxidation—reduction
reactions [24], and derivative spectrophotometry
[25,26]. Moreover, a variety of chromogenic reagents
have been employed to enhance the selectivity and
sensitivity of these methods [27,28].

In the present study, two sensitive spectro-
photometric methods are proposed for the
determination of phenylephrine  hydrochloride.
The first method is based on a rapid azo-coupling
reaction between PHE-HCI and diazotized
3,4,5-trimethoxyaniline (TMA) in an aqueous medium,
as illustrated in Figure 1b. 3,4,5-Trimethoxyaniline is
an important intermediate in organic synthesis and
has been widely utilized in antibacterial, antitumor,
and aromatic amine-related applications [29-31]. The
second method involves cloud point extraction (CPE) of
the azo dye formed between PHE-HCI and diazotized
TMA in the presence of the non-ionic surfactant Triton
X-114. The combination of spectrophotometry with
CPE offers enhanced sensitivity and selectivity while
serving as a practical alternative to more complex and
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costly analytical techniques [32-34]. In addition, the
environmental impact of the proposed methods was
evaluated using the Analytical Eco-Scale to assess
their analytical greenness.

A 1o NH-CH; b) HaN
-HClI
HaC-0 0-CH,
OH O-CHjy

Figure 1. Chemical structures of (a) phenylephrine
hydrochloride (PHE-HCI) and (b) 3,4,5-trimethoxy-
aniline (TMA).

Experimental part

Instruments

All spectrophotometric measurements were carried
out using a JASCO V-360 UV-Vis spectrophotometer
equipped with a fixed spectral bandwidth of 1 nm
and 1 cm path-length glass and quartz cuvettes.
Absorbance data were recorded using a connected
laptop. pH measurements were performed with a
TRANS BP3001 pH meter. An ABS 120-4 analytical
balance (Kern & Sohn, Germany) was used for all
weighing operations. Phase separation in cloud point
extraction experiments was achieved using an MSE-
type centrifuge.

Reagents and materials

All reagents were of analytical reagent grade and
were used without further purification. Phenylephrine
hydrochloride standard was supplied by the State
Company for Drug Industries and Medical Appliances
(SDI), Samarra, Iraq. 3,4,5-Trimethoxyaniline
(Fluka), sodium nitrite (Analar), hydrochloric acid
(Fisher Scientific), sodium hydroxide (BDH), Triton
X-114 (Merck), and absolute ethanol were used as
received. Distilled water was employed throughout the
experiments.

Preparation of solutions

Phenylephrine hydrochloride standard solution
(100 ug mL"). A 0.0100 g portion of phenylephrine
hydrochloride was dissolved in distilled water and
diluted to 100 mL in a volumetric flask. The solution
was stored in an amber bottle at room temperature
and was stable for one week.

3,4,5-Trimethoxyaniline  solution (400 ugmL).
A 0.0400 g portion of 3,4,5-trimethoxyaniline was
dissolved in 5 mL of ethanol and diluted to 100 mL
with distilled water in a volumetric flask.

Sodium nitrite solution. A 0.01 M stock solution
was prepared by dissolving 0.069 g of sodium nitrite
in distilled water and diluting to 100 mL. A working
solution of 1.1 x 10 M sodium nitrite was prepared
by diluting 11 mL of the stock solution to 100 mL with
distilled water.

Hydrochloric acid solution (1 M). A1 M HCI solution
was prepared by diluting 8.6 mL of concentrated

hydrochloric acid (12.1 M) to 100 mL with distilled
water.

Sodium hydroxide solution (1 M). A1 M NaOH
solution was prepared by diluting a 10 M sodium
hydroxide stock solution with distilled water and stored
in a plastic container.

Triton X-114 solution (10% v/v). A 10 mL volume of
Triton X-114 was diluted to 100 mL with cold distilled
water in a volumetric flask.

Pharmaceutical sample preparation

Nasal drops (100 ug mL-"). An aliquot of 1.0 mL of
Nazafrine® nasal drops (1%) (Safa Co., Diyala, Iraq)
was transferred into a 100 mL volumetric flask and
diluted to volume with distilled water.

