
 

74 

 

 

 

Volume: 11, January-June 2021 

 

INTERNATIONAL JOURNAL OF RESEARCH IN MEDICAL SCIENCES & TECHNOLOGY 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

INTERNATIONAL JOURNAL OF RESEARCH IN MEDICAL 

SCIENCES & TECHNOLOGY 

e-ISSN:2455-5134; p-ISSN: 2455-9059 

GREEN SYNTHESIS OF SILVER NANOPARTICLE USING GREEN 

TEA LEAVES EXTRACT FOR REMOVAL CIPROFLOXACIN (CIP) 

FROM AQUEOUS MEDIA 

*Fatimah Q. Kadhim, *Mohammed A. Atiya, **Ahmed K. Hassan 

*Al-Khwarizmi College of Engineering, University of Baghdad, Baghdad, 

Iraq 

**Ministry of Science and Technology, Baghdad, Iraq 

 

Paper Received: 13th April, 2021; Paper Accepted: 03rd May, 2021;  

Paper Published: 29th June, 2021 

 

DOI: http://doi.org/10.37648/ijrmst.v11i01.008 

 

How to cite the article:  

Fatimah Q. Kadhim, Mohammed A. 

Atiya1, Ahmed K. Hassan, Green 

Synthesis of Silver Nanoparticle Using 

Green Tea Leaves Extract for Removal 

Ciprofloxacin (CIP) From Aqueous 

Media, IJRMST, January-June 2021, 

Vol 11, 74-99, DOI: 

http://doi.org/10.37648/ijrmst.v11i01.008 



 

75 

 

 

 

Volume: 11, January-June 2021 

 

INTERNATIONAL JOURNAL OF RESEARCH IN MEDICAL SCIENCES & TECHNOLOGY 

 

                                                     

 

 

 

 

 

 

 

 

 

       

 

 

                                 

 

 

 

                                               

INTRODUCTION 

An increased risk to health due to 

indiscriminate disposal of medicinal 

products in aqueous environments and the 

infection of drugs in the soil was a 

significant concern due to damaging 

environmental consequences [1]. Pollution 

by drug waste from water supplies is 

currently one of the largest environmental 

issues faced by communities, especially in 

drinking resources [2][3]. In 

environmental media, for instance, excess 

medicines can be dangerous because they 

can change the situation of a natural 

ecosystem [4] [5]. Large amounts of 

antibiotics are also used to treat many 

humans, animal, pig, and fish bacterial 

diseases as they are very effective[6] [7] 

[8]. Ciprofloxacin is widely used for a 

variety of global bacterial conditions as a 

therapeutic agent among many types of 

antibiotics [9][10][11]. In aqueous 

environments in the range 1-100 mg/L 

Fluoroquinolone was typically detected 

[12]. 

Ciprofloxacin is the commonly used 

broad-spectrum antibiotic agent of 

fluoroquinolone families {(1-cyclopropyl-

6-fluoro-4-oxo-7-(piperazine-1-yl)-1, 4-

dihydroquinoline-3-carboxyl acid 

 

ABSTRACT 

 

This study examines the removal of ciprofloxacin in an aqueous solution using 

green tea silver nanoparticles (Ag-NPs). The synthesized Ag-NPs have been classified 

by the different techniques of SEM, AFM, BET, FTIR, and Zeta potential. Spherical 

nanoparticles with average sizes of 32 nm and a surface area of 1.2387m2/g are found to 

be silver nanoparticles. The results showed that the ciprofloxacin removal efficiency 

depends on the initial pH (2.5-10), CIP (2-15 mg/L), temperature (20-50°C), time (0-180 

min), and Ag-NPs dosage (0.1-1g/L). Batch experiments revealed that the removal rate 

with ratio (1:1) (w/w) were 52%, and 79.8% of the 10 mg/L of CIP at 60, and 180 

minutes, respectively  with optimal pH=4. Kinetic models for adsorption and 

ciprofloxacin mechanism removal were also investigated, and kinetic analyzes showed 

adsorption to be a 3.8727kJ.mol-1 activation energy physical adsorption mechanism. The 

kinetic removal process, due to the low activation energy of 14.0606kJ.mol-1, is 

preferred the model of first-order after a physical diffusion-controlled reaction. 

Adsorption information from Langmuir, Freundlich, Temkin, and Dubinin models was 

followed, and the Dubinin isotherm model was the best-fitted model. the thermodynamic 

parameter ∆G0 values at 20, 30, 40 and 50°C were (0.5163, -0.0691, -0.9589, -

0.5927kJ/mol). The value of ΔH0 and ΔS0 were (12.713kJ/mol and 0.0422073kJ/mol.k) 

which indicated favorable and endothermic sorption. The presence and concentration of 

CIP in aqueous media were identified through UV analysis. 

