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Abstract  

The rise in population growth and subsequently,the spread of various diseases have led to increased 

production of medicines, including antibiotics. Discharging wastewater and dispersing pollutants such as 

drug waste in the water cycle is a very important issue that has received considerable attention in recent 

years. In this study, the thermodynamics of Amoxicillin and Cefixime adsorption by chitosan-

polyacrylamide coated by ZIF-8 has been investigated. SEM analysis indicated that ZIF-8 is well placed 

in the structure of the adsorbent and no separation phases were seen. The results obtained from the 

temperature data in the conditions of 15 mg of adsorbent, pH 4 and adsorbent concentration of 50 ppm 

showed that the removal percentage decreases with increasing temperature, so it can be found that the 

adsorption process was exothermic. Thermodynamic parameters such as Gibbs free energy, enthalpy and 

entropy were also calculated. As the temperature rose, Gibbs free energy also increased, indicating  that at 

higher temperatures, the rate of spontaneous progress of adsorption has decreased. The negative values of 

enthalpy and entropy in both adsorbates confirms that the reaction is exothermic and spontaneous, 

respectively. 
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1. Introduction 
Nowdays, due to the increasing global population and 

consequently the prevalence of various diseases, the 

widespread consumption of medication has escalated. 

Additionally, water and environmental pollution caused 

by harmful agents such as these medications, due to 

limited available water resources, has become a public 

concern (Liu et al., 2012). Antibiotics are one of the 

extensively used types of medications, improper 

distribution or their discharge as effluents from 

manufacturing facilities can lead to water contamination 

(Ghauch et al., 2009). 
Antibiotics are classified based on their structure, 

with one important classification being antibiotics with a 

beta-lactam ring in their structure. Accordingly, 

antibiotics are divided into beta-lactam and non-beta-

lactam categories. 6.32 percent of them belong to the 

beta-lactam group (Penicillin, Amoxicillin1, Ampicillin 

and Cephalexin) (Pham et al., 2020). 

Amoxicillin is one of the most important groups of 

antibacterial drugs used for treating body infections and 

as an antiviral medication. Even in very small 

concentrations, it can contaminate water sources. The 

molecular structure of Amoxicillin is shown in Fig. 1 

(Ren et al., 2020). 

Cefexim is another important antibiotic used to treat 

infections. It is effectively used against various bacterial 

organisms and infections, including Staphylococcus, 

Haemophilus, Escherichia coli, Streptococcus, tonsillitis, 

and throat infections.  

The surface adsorption method requires an effective 

adsorbent to remove the solute from the aqueous 

solution. In this study, ZIF-8-modified chitosan-

polyacrylamide composite2 was chosen as a novel 

adsorbent through a simple and cost-effective synthesis 

approach. After the removal of Amoxicillin and 

Cefixime3 by CPZ, changes in thermodynamic 

parameters such as Gibbs free energy (ΔG), enthalpy 

(ΔH) and entropy (ΔS) were calculated and investigated 

by evaluating temperature variations. 

 

2. Materials and Method 
2.1. Materials 

The materials used for synthesizing the adsorbent 

included laboratory-grade chitosan (>98%), acrylamide 

(98%), ammonium persulfate (98%), 

tetraethylmethyldiamide, methylbisacrylamide, zinc 

nitrate, and 2-methylimidazolate (>99%) from Merck 

Germany. Amoxicillin and Cefexime, with a purity of 

98% and laboratory-grade from Sigma USA, were 

prepared as adsorbent substances. pH adjustment was 

 
1 Amoxicillin (AMX) 
2 Chitosan@Polyacrylamide@ZIF-8 (CPZ) 
3 Cefixime (CFX) 

performed using 1 mol/Lit hydrochloric acid solution 

and sodium hydroxide. All solutions were diluted using 

deionized water. 
 

2.2. Experimental 

Initially, 10 mL of solution containing Amoxicillin and 

Cefixime at a concentration of 10 ppm was prepared, and 

the desired solution was adjusted to a pH of 4. Then, an 

adsorbent was added to the solution and allowed to 

equilibrate for 20 minutes. The drugs were adsorbed and 

settled by the adsorbent, and afterward, the solution was 

subjected to centrifugation at a speed of 5000 rpm for 30 

minutes at room temperature to complete the settling 

process. Subsequently, the drug concentrations in the 

supernatant were measured using an HPLC device. 

 

3. Results 
3.1. SEM images 

The SEM images of chitosan-polyacrylamide adsorbent 

coated with ZIF-8 are shown in Fig 1. As observed, the 

CPZ structure contains cavities indicating the adsorbent's 

affinity for creating a porous adsorbent. The addition of 

ZIF-8 to the adsorbent has led to an enhancement in its 

adsorption properties. In other words, the separation of 

CP4 and ZIF-8 phases is not observed and a 

homogeneous composite has been achieved as a result of 

the adsorbent synthesis. Furthermore, it appears that the 

incorporation of ZIF-8 into CP adsorbent has resulted in 

an improvement in effective parameters of adsorption, 

such as specific surface area and porosity in the final 

composite. 
 

