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Abstract 

One of the most important challenges in protecting aquatic environments and their systems 

from drug leaks, such as antibiotics in some domestic and industrial uses, is using 

economical methods that are both cost-effective and efficient. One of these antibiotics is 

Flagyl(Metridinazole), which is targeted in this study due to its chemical stability in aqueous 

solutions. Chitosan plays a role in this, as it has two functions: first, it is an adsorbent that 

works to adsorb and purify aqueous media of Flagyl.  Second, it acts as a drug carrier that 

increases the therapeutic efficacy of Flagyl by targeting specific tissues in the body, since it is 

an organic compound of polysaccharides and is considered safe and non-toxic. By conducting 

laboratory experiments to evaluate the adsorption behavior of chitosan by analyzing all data 

using adsorption models (Langmoor, Freundlich, and Timkin).It is shown that the adsorption 

surface is not homogeneous, which is consistent with the Freundlich model. The adsorption 

kinetics are also studied and are consistent with a pseudo-second-order reaction. The study 

also included the role of pH on the adsorption process conditions, and its role is crucial in 

reaching the maximum adsorption of Flagyl at (pH=1.2) due to the presence of cationic amine 

groups on the surface of chitosan, which resulted in electrostatic interactions with the anionic 

active groups in Flagyl. Increasing pH value towards alkalinity reduces adsorption. The 

difference in solubility between salts played a clear role in the results of Flagyl adsorption on 

chitosan due to the difference in ionic strength, thus highlighting the effect of electrostatic 

forces on adsorption. The results of the thermodynamic analysis show  that the adsorption 

process is spontaneous due to the negative sign of the Gibbs free energy, and also that the 
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reaction is exothermic due to the enthalpy carrying the negative charge. Conversely, 

randomness increases at the interface between the adsorbent and the adsorbate due to the 

positive value of the change in entropy. Chitosan has demonstrated high efficiency in 

removing pharmaceutical contaminants from water systems and serves as a drug carrier for 

Flagyl, based on practical experiment results. 

Keywords: Adsorption, Metridinazole (Flagyl), chitosan, drug delivery, kinetic, thermodynamic. 

 
 
1. Introduction 

The direction of research towards the design of drug carriers come as a result of 

increasing the clinical efficacy of some drugs The basic design for improving the performance 

of drug carriers relies entirely on the principle of adsorption, which governs the fundamental 

interaction between the polymer surface and the drug. To establish the scientific basis, the 

thermodynamic and kinetic properties of drug adsorption to the polymer need to be 

studied(Kümmerer, 2009). In this study, the antibiotic Flagyl, which belongs to the widely 

used nitroimidazole class, is selected as a model drug compound. The presence of hydroxyl 

and amine group on the surface of Chitosan makes it suitable for studying the thermodynamic 

and kinetic reactions of the adsorption of Flagyl from its aqueous solutions, where it acts as 

adrug carrier that increases therapeutic efficacy and reduces gastrointestinal side effects by 

controlling drug release (Samadder, Abraham, & Khuda-Bukhsh, 2016).Chitosan possesses 

unique chemical and physical properties that make it an outstanding drug carrier. It features 

high adsorption capabilities and excellent biocompatibility. As a polysaccharide, chitosan can 

effectively adsorb Flagyl from aqueous solutions, resulting in largely drug-free, purified water. 

Chitosan, is derived from chitin through deacetylation, is of great interest in the 

pharmaceutical field thanks to its unique biological properties, which include safe 

degradation, low toxicity, and excellent biocompatibility. One of its key advantages lies in its 

chemical conformability, thanks to its functional groups (amine and hydroxyl groups), which 

allows it to be engineered to carry and release a variety of drugs. These combined properties 

led to its selection in this study to explore its potential as a metronidazole carrier. 

