
ABSTRACT
Phenolic compounds are highly toxic pollutants. They are widely used in tanning, dye, chemical, cosmetic and pharmaceutical 
industries. They come from different sources, like industrial wastewater, gasworks, paper mill, chemical plants, coking factories, 
pharmaceutical industry, and solid castoff of coal tar. This study used a phenolic Phenylephrine hydrochloride PHCL drug, 
characterized by a very high toxicity in water. Therefore, a new surface with very high efficiency was prepared to remove 
this drug from water. The hydrogel surface properties such as fourier transform infrared spectroscopy (FTIR), field emission 
scanning electron microscope (FESEM) were studied. Two types of Frendelich and Langmuir isotherms were also studied. 
Through the results, it was found that obeys the Freundlich model. Three models of Kinetic first-order, second-order, and 
Elcovich models were found through the data to obey a false first-order model.
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INTRODUCTION
Pollution is the most widespread major problem that has 
caused a defect in the ecosystem and a dangerous problem that 
threatens human life. Therefore, it is difficult to obtain clean 
water in the existence of large amounts of wastewater. It is 
found that in all industrial countries the ratio of water pollution 
that affects the human system is increased.1-5 

Pharmaceutical products are used for human health 
promotion, animal care, and agriculture applications. 
Antibiotics are commonly used drugs for preventing or 
treating microbial infections.6-8 They are released into the 
water through wastewater treatment and pharmaceuticals 
plants. Pharmaceuticals are represented as bio-accumulative 
contaminant compounds in the environment of aquatic or 
terrestrial ecosystems.9 Oxidation processes are costly and 
difficult for the complete elimination of antibiotics. Adsorption 
is a physical technique is the most suitable and efficient 
treatment option for removing organic compounds for its 
high efficiency, simplicity, and economical in nature.10-13 
Phenylephrine hydrochloride (PHE) (Nec-synephrine) is (R)-1-
(3-hydroxyphenyl)-2-methyl-aminoethanol hydrochloride 
as shown in Figure 1. It is closely related to epinephrine14-16 
is a crystalline white or pale-yellow salt fairly soluble in 
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water. It acts as a vasoconstrictor with negligible effect on 
the myocardium or the central nervous system. It is used as 
nose drops or subcutaneous injections to prevent hypotension 
during spinal anesthesia and treat hypertension, rhinitis, and 
sinusitis. Some selected physicochemical properties of PHE as 
shown in Table 1.
Preparation of Calibration Curve Phenylephrine 
Hydrochloride (PHCL) 
Aliquots of a stock solution having several concentration 
(10–100 mg/L) of (PHCL) drug was prepared via simple 
dilution by DW of the standard solution (1000 mg/L). 
The aqueous solutions were prepared freshly. The absorbance 
was an estimation spectrophotometric ally utilizing UV-visible 
at λmax 277 nm. Estimation the accuracy and precision 
of the way, solutions having five several conc (Figure 2). 
The measured limit of detection LOD, Quantitation’s, LOQ, 
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Figure 1: Chemical Structure Phenylephrine hydrochloride.17
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Table 1: Physicochemical properties of phenylephrine 
hydrochloride17-19

Phenylephrine HClPhysicochemical properties
C9H14ClNO2Molecular Formula
203.67Molecular weight (g/mole)
100Solubility in water (mg/L)
143–145 °CMelting point
700.2 °C at 760 mm HgBoiling point
pK1 8.77; pK2 9.84Acid dissociation constant (pKa)

relative standard deviations percent (RSD%) and standard 
deviation (S.D.) (Table 2).20

The (LOD) for the projected way was estimation utilizing 
equation (1). The S/N equal 3.21,22 

                          (1)
The (L.O.Q) was estimation utilizing equation (2):21,23 

                          (2)

RESULT AND DISSECTION 
FESEM
The study of the morphological properties of the surface of 
a hydrogel was studied by (FESEM) for a surface before and 
after the adsorption process, where it was noticed from the 
figure that the surface of the hydrogel formed white clumps 
and clumps similar to a cloud (Figure 3). However, after the 
adsorption process the surface became less rough as a result 
of the filling of most of the active sites of the surface and the 
surface became blackish evidence of the occurrence of the 
process adsorption.24,25

Figure 2: Calibration curve of PHCL.