Keywords: Green tea, Ciprofloxacin, Adsorption, Kinetics, Isotherm, Thermodynamics 
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hydrochloride)}[12]. Uncertain disposal of 

pharmaceutical wastewater which loads 

antibiotically is dangerous for non-target 

human beings and biota as it may contain 

acute, contact-relating toxic, carcinogenic, 

and fatal errors [13][14][15]. Nevertheless, 

several studies have shown that 

chlorination of antibiotic wastewater in 

final treatment phases can detect and 

disinfect by-product chemicals that are 

considered carcinogenic. It is therefore 

essential to reduce antibiotic compounds to 

the permissible limit before being dumped 

in water systems (Balcioglu and Otker, 

2004). Their environmental stability and 

extensive degradation periods typically 

categorize antibiotics and conventional 

processes do not eliminate them [16]. 

Efficient and advanced technologies are 

required to manage wastewater from 

antibiotics and the adsorption process is an 

effective, simple, and advanced universal 

treatment system which is one of the most 

promising approaches. The process uses 

natural and synthesized material (sorbents, 

adsorbents, bio-sorbents) to reduce 

contaminated solutions by contaminated 

pollutant molecules (adsorbates) [17][18].  

In the field of nanotechnology, it is 

essential to develop environmentally 

friendly and reliable technology for the 

synthesis of metal nanoparticles. In 

addition to its unique properties and 

applications in different areas such as 

medicine, catalysts, water treatment, 

nanoelectronics, pollution, and textiles, the 

researchers pay attention to silver 

nanoparticles. Different chemical and 

physical methods synthesize the silver 

nanoparticles. Synthesizers are costly, and 

many toxic chemicals are used as the 

biggest inconvenience of chemical and 

physical methods. Green nanotechnology 

plays an important role in the synthesis of 

silver nanoparticles to overcome these 

problems. Use of different plants for 

synthesizing nanoparticles of biogenic 

silver known as Green Nanoparticles [19]. 

Green synthesis methods have become 

simple alternates to chemical synthesis by 

utilizing biological micro-organisms and 

plant extracts, and green synthesis 

overcomes chemical approaches because it 

can be extended to a large scale in 

environmental friendliness, cost-

effectiveness, and facility.  

Ag-NPs are particularly 

outstanding for their excellent optical, 

thermal, catalytic, electromagnetic, 

adsorbent, and antimicrobial properties, 

which greatly differ from silver's 

volumetric properties. This is due to a 

decrease in size, which increases the area 

of the surface by volume and the 

nanoparticle’s form [20] [21]. 

Furthermore, the mechanism of 
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competitive removal of some antibiotics 

during the sorption process should be 

investigated in the adsorption studies. 

Because of their strong biocidal action 

against microbial types, which have been 

used for many centuries to prevent and 

treat various diseases, particularly 

infections, silver nanoparticles, are one of 

the most universally used antimicrobials in 

biology and medicine [22]. The increased 

use of (Ag-NPs) in a different method of 

water treatment is due to its apparent 

potential as a disinfectant, in combination 

with filtration methods that do not produce 

by-products of disinfection (DBP) into the 

treated water [23]. 

The adsorption kinetics was 

obtained using the following models: the 

pseudo-first-order, the pseudo-second-

order [24], [25], [26]. Elovich [27] [28], 

and Behnajady-Modirshahla-Ghanbary 

(BMG)  models [29]. The uptake analysis 

of CIP was studied by applying the 

Langmuir, Freundlich, Temkin, and 

Dubinin-Radushkevich models [30] [31], 

[24], and the thermodynamic parameters 

were also examined  [27][31], [24], [30]. 

This work aimed to investigate the 

removal of a drug (Ciprofloxacin) from 

polluted water by adsorption technique 

using green tea silver nanoparticle.  

MATERIALS AND METHODS 

Chemicals Used 

The ciprofloxacin used in this study 

was provided by the Ministry of Industry 

(Ibn Sine Center), and Table 1 highlights 

the characteristics of the drug. The 

maximum wavelength λ (nm) was 

measured using a spectrophotometer 

(UV/VIS model 1800 SHIMADZU).  

 

Table 1:  Main physical and chemical characteristics of Ciprofloxacin (CIP) used in this study [32], [33]. 

Drug class                            Fluoroquinolone 

IUPAC Name 1-Cyclopropyl-6-fluoro-4-oxo-7-(piperazin-1-yl)-

1,4-dihydroquinoline-3-carboxylic acid 

hydrochloride hydrate 

Molecular formula C17H21ClFN3O4 

Molecular weight (g/mol) 385.82  

Color  White 

Purity 99.8% 

                       λmax (nm)                                            276 
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Adsorbent Preparation 

The Ag-NPs nanoparticles were 

prepared using a similar procedure 

described in previous studies [34] [35] 

with some modifications.  

The green tea extract was produced in 

300 ml of distilled water by weighing 20.0 

g of green tea (Lipton brand). The heat 

was applied to a hot plate for 30 minutes at 

85 ° C. The extract was filtered with a 

membrane filter of 0.45 μm to remove the 

tea suspended particles and stored for 

further use in the refrigerator at 5 ° C. By 

adding 3.4g of AgNO3 solids in 200 mL of 

distilled water, a 0.10 M AgNO3 solution 

was prepared. This solution was then 

filtered by a membrane filter of 0.45 μm to 

remove any impurity after complete 

dissolution. The tea extract was then 

mixed with 0.10 M AgNO3 and slowly 

added at room temperature for 15 minutes 

and constantly agitated. After the addition, 

the solution color was changed from 

colorless to brownish yellow, dark-brown 

precipitation was formed after five 

minutes, and after 30 min the color change 

to black. The color alteration is 

outstanding to the surface plasmon 

resonance exhibited by the metal 

nanoparticles and the reduction of silver 

nanoparticles. GT  was used as a reducing 

and stabilizing agent to reduce the Silver 

ion Ag+ to Silver Nanoparticles Ag0 and 

sorbitol as a capping and stabilizing agent. 