3.2. Effect of temperature 

Multiple experiments were conducted to determine the 

optimal adsorption values of Amoxicillin and Cefixime 

onto an adsorbent. The results indicated that an 

adsorbent amount of 150 mg, an initial soluble 

concentration of 10 ppm, pH of 4, and a temperature of 

25 oC were considered as the optimal parameters. As 

shown in Fig. 2, an increase in temperature resulted in a 

reduction in adsorption for all samples. The CPZ 

adsorbent exhibited very high adsorption capacity for 

both Amoxicillin and Cefixime at 25 oC. Since 

adsorption decreased with temperature increase in all 

tests, it can be concluded that the adsorption of 

Amoxicillin and Cefixime onto CPZ adsorbent is an 

endothermic process. 
 

3.3. Thermodynamic 

As mentioned, based on thermodynamic equations and 

temperature change data, thermodynamic calculations 

were performed, and the results are presented in Table 1.  

 
4 Chitosan@Polyacrylamide (CP) 
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Fig. 1. SEM images of CPZ composite 

 

Table 1  The results of thermodynamic parameters in the adsorption process of Amoxicilin 

and Cefixime on CPZ

Drugs ΔHo(kJ/mol) ΔSo(J/mol.K) 
ΔGo(kJ/mol)   

25 oC 35 oC 45 oC 55 oC 65 oC  

AMX -7.15 -7.85 -9.49 -9.56 -9.65 -9.72 -9.8 
 

CFX -34.46 -26.1 -26.7 -26.4 -26.1 -25.8 -25.6  

 

Fig. 2. Temperature influence on the removal rate of Amoxicillin and Cefixime by Cefixime composite 

 
As observed, the ΔG values for Amoxicillin and 

Cefixime are negative, indicating a spontaneous 

and self-driven process (Oyelude et al., 2017). 

The Gibbs free energy increases with 

temperature, indicating that self-adsorption 

decreases at higher temperatures. ΔH values for 

Amoxicillin and Cefixime were calculated as 

kJ/mol -15.7 and kJ/mol -46.34, respectively. The 

negative ΔH values for both drugs suggest an 

endothermic nature of adsorption. The magnitude 

of surface enthalpy (ΔH) can characterize the type 

of adsorption process, whether physical or 

chemical. Since the forces involved in physical 

adsorption are weak, the surface enthalpy for such 

adsorption is usually less than 42 kJ/mol (Kumar 

et al., 2010; Zhong et al., 2011). 

 

 

4. Conclusion 
In this research, a thermodynamic study of the 

adsorption of Amoxicillin and Cefixime from an 

aqueous environment was carried out using the 

CPZ composite. SEM analysis revealed that the 

CPZ coated adsorbent was successfully 

synthesized and the observed porous structures 

indicated a high specific surface area, leading to 

effective adsorption performance. 

In this study, the impact of temperature on the 

adsorption capacity was investigated to examine 

the thermodynamics. It was observed that the 

removal efficiency decreased with increasing 

temperature for both Amoxicillin and Cefixime 

adsorption processes. This decrease in adsorption 

with temperature rise signifies an endothermic 
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 adsorption process. Negative values of Gibbs 

free energy (ΔGo) indicated the feasibility and 

spontaneity of the process. Entropy (ΔS) 

suggested the randomness of the process at the 

adsorbent-solution interface, while the negative 

values of ΔH confirmed the endothermic nature 

of the reaction. The thermodynamic analysis and 

removal percentage at 25 oC demonstrated that 

the CPZ adsorbent is a promising and effective 

option for the removal of Amoxicillin and 

Cefixime. 
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Fig. 3. Image of chitosan-polyacrylamide adsorbent coated with ZIF-8: a) before drying, b) after drying
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Fig. 4  SEM images of CPZ composite

SEMCPZ 

 

Fig. 5  Temperature influence on the removal rate of Amoxicillin and Cefixime by Cefixime composite
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Fig. 6  Thermodynamic study of the adsorption of Amoxicillin and Cefixime on CPZ

CPZ

CPZ

Table 1  The thermodynamic parameters results in the adsorption process of Amoxicillin and Cefixime on CPZ 

Drugs ΔHo(kJ/mol) ΔSo(J/mol.K) 

ΔGo(kJ/mol)   

25 oC 35 oC 45 oC 55 oC 65 oC 
 

AMX -7.15 -7.85 -9.49 -9.56 -9.65 -9.72 -9.8  

CFX -34.46 -26.1 -26.7 -26.4 -26.1 -25.8 -25.6  

oHΔ

kJ/molkJ/moloHΔ

)oH(Δ
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)2011 ,Zhong et al. ,2010 ,et al.
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