Tablets (100 ug mL "). Five tablets of Samadol®
(Samarra, Iraq), each labeled to contain 5 mg of
phenylephrine hydrochloride, were finely powdered
and mixed. An accurately weighed portion equivalent
to 0.0100 g of phenylephrine hydrochloride was
dissolved in distilled water, filtered, and diluted to 100
mL in a volumetric flask. The solution was stored in
a dark bottle. The same procedure was applied to
Panacol® caplets (Mass. P.I., U.A.E.).

General procedure and calibration graph

Method (A): Azo-coupling reaction

Under optimized conditions, 1.25 mL of 3,4,5-tri-
methoxyaniline solution (400 ygmL") and 1.25 mL of
sodium nitrite solution (1.1x% 102 M) were transferred
into a series of 10 mL volumetric flasks. Then, 1.1 mL
of hydrochloric acid (1 M) and appropriate volumes
(0.1-2.2 mL) of phenylephrine hydrochloride solution
(100 ugmL-") were added to obtain final concentrations
in the range of 1-22 ug mL™". Subsequently, 2.0 mL
of cetylpyridinium chloride (CPC, 1x10® M) and
1.0 mL of sodium hydroxide solution (1 M) were added.
After 5 min, the solutions were diluted to volume with
distilled water.

The absorbance of the resulting yellowish-
orange azo dye was measured at 454 nm against
a reagent blank. A linear calibration graph was
obtained between absorbance and phenylephrine
hydrochloride concentration, obeying Beer’'s law
over the range 1-22 ug mL" with a correlation
coefficient (R?) of 0.9993. The molar absorptivity was
1.80 x 10* L mol' cm™, corresponding to a Sandell’'s
sensitivity of 0.0113 ug cm2. The limits of detection
(LOD) and quantification (LOQ) were 0.08 pg mL™"
and 0.29 ug mL", respectively.

Method (B): Cloud point extraction (CPE)

Method (B) is based on the azo-coupling reaction
described in Method (A), followed by cloud point
extraction using Triton X-114. Into a series of 10 mL
volumetric flasks, 1.0 mL of 3,4,5-trimethoxyaniline
solution (400 ug mL™") and 1.0 mL of sodium nitrite
solution (1.1x10* M) were added, followed by
1.1 mL of hydrochloric acid (1 M). Appropriate volumes
(0.03-1.2 mL) of phenylephrine hydrochloride solution
(100 uyg mL") were then added to obtain concentrations
in the range of 0.3—-12 ug mL™", followed by 1.1 mL
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of sodium hydroxide solution (1 M) and 0.25 mL of
Triton X-114 solution (10% v/v). After incubation for
5 min, the solutions were diluted to volume with
distilled water, resulting in a turbid mixture.

The flasks were placed in a thermostatic water
bath at 60 °C for 5 min to facilitate phase separation,
followed by centrifugation at 4000 rpm for 20 min. After
cooling, the aqueous phase was carefully decanted,
and the surfactant-rich phase was dissolved in 1.0 mL
of absolute ethanol and transferred to a 1 cm plastic
cuvette. The absorbance was measured at 454 nm
against ethanol as a blank.

A linear calibration graph was obtained over the
concentration range 0.3—12 uyg mL™" with a correlation
coefficient (R?) of 0.9976. The molar absorptivity and
Sandell’s sensitivity were calculated as 3.73 x 10% L
mol* cm™ and 0.00545 ug cm, respectively.

The calibration curves obtained for phenylephrine
hydrochloride using methods (A) and (B) showed
good linearity over the studied concentration ranges,
as shown in Figure S1, Supplementary Materials.

Results and discussion

Principle of methods (A) and (B)

Method (A) is based on the formation of a diazonium
salt through the reaction of 3,4,5-trimethoxyaniline
(TMA) with an equimolar amount of sodium nitrite in
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an acidic medium. The resulting diazonium compound
subsequently undergoes an azo-coupling reaction with
phenylephrine hydrochloride (PHE-HCI) in an alkaline
medium, vyielding a stable yellowish-orange azo
dye. The formed chromophore exhibits a maximum
absorbance at 454 nm, as shown in the absorption
spectrum presented in Figure 2a.