Following that, drop by drop 0.1 M of 

NaOH solution was added until the pH 

was adjusted to 9 [36][37]. 

The black precipitation of silver 

particles was collected using filter paper 

(Whatman No 1) by vacuum filtration and 

rinsed quickly with distilled water and 

ethanol several times to remove 

unresponding particles. The nanoparticles 

of the Ag-NPs were dried overnight at 60 ° 

C in the oven, then ground to a thin 

powder. 

Characterization 

Scanning Electron Microscopy 

images (SEM) were conducted using a 

TESCAN-Vega3 model to distinguish Ag-

NPs, and they also helped identify 

alterations in the surface morphology due 

to adsorbent syncretization or adsorption 

processes. The functional groups present 

on the Ag-NPs, and their importance in the 

removal process, were detected by a 

Shimadzu FTIR spectroscopy instrument 

(Japan). These analyses were performed in 

the 400 to 4000 cm-1 area of the 

wavenumber, as all well-known 

agricultural adsorbent groups are in this 

range. The basic GT-surface area was 

being analyzed. A zeta potential analysis 

was applied to detect nanoparticle stability 

and atomic force microscopy (AFM) was 

used to measure the size and surface 
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morphology of the nanoparticles and the 

contact force between the tip and the 

surface was calculated using a Brunauer–

Emmett–Teller (BET) application, and a 

120 mg Ag-NPs sample was then 

transferred to the BET tube (inner 

diameter=0.7 cm) and degassed in a 

vacuum for 24 hours at 60 °C before being 

analyzed. A zeta potential analysis was 

applied to detect nanoparticle stability and 

atomic force microscopy (AFM) was used 

to measure the size and surface 

morphology of the nanoparticles and the 

contact force between the tip and the 

surface. 

Adsorption experiment of Ag- NPs 

         A work solution of 10 mg / L 

CIP has been dissolved by dissolving 0.01 

g CIP in 1 L of distilled water and 

adjusting the pH of a solution before 

adding nanoparticles. Batch testing has 

been conducted for assessing the 

efficiency of CIP removal in this study. 

These experiments met several work 

parameters, including pH within 2 to 10, 

Ag-NPs 0.1 to 1 g/L, contact duration up 

to 180 min, original CIP antibiotic 

concentrations of 2 to 15 mg / L, and 

temperatures between 20 and 50 ° C. The 

experiments were carried out in two 

different ways. A special quantity of Ag-

NPs was added to the CIP antibiotic 

solution and then stirred in a closed system 

at 300 rpm. The pH solutions of 0.1 M 

H2SO4 and 0.1 M NaOH were adjusted 

and maintain the temperature to optimize 

the value of each parameter. During 

adsorption experiments, 10 mL samples 

were taken for analysis at various 

intervals. The initial CIP concentrations 

were calibrated using a 1 cm quartes 

container with the absorption of 276 nm 

wavelengths immediately after each 

sample with a spectrometer of UV / VIS. 

Nanoparticles of reference (blank) Ag-NPs 

solutions with the same concentrations as 

samples were read before each 

measurement. Adsorption data on 

temperature effects and contact times were 

used, particularly in thermodynamic, 

kinetic, isothermal studies, at different 

start concentrations and sorbent doses. Ag-

NPs for the elimination of antibiotic 

contaminants of water solutions were 

evaluated based on their efficiency of 

removal (R %) and the adsorbent capacity 

(qe mg / g) values  [38][39]. The following 

two formulas calculated this: 

R % = (C0–Ct)*100/C0                      

……………………………   (1) 

 qe = (C0–Ce)*V/W                                  

...……………………………    (2) 

Where, C0, Ct, and Ce denote the initial, 

after a specific time of adsorption and 

equilibrium concentration of CIP aqueous 
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phase antibiotics (mg/L), respectively, V is 

the antibiotic solution volume in liters and 

W is the weight of adsorbent in (g). 

RESULTS AND DISCUSSION 

Characterization of Ag-NPs 

1. Scanning electron microscopy 

(SEM) of Ag-NPs 

The structure and composition of the 

synthesized silver nanoparticles Fig.1 were 

analyzed in the Scanning Electron 

Microscopy. The typical SEM picture 

shows that the product mainly consists of 

spherical particles and a monodispersed 

distribution range of particles between 15 

nm and 40 nm.  Fig.1 shows that these 

silver nanoparticles (Ag-NPs) are installed 

by smaller, highly uniform nanoparticles 

with an average diameter of about 20 nm. 

SEM images demonstrated that most silver 

nanoparticles are mostly spherical, with a 

smooth surface and a well different with 

closed arrangement structure. 

