
ABSTRACT
This study has implications for physical pharmacy, medical, and biochemistry due to its use of surface chemistry. This 
paper describes how drug-adherent hydrogels and their pH levels influence drug adsorption on Poly (vinyl pyrrolidone-acryl 
amide) Hydrogel Surface. The adsorption phenomenon was examined as a function of temperature (5, 15, 25, and 37.5oC). 
The temperature of the solution increased, adsorption of cephalexin. H2O on the surface has increased as the temperature 
increased, the adsorption uptake of cephalexin.H2O increased on hydrogel (endothermic adsorption). Basic thermodynamic 
functions for the adsorption process were calculated and used for the interpretation of the results. Using the Freundlich and 
Temkin models, the results show that the drug had full applicability for adsorption on hydrogel. The adsorption isotherms 
have an S-shaped configuration, which was determined by Giles’ classification. Freundlich isotherm n-value was found to be 
2.057, meaning good adsorption.
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INTRODUCTION
Adsorption is a surface phenomenon most often observed at 
interfaces, in comparison to a bulk phase, where a particular 
component has been concentrated. Ions, atoms, or molecules 
may accumulate on a surface due to adsorption.1 The 
widespread utility of adsorptive properties is the primary 
driving factor in the importance of active surface materials in 
medicine and pharmacy. This material’s use in many diverse 
processes such as separation and purification of diverse 
biochemical and pharmaceutical products,2 protein,2 antibiotics 
pharmacology,3-5 vitamin and mineral,6-8 chromatography, 
and extraction of drugs from urine or serum, to be detected 
by different methods, is evident.9-11 To treat poisoning, 
adsorbents found in medical journals like adsorbents had 
several publications discussing their medical uses. The most 
stable, physically sturdy surface was used as an antidote for 
poison and drug overdose treatment, using charcoal.12-14  
Past research has investigated a wide range of other active 
surface materials, such as hydrogels,1,15 composites,16 
clay,17 and biomass.18,19 This study aims to learn more about 
adsorption and a special kind of adsorption is used to make 
physical antidotes and sustained-release tablets.
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EXPERIMENTAL
Materials and Methods
The drug (cephalexin.H2O) employed in this study was 
obtained from ACAI Company. These acids, potassium 
persulfate (KPS) and N, N’-methylene-bis acrylamide (MBA), 
were purchased from Kemiou Chemical Reagent Co., Ltd., 
China. No further purification was required because all 
reagents were analytical grade pure. 
Synthesis of P(VP–AM) Hydrogel Surface
P(VP–AM) Copolymerization of free radicals is used to prepare 
hydrogels. MBA (1% w/v), and 2 mL of potassium per sodium 
sulphate solution (K2S2O5) were added (4% w/v). To accomplish 
matrix formation, the free radical polymerization was carried 
out in a 50 mL beaker, which was kept at 60oC temperature.
Determination of Maximum Absorption (lmax) and 
Calibration Curves
Absorption spectra of each drug have been recorded as 
maximum absorption wavelengths are 258  nm for the 
antibiotic Cephalexin.H2O. Drug solutions were prepared by 
diluting solutions of different concentrations. To show this, 
a concentration graph was made for the selected optimal 
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wavelength, and absorbance values were measured for each 
drug and plotted against the concentration values. Calibration 
curves for Beer-law Lambert’s were used that fall within the 
concentration range in which the law is relevant.

Equilibrium Times of Adsorption Systems
This method was used to find out how long it takes for adsorption 
to reach equilibrium at a certain temperature. In the beginning, 
there was a fixed concentration of each drug solution (100 ppm). 
Then, 0.05 g of hydrogels was added, and the mixture was 
shaken at 37.5oC. The concentrations of drug solutions were 
determined using a spectrophotometer, with measurements 
taken at different times (1–180 minutes), and that for this system, 
reaching equilibrium takes the same amount of time.

Adsorption Isotherm
From 10 to 100 ppm solutions of drug were added to stoppered 
flasks containing 0.05 g of hydrogels, which contained 10 mL 
of solution. Turbidity was caused by the flasks being shaken in 
a thermostatically controlled water bath at a speed of 60 cycles 
per minute. This approach achieves turbidity equilibrium. 
The suspensions were centrifuged at 4000 rpm for 10 minutes 
or filtered using double filter papers after the equilibrium 
time had elapsed. Assayed for drugs, which had been diluted 
appropriately, spectrophotometrically, the transparent 
supernatants were found to be clear. Experimental data were 
used to construct a calibration curve and then compared to 
find the equilibrium concentrations, after that the quantity of 
drug adsorbed was calculated.
Effect of Temperature
The basic thermodynamic functions were estimated using 
the adsorption experiment, which was conducted in the same 
manner at five different temperatures: 5, 15, 25, and 37.5oC.