(Mohammed, Syeda, Isan, & Isan, 2017; Younes & Rinaudo, 2015). Flagyl binds to the active 

groups on the Chitosan surface via hydrogen bonds through electrostatic attraction .(Crini & 

Badot, 2008). The research focused on studying the thermodynamic and kinetic properties of 

the adsorption mechanism,as well as determining the order of the reaction wether it is a first 

or second order pseudo –reaction. By obtaining this data,the interation between molecules 

can be interpreted and drug release can be controlled (Ho & McKay, 1999). The 

thermodynamic study aims to describe the adsorption process in terms of energy exchange 

and randomness, by calculating the basic quantities the change in Gibbs free energy (ΔG°) 

that determines spontaneity, the change in enthalpy (ΔH°) that reveals whether it is 

endothermic or exothermic, and the change in entropy (ΔS°) that reflects molecular 

rearrangement. Through its analysis, the spontaneity of adsorption can be judged, it can be 

classified thermally, and the dominant mechanism (physical versus chemical adsorption) can 
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be inferred. This knowledge also represents the primary reference for predicting the stability 

of the drug-polymer interaction in a body-like environment, enabling the design of delivery 

systems with predictable performance and long-term stability (Foo & Hameed, 2010). Despite 

the abundance of research on the use of chitosan as a drug carrier, studies combining kinetic 

and thermodynamic analysis of metronidazole adsorption onto specially engineered chitosan 

polymers remain few and have a clear gap.(Rajabi et al., 2024). Therefore, this study seeks to 

bridge this gap, by moving from merely describing performance to a deep automated analysis 

of adsorption processes, as the primary driver of the efficiency of chitosan-based drug delivery 

systems(Gonciarz et al., 2025). 

From this standpoint, the current study aims to contribute to filling this gap by 

examining the mechanism of metronidazole adsorption onto a chitosan formulation specially 

prepared for this purpose. To achieve this, an optimized chitosan polymer will first be 

prepared and characterized, followed by an evaluation of its ability to adsorb metronidazole 

under various conditions. Kinetic models (such as pseudo-order) and thermodynamic models 

will then be applied to the extracted data to analyze the adsorption mechanism and 

characterize its spontaneousity and energy exchange properties.(Asgari, Sheikhmohammadi, 

& Yeganeh, 2020). The knowledge gained from this work can provide a scientific framework 

for developing intelligent chitosan-based drug delivery systems, and at the same time 

demonstrate the feasibility of using this multifunctional polymer in creating effective means 

of purifying water from pharmaceutical iste.(Elella & Kolawole, 2024). 

 

2.Materials and methods 

Materials 

Chitosan (CS) has been extracted from shrimp shells. Hydrochloric Acid (Fluka), Sodium 

Hydroxide (Fluka), Metridinazole (Flagyl) (RA CHEM PHARMA LIMITED, India ), Acetic acid 

(Fluka), Sodium Chloride (Fluka), Potassium chloride (Fluka), Carbonate Calcium (Fluka). 

Methods 

Chitosan is extracted from shrimp shells through a three-step process: deproteinization, 

demineralization, and deacetylation. To prepare the chitosan solution, 0.5g of chitosan is 

dissolved in a 1% acetic acid solution. A 3 mL portion of this solution is then transferred to a 

beaker, followed by the addition of 1 mL of Metridinazole drug (at a concentration of 10 mg/L). 

The mixture is stirred continuously at 190 rpm for 5 minutes to facilitate the adsorption of 

the drug onto the chitosan polymer chains. 

 

3.Result and discussion  

3.1-The determination of Equilibrium Time 

Determining the equilibrium time of the adsorption reaction is critical for achieving a 

state of equilibrium and ensuring complete saturation of the adsorbent material on the 
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surface. In this study, the equilibrium time for FL drug at (1mL) (10 mg\L) adsorption on the 

chitosan polymer surface is investigated over a time range of 0 to 60 minutes, while 

maintaining constant conditions for all factors influencing the adsorption process. As shown 

in Figure 1 , the findings showed that the adsorption capacity rose over time and reached its 

maximum value at five minutes. The negatively charged surface of the chitosan polymer and 

the positively charged drug molecules showed a robust electrostatic contact at equilibrium. 