 

 

Fig.1: SEM micrograph of Ag-NPs 

2. FTIR analysis of Ag-NPs 

To determine the possible FTIR measurement, nanoparticles synthesized with extract tea leaf 

biomolecules responsible for copping and reducing agent of the Ag metal. 3271 cm-1, 1637 

cm-1 and 386 cm-1 are visible infrareds Fig.2. The N−H and O−H stretching of the protein 

connection is caused by the intense wide band at 3271 cm-1. Wide and high absorption peaks 

between 3371-3259 cm-1, which showed the extending hydroxyl vibrations (O-H) were 

observed, which indicates the presence of polyphenols. The medium-intended band at 1637 

cm-1 is produced by the mode C = O in amine I that is commonly found in the protein and 
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indicates that proteins are present as capping of silver nanoparticles that improve the stability 

of the synthesized nanoparticles. The intensive and wide peak, however, at 386 cm-1, was 

equivalent to Ag metal [40]. 

 

Fig.2: FTIR spectrum of Ag-NPs 

3. Atomic Force Microscopy (AFM) of Ag-NPs 

Atomic Force Microscopy (AFM) analysis was used for studying the average size and surface 

structure of the silver nanoparticles. In Fig.3-a particle size distribution of synthesizing silver 

nanoparticles shows the average size of less than 32 nm with no obvious agglomeration. 

Fig.3-b illustrates Ag-NPs surface morphology as nanoparticles 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.3: (a) Atomic Force Microscopy of Ag-NPs nanoparticles, (b) Ag-NPs surface 

morphology 

a b 
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  4. Zeta potential analysis  

The zeta potential analysis 

technique is used to identify the stability of 

the nanofluids. Zeta potential value for 

silver nanoparticles Fig. 4 was -29.1mV. 

The negative zeta potential values were 

attributed to the negative charge of green 

tea polyphenols. This result shows the 

presence of polyphenols on the surface of 

nanoparticles [41]. The electrostatic 

repulsive forces between the negative-

charged nanoparticles can prevent 

aggregation, thereby enhancing stability 

[42]. The zeta potential value >±60 mV is 

excellent stability concerning the stability 

of nanoparticles in ambient fluid, good 

stability in ± (40-60) m V, stable in ± (30-

40) mV, highly agglomerated in <±30 mV. 

 

Fig.4: Zeta potential of Ag-NPs nanoparticles 

5. Blumenauer-Emmer-Teller (BET) of Ag-NPs 

Table 2 refers to Blumenauer-Emmer-Teller (BET) results that describe and clarify the 

surface area. In this analysis, the pore size was 5.1843 nm. According to the IUPAC, a pore 

size in the range of <20 nm indicates supermicroporous.  

 

Table 2: Blumenauer-Emmer-Teller parameter for Ag-NPs nanoparticles 

Parameter Value 

BET (m2/g) 1.2387 

Pore volume(cm3/g) 0.000618 

Pore size (nm) 5.1843 
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Removal of CIP at different condition 

In a closed system, silver 

nanoparticles (Ag-NPs) were tested for 

removal of CIP, and various experimental 

conditions were used to measure removal 

efficiencies. Using UV-Vis at 276 nm 

wavelength samples were taken and 

analyzed at various time intervals. 

Conditions were examined: initial pH 

range (2, 5, 3, 4, 5, 7, 8, 9, 10) initial CIP 

concentration (2, 5, 10, 15 mg/L), Ag-NPs 

dose (0.1, 0.25, 0.75, 1 g/L) and 

temperature (20, 30, 40, 50° C) were 

considered. Eq. (1) has been used to 

determine the performance of CIP 

removal. 

1. Effect of Ag-NPs dose 

The adsorbent dose is an important 

parameter because it determines the 

capacity of the sorbent for a specific initial 

adsorbate concentration. Fig.5 

demonstrates the effect of the Ag-NPs 

doses on ciprofloxacin removal. It can be 

shown that the percentage removal of CIP   

increased from 18.7%, 25.8%, 33.2%, 

40.2%, to 45%% by using Ag-NPs as the 

adsorption dosage increased from 0.1, 

0.25, 0.5, 0.75 to 1.0 g/L. The removal rate 

and effectiveness increased with higher 

Ag-NPs for adsorption of CIP with 

keeping the other parameter (pH, drug 

concentration, contact time, and 

temperature). This is due to the total area 

and the active site increased [34]. Also, 

due to the increase in the number of porous 

and volume of their porous in the surface 

of nanoparticles [43]. The dosage of 1g/L 

was chosen as the best value for iron (Ag-

NPs) nanoparticles. Similar behavior was 

noticed by [43].   