In Method (B), the azo dye produced in Method
(A) is subjected to cloud point extraction using
Triton X-114 as a non-ionic surfactant. Upon heating
and subsequent cooling to the cloud point, a turbid
dispersion forms, followed by phase separation into
an aqueous phase and a surfactant-rich phase. The
surfactant-enriched phase containing the analyte is
then isolated and analyzed spectrophotometrically.
The absorption spectrum of the extracted product also
shows a maximum at 454 nm (Figure 2b), indicating
that the cloud-point extraction process does not alter
the azo dye’s chromophore.

A comparison of the absorption spectra obtained
in the absence and presence of Triton X-114 (Figure
2c) reveals a noticeable enhancement in absorbance
intensity, accompanied by slight spectral changes.
This behavior confirms the preconcentration effect of
the cloud point extraction step and explains the higher
sensitivity achieved with Method (B) compared to
Method (A).
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Figure 2. Absorption spectra of the yellowish-orange azo dye formed from phenylephrine hydrochloride: (a)
obtained using Method (A); (b) obtained using Method (B); (c) comparison of spectra in the absence and presence

of Triton X-114.
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Optimum conditions of method (A)

Effect of acid type and volume

The effect of acid type on the intensity of the
formed azo dye was examined using 1.0 mL of each
of the following 1 M acids: hydrochloric, nitric, sulfuric,
phosphoric, and acetic. Among the tested acids,
hydrochloricacid produced the highestabsorbance and
was therefore selected for subsequent experiments.
To optimize the acid volume, HCI volumes ranging
from 0.25 to 2.0 mL were investigated. The maximum
absorbance was obtained using 1.1 mL of HCI at pH
11.67, which was selected as the optimum volume.

Effect of reaction time

The influence of reaction time on azo dye formation
was evaluated at room temperature (2212 °C).
Absorbance measurements were recorded at different
time intervals after the addition of sodium hydroxide.
The yellowish-orange azo dye formed immediately
and remained stable for at least 55 min, indicating that
the reaction product remained stable throughout the
measurement period.

Effect of 3,4,5-trimethoxyaniline (TMA) amount

The effect of the volume of 3,4,5-trimethoxyaniline
reagent (400 ug mL™") on the absorbance of the
azo dye was investigated over the range of 0.25-
1.5 mL. As summarized in Table S1 (Supplementary
Materials), increasing the TMA volume resulted in
an increase in absorbance up to 1.25 mL, beyond
which no significant improvement was observed. The
highest absorbance and best linearity (R? = 0.9998)
were achieved at 1.25 mL of TMA, which was selected
as the optimum reagent volume for subsequent
experiments.

Effect of type and amount of base

The influence of different bases on the absorbance
of the azo dye was examined using 1.0 mL of 1 M
solutions of potassium hydroxide, sodium hydroxide,
sodium carbonate, sodium bicarbonate, and
ammonium hydroxide. Among these, sodium hydroxide
produced the highest absorbance and was therefore
selected as the most suitable base. To optimize the
NaOH volume, 1 M NaOH volumes ranging from 0.25
to 2.0 mL were tested. The maximum absorbance was
achieved using 1.0 mL of NaOH at pH 11.86, which
was adopted for subsequent experiments.

Effect of surfactant

The effect of various surfactants on the
absorbance of the azo dye was investigated using
cationic surfactants (cetylpyridinium chloride, CPC;
cetyltrimethylammonium bromide, CTAB), an anionic
surfactant (sodium dodecyl sulfate, SDS), and a non-
ionic surfactant (Triton X-100). The results showed that
SDS and CTAB decreased the absorbance, whereas
CPC and Triton X-100 enhanced the color intensity
of the azo dye. Among the tested surfactants, CPC
produced the highest absorbance and was therefore
selected for further experiments.

Different volumes of CPC solution (1x103 M)
ranging from 0.5 to 2.5 mL were added to the reaction

mixture. A volume of 2.0 mL of CPC resulted in the
maximum absorbance and was selected as the
optimum volume.