The adsorption mechanism heavily relies on this contact.(Hui et al., 2018; Sheshmani & 

Kazemi, 2020) 

 

Figure(1): Metridinazole's equilibrium time on the chitosan polymer 

 

3.2- Effect of Chitosan Solution Volume on Adsorption Capacity 

The experimental findings show that the adsorption capacity for FL medication (1 mL, 

10 mg/L) is enhanced by increasing the bulk volume of the chitosan adsorbent while 

maintaining a constant mass (0.5 g). As shown in Figure 2, this improvement is correlated 

with the enhanced accessibility of active binding sites (–NH₃⁺ and –OH groups) due to 

increased surface area exposure, thereby enhancing electrostatic interactions between 

protonated chitosan and anionic FL molecules. Monolayer coverage is indicated by post-

saturation plateauing, which is consistent with Langmuir-type adsorption behavior, in which 

subsequent volume increases result in no more absorption after active sites are filled.(Dago-

Serry, Maroulas, Tolkou, Kokkinos, & Kyzas, 2024). 

 

Figure(2): The Impact of Chitosan Solution Volume on Metronidazole (Flagyl) Drug 
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3-3.Effect of temperature 

Over a temperature range of 5–25°C (278–298 K), the adsorption behavior of 

metronidazole (Flagyl) on the produced chitosan polymer surfaces is assessed. Table 1 

displays equilibrium adsorption characteristics, such as distribution coefficients and 

adsorption capacity. The data showed an inverse relationship between adsorption and 

temperature,Flagyl adsorption decreasing at (15 -25)℃,while the highest adsorption capacity 

is at (5℃)(Kellner-Rogers,Taylor,Masud,Aich,&Pinto,2019).At 25℃ the solubility of Flagyl in 

aqueous increases due to heat absorption,thus redusing adsorption because of the increase 

in entropy , which increases the kinetic eergy of the drug molecules on Chitosan surface 

,thereby increasing the rate of de-adsorption,as show in figuer (3)(Budnyak et al., 2020). 

Table (1): Effect of Flagyl adsorption on Chitosan at different temperatures. 

 

Drug 

 Co 5 Co 15 Co 25 

eC 

(mg/L) 

eQ 

(mg/g) 

eC 

(mg/L) 

eQ 

(mg/g) 

eC 

(mg/L) 

eQ 

(mg/g) 

Flagyl 

0 0 0 0 0 0 0 

1 -0.00958 0.201916 -0.00454 0.200908 0.030761 0.193848 

2 0.01059 0.397882 0.040847 0.391831 0.061019 0.387796 

4 0.111447 0.777711 0.141704 0.771659 0.211296 0.757741 

6 0.277862 1.144428 0.287948 1.14241 0.298033 1.140393 

8 0.378719 1.524256 0.398891 1.520222 0.963691 1.407262 

10 0.555219 1.888956 0.575391 1.884922 1.104892 1.779022 

20 1.04942 3.790116 1.079677 3.784065 1.886536 3.622693 

30 1.508321 5.698336 1.624307 5.675139 2.214322 5.557136 

40 2.027736 7.594453 2.204236 7.559153 2.77408 7.445184 

50 2.70348 9.459304 3.05648 9.388704 3.293495 9.341301 

o
C )

m
g
/L

(
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Figure (3): Effect different temperature on the chitosan polymer adsorption process 

 

3-4. Thermodynamic functions 

The values of the thermodynamic fuctions in table (2) are interpreted according to the 

Van Hoff –Arrenus equation by plotting ln(Xm) versus (1/T) as in figure (4) .Obtain the slope 

of the line with a negative value ,which represents the value of the change in enthalpy,an 

exothermic reaction. The increase in entropy indicates the mobility of molecules in the 

solution,where the weak hydrogen bonds between water and polymer surface are broken, and 

new bonds are formed between Flagyl and chitosan by a spontaneous adsorption reaction 

according to the positive value of Gibbs free energy, as shown in table (3) (Delgadillo 

Armendariz, Rangel Vázquez, & Marquez Brazon, 2019). 