 

Fig.5: Effect of Ag-NPs doses at pH=3, 10 mg/L CIP, 40°C, 300 rpm, and reaction time 60 

min. 
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2. Effects of initial solution temperatures  

Fig.6 explains the percentage removal as a function of temperature in the range of from 20 -

50°C for adsorption of CIP. It can be concluded that temperature has affected the percentage 

removal of CIP and this removal increased at the temperature increases [37], since values of 

20, 30, 40, and 50°C obtained removal percentages of 32.6%, 40.2%, 52%, and 45%, 

respectively by Ag-NPs, in Fig.6 it can be observed at the temperature increased from 20 to 

40°C while at 50°C the removal efficiency decreased. This could be caused by the decrease of 

viscosity at a temperature increase, which increases pollutant mobility by increasing the 

diffusion rates of the CIP across the external boundary layer of the sorbent and increasing 

sorption. Therefore, the number of drugs that interacted with sorbent surface active sites is 

increased. Also, increasing the temperature will breadth of pore size or activate the sorbent 

surface or creation of some new active sites on the sorbent surface due to breaking the bonds 

[27], [11]. Similar observations were noticed by [37] 

 

Fig.6: Effect of temperature for removal efficiency of CIP onto various adsorbent at 10 mg/L 

of CIP, 300 rpm, 60 min, 1 g/L, and pH4 of Ag-NPs 

3. Effect of initial pH of the solution  

The solution's acidity is the main parameter for controlling CIP adsorption from 

wastewater. The degree of ionization, the surface load of the sorbent, and the adsorbate 

classes can be influenced by the pH value. An increase in the pH enhances the most metal 

sorption to a certain value, followed by a reduction when the pH was further increased. Fig.7 

shows the percentage removal of CIP by Ag-NPs within sixty-minute  increased at acidic pH 

and then decreased at basic pH as 37.9%, 45.1%, 52%, 48%, 43.5%, 30.9%, 23.5, and 22%. 

The best value of pH for removal of CIP by Ag-NPs was pH4.  Similar behavior was noticed 

by [36].  



 

85 

 

 

Volume: 11, January-June 2021 

 

INTERNATIONAL JOURNAL OF RESEARCH IN MEDICAL SCIENCES & TECHNOLOGY 

 

Fig.7: The effect of pH on the removal efficiency of CIP at 10 mg/L of initial concentration, 

60 min, and 300 rpm onto 1 g/L, and 40   of Ag-NPs. 

4. Effect of initial concentration 

Fig.8 explains the percentage removal as a function of initial drug (CIP) concentrations in the 

range of from 2-15mg/L for adsorption of CIP. When the initial concentration of CIP 

increased, the removal efficiency decreased as from 57.7%, 54.6%, 52%, to 48% with sixty 

minutes, by using Ag-NPs. The possible cause is the initial CIP concentration values for more 

active sites of the Ag-NPs as they are likely to increase and lead to competitive adsorption of 

CIP molecules [44]. High initial concentration accelerates the driving force and reduces the 

mass transfer resistance. The best value of the initial concentration of the CIP with all 

adsorbent was 10mg/L and the removal efficiency obtained at this concentration was 52% 

within sixty minutes of the reaction.  

 

Fig.8: The effect of the initial CIP concentration at 300rpm, 60 min, and Temp=40°C, at 

adsorbent dose Ag-NPs of 1g/L, pH4. 
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5. Effect of contact time 

 

The need to identify the possibility of binding and determining the optimal time for sites 

occupied by drug CIP and completing the removal of the CIP studied lead to the need to study 

the effect of contact time. Fig.9 shows the influence of increased contact time at pH 4, 7, and 

10. The CIP removal efficiency in the batch system increases with additional contact time. The 

adsorption process was initially rapid due to the driving force of the highest CIP level, after 

which the removal rate slowed for all pH values because of the continuous decrease in the 

adsorbent active site and the concentration of non-adsorbed CIP molecules [43]. The CIP 

removal efficiency at pH 4, 7, and 10 for 60 minutes were 52.5%, 43.5%, and 22% by using 

Ag-NPs. The CIP removal efficiency after 180 minutes at 4, 7, and 10 were 79.8%, 68%, and 

42.2% with Ag-NPs. Similar behavior was noticed by [43]. 

 

Fig.9: The effect of time at various pH. Experimental conditions: 10 mg/L of CIP, 1 g/L Ag-

NPs, with temperature 40°C. 

Adsorption Kinetics of silver 

nanoparticles (Ag-NPs) 

The adsorption kinetics studies 

were performed to investigate the sorption 

rate. The experiments were carried out at 

sorbent dose (1g/L) for sorption of CIP 

with pH 4 at different initial CIP 

concentrations (2, 5, 10, and 15 mg/L) for 

different time intervals at 40°C 

temperature. The linear forms of the 

pseudo-first-order, the pseudo-second-

order [24], [25], [26]. Elovich [27][28]. 

and Behnajady-Modirshahla-Ghanbary 

(BMG)  models [29]  are bellowed. 