Effect of order of reagent addition

The effect of reagent addition order on color
development was examined. The sequence of
addition—3,4,5-trimethoxyaniline, sodium nitrite,
hydrochloric acid, phenylephrine hydrochloride,
sodium hydroxide, and CPC—was found to be optimal.
Any deviation from this order resulted in a noticeable
decrease in absorbance and color intensity.

Stoichiometry and mechanism

Stoichiometric ratio and stability constant

The stoichiometric ratio of the reaction product
was investigated using the mole-ratio method and
the method of continuous variations (Job’s method)
[35]. The obtained results, presented in Figure S2,
Supplementary Materials, indicate that phenylephrine
hydrochloride (PHE-HCI) reacts with diazotized
3,4,5-trimethoxyaniline (TMA) to form an azo dye with
a 1:1 stoichiometric ratio.

The proposed reaction mechanism for azo dye
formation is illustrated in Scheme 1. The mechanism
involves diazotization of 3,4,5-trimethoxyaniline,
followed by an electrophilic azo-coupling reaction with
phenylephrine hydrochloride in an alkaline medium,
yielding a stable-colored azo compound.

The stability constant of the resulting azo dye in
aqueous solution was calculated to be 3.01x10*
L mol™, indicating good stability of the reaction product
under the experimental conditions [36].

Thestatisticalparametersandopticalcharacteristics
of the proposed spectrophotometric method are
summarized in Table 2, demonstrating good linearity,
high sensitivity, and satisfactory precision under the
optimized experimental conditions.

Optimum conditions of Method (B)

Cloud point extraction (CPE) offers several
advantages over conventional extraction techniques,
including reduced consumption of organic solvents,
lower toxicity, and greater environmental friendliness
due to the use of non-volatile, non-flammable
surfactants [37].

Effect of diazotized 3,4,5-trimethoxyaniline amount
in the presence of Triton X-114

The effect of the volume of diazotized
3,4,5-trimethoxyaniline (400 ug mL™") on extraction
efficiency was investigated by varying its volume
from 0.25 to 1.25 mL, while keeping the volumes of
sodium nitrite solution (1.1 x 10-* M), hydrochloric acid
(1.1 mL, 1 M), phenylephrine hydrochloride solution
(0.2 mL, 100 pyg mL™), sodium hydroxide solution
(1.0 mL, 1 M), and Triton X-114 (0.5 mL, 10% v/v)
constant. The results showed that 1.0 mL of diazotized
3,4,5-trimethoxyaniline  provided the  highest
absorbance and optimal linearity at 454 nm and was
therefore selected for subsequent experiments.

303 © Methods and objects of chemical analysis, 2025, Vol. 20, No. 4, 300-310



Malik Kh. Khader, Lamya A. Sarsam
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Yellowish-orange azo dye at 454 nm

Scheme 1. Proposed mechanism for the formation of the azo dye between phenylephrine hydrochloride

(PHE-HCI) and diazotized 3,4,5-trimethoxyaniline (TMA).

Table 1. Statistical parameters and optical characte-
ristics of the proposed spectrophotometric method.

Parameter Value / Condition

Linearity range (ug mL™") 1-22
Molar absorptivity 4
(L mol' cm) 1.80 x 10
Sandell’s se_rlsmwty 0.0113
(Mg cm™)
Limit of detection,
LOD (ug mL™"* 0.08
Limit of quantlflt?;a’ﬂon, LOQ 0.29
(ug mL)
Average recovery (%)** 101.21
Relative standard 078
deviation, RSD (%)** '
Correlation coefficient (R?) 0.9993

* Average of ten blank determinations (n = 10); LOD = 3.30/S,
LOQ=100/S, where Sisthe slope of the calibration curve, and
oisthe standarddeviation ofthe blank (o=[¥ (Xi— X)%(n-1)]).
** Average of five determinations (n = 5).

Effect of Triton X-114 amount

The influence of surfactant volume on cloud point
extraction efficiency was examined using different
volumes (0.10-0.75 mL) of Triton X-114 (10% v/v).
After the addition of 1.0 mL each of the diazotized
reagent and sodium nitrite, followed by the addition of
the optimized volume of phenylephrine hydrochloride
solution (1.0 mL, 100 ug mL"), the mixtures were
diluted to 10 mL with distilled water and incubated in a
thermostatic water bath at 50 °C for 10 min.