RESULTS AND DISCUSSION
Fourier Transform Infrared Spectroscopy (FTIR) 
Analysis
Figure 1 showed that the OH-band overlapped with the 
NH-band at 3240. At 2850 to 2940 cm-1, and the -CH2, 
-CH3 groups of the aliphatic compounds vibrate because 
of the presence of CH-bonds.20,21 The presence of bands 
between the wavenumbers 1680 to 1750 cm-1. It is found 
when carbonyl bonds (C=O) are present, further confirms the 

presence of carboxyl groups and shows that bands between 
the wavenumbers of 1025–1440 cm-1, which is seen due to 
vibration of bonds C-N, C-O, and C-C are present as well.22,23

It is a common practice to use the FESEM technique to find 
the surface morphology of hydrogel containing P(VP–AM) 
before and after adsorption. the FESEM image of hydrogel sheets 
presents a closely stacked layered structure as well as illustrating 
a layered structure with clearly defined layers.24 In hydrogels, 
aggregates that form multiple layers are very common. After 
adsorption, the surface is roughened and the hydrogels have 
bright dots uniformly distributed on their surface (Figure 2).

The shapes of cephalexin.H2O adsorption isotherms were 
found to coincide with the S-type (Figure 3) isotherm reported 
by Giles et al.25

Adsorption Cephalexin.H2O, has been studied at the 
human body temperature (37.5˚C) and three other temperatures  
(5, 15, and 25˚C) in 0.1 M hydrochloric acid (pH 1.2) (Figure 4)  
to simulate the pH of the stomach fluid.26,27 At the higher 
cephalexin concentrations, the adsorptive capacities of 
the three clays increased. Water raised to a limited level. 
Decent surface activity was found in the adsorption of some 
materials and drugs from solution.28 At the higher cephalexin 
concentrations, the adsorptive capacities of the hydrogels 
increased. drugs raised to a limited level. Decent surface 
activity was found in the adsorption of some interaction 
between hydrogels and drugs in solution.29

In hydrogel of lower positive position replaces, resulting 
in a deficit of positive charge, or in other words, an excess 
of negative charge. This excess of negative layer charge 
is externally compensated by the adsorption on the layer 
surfaces of cations, which are too large to be accommodated 
in the interior of the crystal.30 In an aqueous solution, the 
compensating cations on the layer surfaces may easily be 
exchanged by other cations when available in solution.31 
The experimental adsorption data were applied to both 
the empirical Freundlich, Langmuir, and Temkin isotherm 
equation. These results indicated the applicability of Freundlich 
and Temkin isotherm as shown by the linear relationships 
(Table 1 and Figure 5).

The adsorption of cephalexin.H2O on the hydrogels 
was estimated by determining the average adsorption (Xm) 
for different temperatures. The table and charts show these 
calculations (Table 2 and Figure 6).

Figure 1: FTIR spectra of a- P(VP–AM) Hydrogel Surface  
b- P(VP–AM) Hydrogel Surface after drug adsorption Figure 2: FE-SEM image of P(VP–AM) before and after adsorption

 P(VP–AM) P(VP–AM) – Cephalexin.H2O 
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Figure 3: Adsorption isotherms of cephalexin.H2O  
on hydrogels at pH » 1.2 and 37.5oC

Figure 4: Adsorption isotherms of cephalexin.H2O red  
on hydrogels at pH » 1.2 and different temperatures

Table 1: Langmuir, Freundlich and Tempkin isotherm constants for Cephalexin.H2O drug uptake by hydrogels

Drug
Langmuir eq. Freundlich eq. Temkin eq.
KL qm R2 KF n R2 KT B R2

Ceph.
H2O

0.094 8.857 0.886 1.166 2.057 0.963 1.004 1.82 0.919

Adsorption of cephalexin.H2O can be calculated by 
following the line drawn on this hydrogel.  The values of 
basic thermodynamic functions of adsorption of the drug on 
hydrogel are given in Table 3.

The effect of cephalexin.H2O on hydrogel interaction 
with the high enthalpy values was found. It is suggested that 
adsorption of the van der Waals type takes place, based on these 
data.32 The heat of adsorption in the thermodynamic system with 
cephalexin-hydrogels dissolved in water exhibited endothermic 
characteristics. In contrast, the entropy of the system was 
positive. This can be explained by the hydrophobic bonding 
being disrupted, showing an increase in randomness as a result.33

Figure 5: Linear form of a- Freundlich, b- Langmuir and c- Temkin isotherm of cephalexin.H2O on hydrogels at pH » 1.2 and 37.5oC

 

CONCLUSIONS 
•	 Hhydrogel surface appeared of the highest activity in the 

adsorption from a solution of the drug.
•	 Due to the higher activity of hydrogel surface in adsorption 

of the drug, it may be used as an antidote for the treatment 
of acute poisoning by this drug if taken in dosages greater 
than the therapeutic quantities.

•	 The adsorption isotherms of cephalexin.H2O on hydrogel 
obeyed Freundlich and Temkin isotherm.

•	 All drug-hydrogel reactions exhibited low enthalpy values 
(endothermic).
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