Pseudo-first-order model 

Log (qe - qt) = log qe - k1t /2.303                   

……………..  (3) 

pseudo-second-order model 
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t / qt =1/ k2 qe
2 + t / qe                                     

……………..  (4) 

h= K2 qe
2                                                         

…………….   (5) 

Elovich-model 

qt =1/ β ln (αβ) + 1/β ln (t)                             

…………….   (6) 

Behnajady-Modirshahla-

Ghanbary (BMG) -model 

t / [1 − (Ct/C0)] = m + b (t)                             

…………….   (7) 

 

1. Pseudo-first-order model 

Fig.10 explains the linear plot for the Ag-

NPs pseudo-first-order model for each 

factor with a range of (2-15) mg/L, Ag-

NPs (0.1 to 1 g/L) dose, pH (2.5 to 10), 

temperature (20 to 50°C) and time (0 to 60 

min). The silver nanoparticles model 

parameters with the determination 

coefficient for each factor are listed in 

Tables 3. The constant rate k1 (min-1) was 

calculated from the slope of the log (qe – 

qt) and the t graph, as shown in Fig.10. 

The rate constant (k1) decreased with the 

increase of the initial CIP concentration. 

These results due to the driving force of 

drug adsorption to the inside structure of 

the adsorbent used[45]. k1 (rate constant 

for first order > k2 for second-order) for all 

factors as shown in Table 3 and the best-fit 

equation for CIP kinetic adsorption to Ag-

NPs was the pseudo-first-order. As 

observed in Table 3, the pseudo-first-order 

kinetic model is best, as it has an average 

regression coefficient R2 values were 

0.9813   higher than other kinetic models. 

A similar observation was noticed by [26], 

[27]. 

 

 

Fig.10: The Pseudo-first-order model of Ag-NPs at different CIP concentration (2-15 

mg/L), at 300 rpm, 60 min, Temp=40°C, at adsorbent dose Ag-NPs of 1g/L, and pH4.  
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2. pseudo-second-order model 

The pseudo-second-order model is 

illustrated by Fig.11 for the adsorption of 

CIP at different initial CIP concentration 

range 2mg/L to 15 mg/L. The model 

parameters and the corresponding 

coefficient of correlation are shown in 

Table 3. The rate constants k2 and qe were 

calculated from the intercept and slope of 

t/qt versus the t graph Fig.11. In equation 

(5), the initial adsorption constant rate (h) 

was estimated from the pseudo-second-

order. The values of h (mg/g min-1) for the 

fixed concentration of CIP (15mg/L, 

10mg/L, 5 mg/L and 2mg/L) was  (0.3698, 

0.4074, 0.6847, 0.6795), and small k2 

values  parallel to h indicated rapid 

sorption at the beginning, followed by 

slower adsorption. Fig.11 shown as a 

supplementary information. 

3. Elovich model 

α (mg/g/min) adsorption value and β 

(g/mg) desorption rates constants as shown 

in Fig.12 were obtained from the intercept 

and slope of qt against ln (t). Theα and β 

values of (15, 10, 5, and 2 mg/L) were 

(0.8968, 0.8824, 1.2145, and 1.1471) and 

(0.6559, 0.75907, 0.7391, and 0.861), by 

using Ag-NPs as shown in Table 3, this 

results showed a higher rate of adsorption 

than desorption with the initial CIP 

concentration, and the regression 

coefficient was 0.9458. Fig.12 shown as a 

supplementary information. 

4. Behnajady-Modirshahla-

Ghanbary (BMG) models 

The BMG kinetic model 

parameters m (min) and b for CIP 

adsorption under various conditions were 

calculated from a slope and intercept of t/ 

[1-(Ct/C0)] against t as shown in Fig.13. As 

the concentration of CIP increased from (2 

to 15 mg/L), the values of m and b 

increased from (12.091 and 1.6031 to 

33.962 and 1.6181), by using Ag-NPs, 

respectively. This indicates that the time of 

the adsorption reaction increased when the 

concentration of CIP increased, as shown 

in Table 3.  As observed in Table 3 the 

pseudo-first-order kinetic model is best, as 

it has a regression coefficient R2 value 

(0.9813) at various initial concentrations 

higher than other kinetic models. Such 

deviations have already been noted in 

numerous research papers [34], and  [26], 

while in other research paper the second-

order was the best model as [46], and [31]. 

Fig.13 shown as a supplementary 

information. 
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Table 3: The Pseudo-first-order, Pseudo-Second-order, Elovich, and MBG Kinetics 

parameters for the adsorption of CIP onto Ag-NPs at various initial concentrations of CIP. 

 

Adsorption mechanism of silver 

nanoparticle (Ag-NPs) 

 

Equations (8) and (9) determined the 

adsorption process mechanism [46], [43], 

[30]. Fig.15a-b presents the intraparticle 

diffusion kinetic model and the liquid film 

diffusion of CIP sorption onto Ag-NPs, 

and the parameter values are given in 

Table 4. The intraparticle constant (Kid) 

values increase as the initial concentration 

of CIP concentration increased, indicating 

a higher sorption rate at a higher initial 

concentration of CIP. The positive values 

of C constants for CIP suggest a boundary 

layer effect on the sorption rate. Kid (mg/g 

min0.5) and C (mg/g) are the intraparticle 

diffusion constants. The C parameter 

indicates the thickness of the boundary 

layer [43], and Kfd (m
-1) is the liquid film 

diffusion constant. When the linear trend 

line fit from the qt vs t0.5 point Fig.14.a  is 

passing or close to the point of origin of 

the parameter C=0; thus the limiting rate is 

intraparticle diffusion. The slope and 

intercept of the plot of ln (1-qt/qe) versus t 

 