The resulting turbid solutions were transferred

to centrifuge tubes and centrifuged at 4000 rpm
for 20 min, then cooled in an ice bath to facilitate
phase separation. The aqueous phase was carefully
decanted, and the surfactant-rich phase was dissolved
in 1.0 mL of absolute ethanol. The absorbance of the
extracted complex was measured at 454 nm against a
reagent blank. The highest absorbance was obtained
using 0.25 mL of Triton X-114, which was selected as
the optimum surfactant volume.

Effect of sodium hydroxide volume

The effect of sodium hydroxide volume on the
formation and extraction ofthe azodye wasinvestigated
by varying the volume of 1 M NaOH between 0.5 and
1.5 mL, while keeping other experimental parameters
constant. The maximum absorbance was observed at
pH 10.21 using 1.1 mL of NaOH, which was therefore
selected as the optimum volume.

Effect of temperature and extraction time

The influence of equilibration temperature on the
cloud point extraction process was studied over the
temperature range of 22—70 °C using a fixed incubation
time of 5 min. The absorbance of the extracted azo
dye increased with temperature, reaching a maximum
at 60 °C, after which it decreased. Consequently,
60 °C was selected as the optimum equilibration
temperature for all subsequent experiments.

The effect of incubation time on extraction efficiency
was evaluated over the range of 5-25 min at 60 °C.
An incubation time of 5 min was sufficient to achieve
quantitative extraction. In addition, centrifugation
times of 5-25 min were examined, and complete phase
separation was achieved after 10 min. Therefore,
a centrifugation time of 10 min was adopted as the
optimum condition.
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Precision and accuracy of methods (A) and (B)

The precision and accuracy of the proposed
spectrophotometric methods were evaluated by
analyzing phenylephrine hydrochloride (PHE-HCI) at
two concentration levels (5 and 8 ug mL™) using both
methods (A) and (B). Each concentration was analyzed
in five replicate determinations. The obtained results
demonstrated satisfactory precision and accuracy for
both methods.

The average relative standard deviation (RSD%)
was _calculated using the expression RSD (%) =
(S 7 X) x 100, where S is the standard deviation, and
Xis the arithmetic mean. The RSD values were 2.21%
and 0.775% for methods (A) and (B), respectively.

The average recovery (%) was calculated as
(O /T) %100, where O represents the observed value,
and T is the true value. The recovery values obtained
were 102.21% for method (A) and 101.21% for method
(B), indicating good accuracy.

The average relative error (%) was calculated as
[(©O~-T)/T] x 100 and was 2.21% and 1.21% for
methods (A) and (B), respectively.

Application

The proposed spectrophotometric methods (A)
and (B) were applied to the determination of phenyl-
ephrine hydrochloride (PHE-HCI) in pharmaceutical

preparations, including nasal drops and tablet
formulations. Standard solutions with a nominal
concentration of 100 pg mL™* were prepared from
the pharmaceutical samples and analyzed at two
concentration levels: 5 and 8 ug mL" for method (A),
and 2 and 5 yg mL" for method (B), following the
procedures described for the standard solutions.

The analytical results obtained for pharmaceutical
formulations are summarized in Table 2. For method
(A\), the average recoveries were 102.48% for Samadol
tablets (Samarra, Iraq), 100.71% for Panacol caplets
(Mass. P.., UAE.), and 101.94% for Nazafrine
nasal drops (Safa Co., Iraq). For method (B), the
corresponding recovery values were 101.47% and
101.24% for the tablet formulations from Samarra and
Mass, respectively. P.I., respectively, and 101.04% for
nasal drops.

The obtained recovery values confirm the good
accuracy and efficiency of both methods for the
determination of phenylephrine hydrochloride in
pharmaceutical matrices. Furthermore, the calculated
t-test values [38] were lower than the tabulated t
value at a 95% confidence level with three degrees
of freedom (N = 3), indicating no significant difference
between the proposed methods and the nominal
values and confirming the reliability of the methods.

Table 2. Application of the proposed spectrophotometric methods (A) and (B) for the determination of phenylephrine
hydrochloride (PHE-HCI) in pharmaceutical preparations.