Table 2: Statistical of calibration curve (Figure 2) at several conc. of PHCL

Parameters Proposed method PHE
λmax (nm) 277
Beer’s law limit (μg/mL) 1–100
Molar absorptivity (L/mol.cm) 2227.38
Sandal’s sensitivity (μg/cm) 1.035 * 10-7

Regression equation (Y = m X + C)
Y = 0.0106X + 0.01105

Slope (m) 0.0106
Intercept (C) 0.01105
Correlation coefficient (r2) 0.99447
% Relative Standard deviation (RSD%) 0.344
Standard deviation (SD) 0.211
Color Color less
Detection limit LOD (μg/mL) 1.79 *10-3

Limit of Quantitation LOQ (μg/mL) 1.9 * 10-3

Figure 3: FESEM of hydrogel before and after adsorption

FTIR
The hydrogel was characterized through spectroscopy FTIR 
from 4000–400 cm-1 with a resolution of 1 cm-1. The IR spectra 
of hydrogel before and after PHCL adsorption are look in 
Figure 4, it is observed from the figure after the adsorption 
process that no new pick appears, only there is a slight 
change in the intensity of adsorption, and this is evidence of 
the occurrence of the adsorption method and the adsorption 
process is of physic sorption.26,27
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Effect of Concentration of Drug 
Through Figure 5, several concentrations from (10–100 mg/L) 
of a PHCL drug were studied within the optimum condition: 
weight 0.05 gm, temperature 25oC, and pH 7.7. Where it was 
observed that with increasing PHCL drug concentration, 
the adsorption efficiency increased from (20–177 mg/g) in 
contrast to the removal percentage E%, it was observed with 
increasing PHCL drug concentration that it decreases from 
(87%–98%) and that depends on the number of active sites 
present on the surface when the concentration increase active 
sites decrease.28,29

Surface Revitalization Experiments
The surface was reactivated using three solutions (distilled 
water, acid and base), where it was found that the best results 
were when using distilled water, as it is preferable to reactivate 
the surface and reuse it again, but the more surface activation 
processes, the lower the surface efficiency,30 as shown in  
Table 3. 
Adsorption Isotherms 
Two model equations exist to study the adsorption equilibrium 
factor, and the supreme public being is the Freundlich, 
Langmuir model. Langmuir model (Figure 6) built on the 
theory that there is a fixed amount of active sites that are orderly 
dispersed through the surface of hydrogel, active sites have the 
identical ability for adsorption of a monolayer no interaction 
among molecules adsorbed. The Freundlich model (Figure 6) 
is viable for hetero-generous adsorption of the surface. This 
isotherm assumes the relationship is positive among adsorbate 
conc. adsorbent quantities on the surface. Estimating R2 via 
obeying the data equilibrium result for the hydrogel method 
utilizing Langmuir and Freundlich models. Figure 6 appear the 
best (R² = 0.9444) off to the Freundlich isotherm.31,32

Adsorption Kinetics 
The adsorption kinetics model gives information about 
adsorption mechanics. In this study, three models of kinetics 
adsorption were utilized, first order, second order, and Elcovich 
model. The first order as appearing in equation (5)

qt = qe [1-exp (kf t)]                           (5)

Figure 4: FTIR spectrum of hydrogel before and After adsorption Figure 5: Effect of concentration of PHCL drug
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Figure 6: Different absorption isotherm patterns non-linear fit for 
absorbing the PHCL drug on hydrogel, primary conc. = 100 mg.L-1, 

Temp. = 25°C, the adsorbent = 0.05 g

Table 3: The Freundlech, Langmuair, the model factors for PHCL drug 
absorbed onto hydrogel at 25ºC.

PHCLParametersIsotherm models

235.16 ± 47.091qm (mg.g-1)Langmauir

0.235 ± 0.121KL(L.mg-1)

0.9026R2

72.43 ± 6.111KFFreundlech

0.347 ± 0.0331/n

0.9745R2

The model kinetics of the adsorption process might too be 
called in the second equation.33 The non-linear form of t 
equation is expressed as:

qt = K2qe2t/(1+K2qet)                           (6)

The structure non-linear of the Elovich model (Chemi-sorption 
kinetic model) [49] model equation is commonly written  
as:

qt=1/β [1βln(αβ)] + 1/β lnt                           (7)
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Three kinetics models of the adsorption method, which define 
the experimental result, elected for adsorption of PHCL drug 
on the hydrogel as appear in Figure 7. The resulting study 
was done utilizing the model first and second order. Table 4 
data show that adsorption of PHCL drug via hydrogel is an 
achievable method because the value (R2) is best of model 
second-order compared to model first-order.13,34,35

CONCLUSION
• In this study, a highly efficient and effective hydrogel surface 

was prepared to remove the pollutants present in the water.
• With an increase in the concentration of phenylephrine, 

the removal percentage decreases; on the contrary, the 
efficiency of adsorption increases

• The results obey the Friendlich model depending on the 
value of (R2=0.974)

• Three Kinetic models were studied, and it was found that 
it obeys a model First model.

• Several techniques were measured for the prepared surface 
like FESEM and FTIR.
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