CIP 

mg/L 

R% 

After 

60 min 

Pseudo-first-order Pseudo-second-order Elovichs – Model BMG- Model 

qe  

(mg g-

1) 

k1  

(min-1) 

R2 qe   

(mg g-

1) 

k2 

(g 

mg1.min1

) 

R2 α  

(mg g -

1min-1) 

β 

(g mg-1) 

R2 m 

(min) 

b R2 

15 48% 7.3705 0.0255 0.9848 7.7639 0.0061 0.820

8 

0.8968 0.6559 0.9169 33.962 1.618

1 

0.8208 

10 52% 5.7003 0.0297 0.9813 6.2695 0.0103 0.890

6 

0.8824 0.759 0.9458 24.449 1.589 0.8906 

5 54.6% 4.9396 0.0379 0.9852 6.0168 0.0189 0.963

2 

1.2145 0.7391 0.995 14.561 1.657

4 

0.9632 

2 57.7% 4.056 0.0405 0.9801 5.1255 0.0258 0.971

4 

1.1471 0.861 0.9969 12.091 1.603

1 

0.9714 

Average R2 0.9828  0.911

5 

 0.9636  0.9115 
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in Fig.14.b relate to Kfd and C.  In Table 4 

the high regression coefficient values 

suggest that the liquid film diffusion is 

more applicable, and the main controlling 

step of the higher concentration gradient 

results in a higher rate of CIP molecule 

diffusion through the boundary layer 

surrounding the adsorbent. [27], [30]. 

Fig.14a, b shown as a supplementary 

information. 

qt = Kid t
1/2 + C                                          

………………    (8) 

Ln (1- qt/ qe) = -Kfd t                                 

………………    (9) 

 

Table 4: The adsorption mechanism of intraparticle - model and Liquid Film diffusion at the 

various initial concentration of CIP onto Ag-NPs. 

 

 

Adsorption Isotherm of silver 

nanoparticles (Ag-NPs) 

The adsorption isotherms, which 

are the important requirements for the 

development of adsorption systems, 

depending on the equilibrium data. In this 

study the equilibrium data for the CIP of 

the Ag-NPs were modeled on four 

different isothermal equations: Langmuir, 

Freundlich, Temkin, and Dubinin that are 

linearized forms Eqs. (10)to (16) as shown 

below [30][31], [24]. 

 

Langmuir isotherm model 

1/qe =1/ qmax kL (1/ Ce) +1/ qmax                        

………………..      (10) 

RL = 1/ (1 + bC0)                                                 

……………….      (11) 

 

 

Liquid Film diffusion Intraparticle diffusion CIP 

(mg/L) R2 C(mg/g) Kfd (min-1) R2 C(mg/g) Kid(mg/g.min0.5) 

0.9848 -0.0521 0.0257 0.979 -0.358 0.8465 15 

0.9813 -0.0952 0.0298 0.9826 -0.0958 0.7216 10 

0.9852 -0.1973 0.0681 0.9731 0.3928 0.719 5 

0.9801 -0.2339 0.0405 0.9594 0.4693 0.6123 2 

0.9828  0.9735  Average R2 
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Freundlich isotherm model 

Log qe = (1/n) log Ce+ log KF                             

……………….       (12) 

 

Temkin-isotherm model 

qe = (RT/BT) ln Ce + (RT/BT) ln KT                          

.........................         (13) 

 

 Dubinin isotherm model 

Ln qe = ln qm – β ε2                                            

……………….          (14) 

ε = RT ln (1+1/Ce)                                             

………………           (15) 

E=1/ (-2β)                                                       

……………….           (16) 

1. Langmuir model 

Fig.15 explain the linear plot of 

this model, where kL and qmax are 

Langmuir constants. These values were 

determined from the slope and intercept of 

the plotted graph 1/qe, versus 1/Ce. 

Langmuir isotherms defined the results 

where (R2) Freundlich is higher than 

Langmuir models, and heterogeneous 

adsorbent surfaces with the same 

adsorption sites should be in Freundlich as 

shown in Tables 5. The Langmuir constant 

b was established at 0.3634Lmg-1 for Ag-

NPs as shown in Table 5.  The values of 

RL obtained for CIP adsorption on Ag-NPs 

were in the range (0.2504-0.1793) it 

showed favorable adsorption of CIP onto 

adsorbents for the RL values. The 

maximum uptake (qmax) was 8.5034mg of 

CIP per gram of the Ag-NPs. The Dubinin 

model was the best-fitted model. Similar 

behavior was noticed by [24]. Fig.15 

shown as a supplementary information. 

2. Freundlich isotherm model 

Fig.16 demonstrates the linear plot 

of the Freundlich model, this model 

suggests that the adsorption process 

showed by a multilayer adsorption 

mechanism on a heterogeneous adsorbent 

surface [31]. The values kF and n are 

Freundlich coefficients, and confirm that 

favorable sorption was determined from 

the slope and intercept of the plotted graph 

log qe versus log Ce as shown in Fig.16. 