Method (A) Method (B)
Amount * Amount *
Recove " . Recove " .
Hg/10 mL ” V" RE* RSD*  pgMOmL " "Y' RE* RSD
Drug O 5 ) (%) B ) (%)
Taken Found t-, (N=3) Taken Found t-. (N=3)
Sample A 5 5110 1022 22 445 2 2050 19290 550 481
Samadol t =131 t-,,,=0.14
tablet 5 mg 102.75 100.44
Samarradraq 8 8220 t,,20.30 275 301 5 5022 t,,=0.28 044  3.25
sampleB 5 5100 %20 200 222 2 2012 1990 060 075
: t- =0.16 t- =111
Nazafrine P o
Drop 1%
Safa CO. 8 8150 0187 487 206 5 5004 10008 508 147
Diala-Iraq t-,=0.73 t-,,,=1.31
5088 10176 426 207 2 2052 19280 560 389
Sample C t-e,,=1-59 t-,,,=0.95
Panacol
Caplets 5mg 99.65 99.88
Mass.P. | 8 7.972 ~ -0.35 0.81 5 4.994 o -0.12 240
U. A E I:-exp_O'OS t-exp_ 079

*Average of five determinations (n=5); t-exp?: t-experimental,
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Standard addition

The standard addition method was applied to
pharmaceutical preparations to evaluate the accuracy
of the proposed spectrophotometric methods (A)
and (B) and to assess potential matrix interferences.
Tablet and nasal drop samples were analyzed after
the addition of known amounts of phenylephrine
hydrochloride (PHE-HCI), following the same
procedures described for the standard solutions.

The results obtained using the standard addition
technique are summarized in Table 3. The satisfactory
recovery values and low relative errors confirm that
the proposed methods are free from significant
matrix effects and are reliable for the determination
of phenylephrine hydrochloride in pharmaceutical
formulations.

Analytical performance and comparison with
literature methods

Comparison with literature methods

The analytical performance of the proposed
spectrophotometric methods (A) and (B) was
evaluated and compared with previously reported
methods for the determination of phenylephrine
hydrochloride (PHE-HCI). A comparative summary of
the main analytical parameters is presented in Table
4. As shown in Table 4, the proposed methods exhibit
comparable or superior analytical performance in
terms of linearity range, molar absorptivity, sensitivity,
and precision when compared with related literature
methods. In particular, Method (B) demonstrates
enhanced sensitivity due to the incorporation of a
cloud-point extraction step. An additional advantage
of the proposed approaches is the absence of organic
solvents, which reduce environmental and safety
concerns associated with conventional extraction and
separation techniques. Moreover, both methods were

successfully applied to pharmaceutical preparations,
confirming their practicality and reliability for routine
quality control analysis.

Greenness assessment

One of the major challenges in modern
analytical chemistry is developing methods that
are environmentally benign, cost-effective, easy to
operate, and analytically reliable. Green analytical
chemistry aims to minimize the environmental impact
of analytical procedures by reducing the consumption
of hazardous reagents and energy, and by reducing
waste generation [40]. Accordingly, the greenness
of the two proposed spectrophotometric methods
was comprehensively evaluated using established
assessment tools [41,42].

GAPI (Green Analytical Procedure Index)

The Green Analytical Procedure Index (GAPI) is
a holistic tool designed to assess the environmental
impact of an analytical procedure across 15 distinct
parameters, including sample preparation, reagents,
instrumentation, and waste generation [42,43]. The
results are visualized using five pentagram-shaped
pictograms, each divided into colored segments
corresponding to different stages of the analytical
process. In this assessment, green, yellow, and red
colors indicate low, medium, and high environmental
impact, respectively.

As illustrated in Figure 3, the proposed spectro-
photometric methods exhibit a favorable greenness
profile when compared with the reported HPLC
method [44]. The predominance of green and yellow
segments reflects the use of aqueous media, the
absence of toxic organic solvents, and the relatively
low energy consumption associated with the proposed
approaches.

Table 3. Results of the standard addition method applied to pharmaceutical preparations for the determination of
phenylephrine hydrochloride (PHE-HCI) using methods (A) and (B).