Table (2): demonstrates the temperature dependence of Flagyl's maximum adsorption 

capacity on chitosan 

 

= 2.7e C 

 
1000/T 

)1-K( 
T (K) T (⁰C) 

Drug 

mln X mX 

Flagyl 
2.251292 9.5 3.597122 278 5 

2.163323 8.7 3.472222 288 15 

1.981001 7.25 3.355705 298 25 

5 ⁰C 

15 ⁰C 

25 ⁰C 
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Figure (4)The relationship between lnXm and 1/T is plotted to analyze Flagyl adsorption 

thermodynamics on chitosan 

Table (3) : Thermodynamic parameters of Flagyl adsorption on chitosan at 15°C. 

Equilibri

um 

Constant 

(K) 

ΔS 

J.mol(

)1-K.1- 

ΔG 

J.mo(

)1-l 

ΔH 

(J.m

)1-ol 

Drug 

13.426 1.466 
-

9.703 

-

9.266 
Flagyl 

 

 

3-5.Isothermal model of adsorption 

The adsorption equilibrium of Flagyl (Metronidazole) onto the prepared chitosan polymer 

is evaluated using three classical isotherm models: Langmuir, Freundlich, and Temkin.Each 

model is fitted to the experimental adsorption data to determine the nature and mechanism 

of the sorption process. 

The calculated constants and correlation coefficients obtained from these models are 

summarized in Table 4 .As shown in Figure 5, the Langmuir isotherm represents monolayer 

adsorption on a homogeneous surface. However, when applied to the Flagyl adsorption data, 

a noticeable deviation from linearity is observed, as indicated by low correlation coefficients 

(R² < 0.9), suggesting that the surface of chitosan is not ideally homogeneous. 

Flagyl-Chitosan adsorption conforms to the Freundlich model,yielding a high correlation 

coefficient (0.99) as shown in figure (6), and adsorption is multilayered (Mazloomi et al., 2023). 

Table (4) : Isotherm parameters (R² and constants) of Langmuir, Freundlich, and Temkin 

models for Flagyl adsorption on chitosan polymer 

Drug Langmuir equation Freundlich eq. Temkin eq. 
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Figure(5) Langmuir isotherm plot for Flagyl adsorption on chitosan at 15°C. 

 

 

Figure (6) Freundlich isotherm plot for Flagyl adsorption on chitosan at 15°C 
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mq 
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7 
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5 
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Figure (7) Temkin isotherm plot for Flagyl adsorption on chitosan at 15°C 

 

3-6.Kinetic of Adsorption 

Numerous kinetic models have been utilized to elucidate the adsorption mechanisms of 

pharmaceutical compounds onto chitosan polymer surfaces. In this study, two widely 

recognized kinetic models —pseudo-first-order and pseudo-second-order -are employed to 

characterize the adsorption behavior of Flagyl.The parameters calculated from both kinetic 

models, including the rate constants (k₁, k₂), equilibrium adsorption capacity (qₑ), and 

correlation coefficients (R²), are summarized in Table 4 .The pseudo-first-order kinetic model 

describes adsorption as a function of the difference between equilibrium and time-dependent 

uptake, represented by a linear plot of ln(qₑ − qₜ) versus time (t).The linear fit of this 

relationship is illustrated in Figure 8, from which the rate constant k₁ is obtained from the 

slope.Similarly, the pseudo-second-order kinetic model assumes that chemisorption governs 

the adsorption rate, and it is expressed as a linear relationship between t/qₜ and time (t). 

The slope and intercept of this plot provide the corresponding rate constant (k₂) and 

equilibrium capacity (qₑ) values, as shown in Figure 9.The results clearly indicate that Flagyl 

adsorption onto chitosan polymer surfaces follows the pseudo-second-order model, as 

evidenced by the higher correlation coefficients (R²) and better agreement between 

experimental and calculated qₑ values.(Ahamad, Naushad, Al-Shahrani, Al-Hokbany, & 

Alshehri, 2020; Mosaffa, Ramsheh, Banerjee, & Ghafuri, 2024). 