The n constants influence the adsorption 

favorability, and the values of n for 2 to 10 

are generally good, where the value of n 

was 2.7078 as shown in Table 5 [46]. 

Fig.16 shown as a supplementary 

information. 

 

3. Temkin isotherm model 

Fig.17 explain the linear plot of 

this model. The KT and BT values were 

determined from the slope and intercept of 

a plotted qe graph, versus ln Ce Figure 

(4.50), KT (L/g) and BT (kJ/mol) are 

coefficients of the maximum binding 

energy and heat of sorption. The KT and 

BT values in Table 5 define minute 

variations in sorption heat and robust 
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interactions between adsorbate and 

adsorbent. The parameters of the model 

along with the corresponding correlation 

coefficient are listed in Table 5 and we can 

notice can applicability of this model 

according to the high correlation 

coefficient R2. Fig.17 shown as a 

supplementary information. 

 

4. Dubinin isotherm model 

Table 5 shows the parameters of 

this model qe and β degree and average 

sorption energy per mole of adsorbate, 

which can be measured from the intercept 

and slope of the graph plotted ln qe versus 

ε2 Fig.18. From Eq.16, the E values were 

(3.8727 kJ/ mol) for Ag-NPs, which 

indicates physical adsorption E<8 kJ/ mol. 

The value of R2 (0.9907) is higher than 

other models for Ag-NPs adsorbent, so it 

is the best-fitted model. Fig.18 shown as a 

supplementary information. 

 

Table 5: Isotherm parameters values of Ag-NPs 

Freundlich Langmuir 

R2 n kF R2 B (L mg-1) qmax (mg g-1) 

0.907 2.7078 3.0134 0.9032 0.3634 8.5034 

Dubinin Temkin 

R2 E (kJ/mol) qm (µg/g) R2 BT (kJ/mol) KT(L/g) 

0.9907 3.8727 1.0325 0.9081 3.1553 0.1673 

 

Adsorption Thermodynamic 

Thermodynamic parameters of enthalpy; entropy, and Gibbs free energy were 

calculated from equations (17) to (19)[27], [31], [24], [30]. The adsorption thermodynamic 

was carried at 298, 303, 3131, and 323C. The Gibbs free energy (∆G0) was computed using 

ln Kc values for dissimilar temperatures. According to Eq.(19), enthalpy (∆H0) and entropy 

(∆S0) can be estimated from the intercept and slope at ΔH0 and ΔS0 of the plot of ∆G0, versus 

the T Fig.19-a. The free energy, enthalpy, and entropy values are given in Table 6. The 

negative free energy suggesting the spontaneous nature of CIP adsorption onto Ag-NPs [30]. 

The positive enthalpy value showed favorable and endothermic sorption, positive entropy 

implied the increased randomness at the solid-solution interface during the adsorption of 



 

93 

 

 

Volume: 11, January-June 2021 

 

INTERNATIONAL JOURNAL OF RESEARCH IN MEDICAL SCIENCES & TECHNOLOGY 

CIP[30], [31]. According to Eq.( 21), the activation energy was calculated [24]. These values 

were calculated by the slope and intercept of ln (Ct/C0) and time t (min). The straight line of 

ln kobs against 1/T Fig.19-b deviated by 14.06 kJ/mol indicating diffusion-controlled 

processes.  Fig.19a, b shown as a supplementary information. 

∆G0=-RT ln Kc                                                                                         (17)       

Kc=qe/Ce                                                                                                   (18)           

∆G0=∆H0-T∆S0                                                                                         (19)                                      

ln (Ct /C0) =-kobs t                                                                                          (20) 

ln kobs =ln A- Ea/RT                                                                                       (21) 

 

Table (6): Thermodynamic examination of the adsorption of CIP onto Ag-NPs(initial 

concentration 10 mg/L, Ag-NPs dose 1g/L, contact time 60 min, agitation speed 300 rpm, and 

pH=4). 

∆G0(kJ/mol) 

 

∆H0(kJ/mol) ∆S0(kJ/mol.K) 

T=20°C T=30°C T=40°C T=50°C  

12.713 

 

 

 

0.0422 

 0.5163 -0.0691 -0.9589 -0.5927  

 

CONCLUSION 

This study examined the adsorption of 

CIP adsorption by Ag-NPs in a batch 

system. The characterisation of the 

adsorbent was carried out with advanced 

SEM, AFM, BET, Zeta Potentials and FT-

IR, and the result indicates: 

1. pH4, 60 min, 10 mg/L, 40 °C, and 

1 g/L have been used to optimize 

process adsorption parameters with 

pH, contact time, initial antibiotic 

concentration and temperature. 

2. The studies were performed in 

isothermal, kinetic, and 

thermodynamic with optimal effect 

data. 

3. The isothermal study has shown 

that the surface of Ag-NPs consists 

of homogenous sites ready for 

antibiotic reactions. 
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4. The thermodynamic element 

highlighted the spontaneous and 

endothermal nature of adsorption. 

5. The impact of agitation speed, 

nanoproduct size and magnetic bar 

sizes on the first-order adsorption 

of Ag-NPs should be taken into 

account in future studies and 

kinetic physical adsorption should 

be established for this purpose. 
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