Method (A) Method (B)
Amount R RE Amount R
/10 mL ecovery /10 mL ecovery o
Drug Mg (%) (%) Mg (%) RE (%)
Taken Found Taken Found
Sample A 4 3.90 97.50 -2.50 4 4.15 103.75 3.75
Samadol tablet
5mg 7 7.16 102.28  2.28 6 6.08 10133  1.33
Samarra-lraq
Sample B 4 4.06 101.50 1.50 4 4.07 101.75 1.75
Nazafrine Drop
1% Safa CO. 7 7.06 100.86  0.86 6 6.04 100.66  0.66
Diala-lraq
Sample C 4 4.10 102.50 2.50 4 4.15 103.75 3.75
Panacol Caplets
Smg Mass.P. | 7 6.96 99.43 -0.57 6 6.12 102.00 2.00
U.A.E
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Table 4. Comparison of analytical performance parameters of the proposed spectrophotometric methods (A) and
(B) with selected literature methods for the determination of phenylephrine hydrochloride (PHE-HCI).

Analvtical barameters Present method Literature Present method Literature method
yticalp (A) method [27] (B) [39]
. . . . . Cloud point Cloud point
Type of reaction Diazo-coupling Diazo-coupling extraction extraction
Reagent used 3,4,5-trimethoxy- 2,4-dinitroaniline 3,4,5-timethoxy- p-nitroaniline
aniline aniline
Beer's law 1-22 1-20 0.3-12 0.1-15
Mg mL
Maximum wavelength 454 455 454 591
(nm)
Molar absorptivity 1.80x10* 1.915x10°* 3.73x10* 2.75%10°
L mol' cm™
RSD% 0.775 0.024 2.315 0.67
Sandall's sensitivity 0.0113 0.1063 0.00545 0.00746
(Mg cm™)
Coefficient value (R?) 0.9993 0.9985 0.9976 0.9973
Recovery % 102.21 99.97 101.21 99.7
Application Tablets and drop Drop and syrup ~ Tablets and drop Drop

Y
.@

b)

Figure 3. Analytical comparison of GAPI pictograms
for (a) the proposed spectrophotometric methods and
(b) a reported HPLC method [44].

Analytical Eco-scale assessment

The Analytical Eco-scale is a quantitative
greenness assessment tool that evaluates the
environmental suitability of an analytical method by
assigning penalty points based on reagent hazards,
energy consumption, instrumentation, and waste
generation [45]. The Eco-scale score is calculated by
subtracting the total penalty points from an ideal score
of 100. An Eco-scale score of 285 indicates excellent
green analysis; scores between 50 and 85 represent
acceptable green analysis; and scores below 50
indicate insufficient greenness.

The Eco-scale penalty points for the proposed
methods were calculated and compared with those
of a literature HPLC method [44], as summarized in
Table S2, Supplementary Materials. The proposed
spectrophotometric approaches achieved a high Eco-
scale score of 91, indicating excellent greenness,
whereas the HPLC method scored 83 due to the use
of organic solvents and higher energy consumption.
These results confirm that the proposed methods
provide a more environmentally sustainable alternative
for the determination of phenylephrine hydrochloride.

Conclusion

Two simple, sensitive, and environmentally friendly
spectrophotometric methods, namely a batch azo-
coupling procedure and a cloud point extraction
(CPE)-assisted method, were successfully developed
and validated for the determination of phenylephrine
hydrochloride in its pure form and in pharmaceutical
preparations. Both methods demonstrated excellent
analytical performance, characterized by high
precision (RSD < 2.4%) and satisfactory accuracy,
with recovery values ranging from 101.2% to 102.2%.

The proposed procedures eliminate the need for
expensive instrumentation and hazardous organic
solvents, thereby offering practical and sustainable
alternatives to conventional analytical techniques.
Their favorable environmental profiles were confirmed
through comprehensive greenness assessment tools.
Owing to their simplicity, reliability, cost-effectiveness,
and eco-friendly nature, the proposed methods are
highly suitable for routine quality control analysis
of phenylephrine hydrochloride in pharmaceutical
laboratories.
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