Table(5): Kinetic Studies of Metronidazole (Flagyl) Adsorption onto Chitosan Polymer 

Surfaces 

 

Drug 

Pseudo -First Order 

 

Pseud -Second Order  

 

k1 

(min-1) 

qe 

(mg.g-1) 
R2 

K2 

(mg.g-1.min-1) 

qe 

(mg.g-1) 
h R2 

Flagyl 0.0811 0.070949 0.8648 3.216934 1.614205 8.38223 0.9999 

http://www.ijherjournal.com/
file:///C:/Users/Asus/Downloads/-17%20After%20review.docx%23_ENREF_1
file:///C:/Users/Asus/Downloads/-17%20After%20review.docx%23_ENREF_1
file:///C:/Users/Asus/Downloads/-17%20After%20review.docx%23_ENREF_15


 

MINAR International Journal of Applied Sciences and Technology 

 

554  

 

www.minarjournal.com 

 

 

Figur(8): Pseudo-first-order adsorption kinetics of metronidazole (Flagyl) 

 

 

Figur(9): Pseudo-second-order adsorption kinetics of metronidazole (Flagyl) 

 

 

3-7. Effect of pH 

The pH of the medium plays a critical role in modulating the surface charge of the 

adsorbent as well as the ionization state of the drug molecules.Experimental findings 

demonstrate that the adsorption capacity of Flagyl (metronidazole) is enhanced in acidic 

media as the pH increases, attributed to the progressive accumulation of hydrogen ions (H⁺) 

on the chitosan polymer surface.The (pH =1.2 ) represents the highest adsorption capacity 

due to the presence of a positive charge on the amine group at the polymer. This increases 

the electrostatic attraction of the negative charge on hydroxyl group of Flagyl, as shown in 

table (6). In alkaline media , adsorption decreases because hydroxyl ions of the media crowd 

out Flagyl's hydroxyl, which then bind to the positive charge on Chitosan polymer, as 

illustrated in figure(10)(Amaku & Mtunzi, 2025; Türk & Arslanoğlu, 2025). 
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Table (6):Effect of pH on Flagyl-Chitosan adsorption reaction. 

 

 

 

 

 

 

 

 

Figure(10): Impact of pH levels on metrodinazol adsorption to chitosan polymer at 15°C 

 

 

3-8. Ionic Strength 

A group of salts is used to study the effect of ionic strength on adsorption process at 

concentration ranging from (0.005 -0.1 g\L) . these salts are (CaCO3, NaCl , KCl), Results 

showed a decrease in Flagyl-Chitosan adsorption ratio for (Na+ , K+) due to the  competition 

of their positive charge for the negative sites on the polymer surface and weakness of 

electrostatic attraction , which leads to blocking of ionc charge of Flagyl. An increase in 

adsorption capacity and an improvement in its kinetics are observed in presence of Calcium 

salts with a large ionic volume , which increases the positive charge on the surface of Chitosan 

, as it is shown in figure (11) (ALSamman & Sánchez, 2022; Tan, Kan, Huang, Wu, & Lu, 

2020). 

(Table 7): Value of the effect of ionic strength on the adsorption of Flagyl-Chitosan at 

(15℃). 

pH (mg/L)0C 

FL 

(mg/g)eQ 

1.2 10 1.761876 

2 10 1.816339 

4 10 1.832476 

6 10 1.861725 

8 10 1.882905 

10 10 1.904085 
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Figure (11): Effect of ionic strength on the adsorption of Flagyl-Chitosan. 

 

Conclusion  

The Flagyl-Chitosan adsorption study produced a spontaneous reaction at 5℃ and 

kinetic compatibility following a pseudo-second-order reaction , with a high adsorption 

efficiency of 91.2% at an adsorption time of 15 minutes , a pH= 1.2 , and a concentration 0.5 

g\L of calcium ions. 

 

 

 

 

 

 

 

CaCO3 KCl NaCl 

0C 

(mg/L) 

D
ru

g
s

 eQ 

(mg/g) 
Wt (g) 

eQ 

(mg/g) 
Wt (g)

eQ 

(mg/g) 
Wt (g) 

1.908119 0 1.908119 0 1.908119 0 10 

F
L

 

1.881896 0.005 1.891982 0.005 1.906102 0.005 10 

1.870802 0.01 1.87887 0.01 1.90005 0.01 10 

1.837519 0.05 1.854665 0.05 1.872819 0.05 10 

1.816339 0.1 1.840141 0.1 1.869793 0.1 10 

NaCl 

KCl 

3CaCO 
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