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ABSTRACT 
 

In this work, the removals of Metronidazole (MTZ) antibiotics onto Graphene Oxide (GO) adsorbent 
from aqueous solutions were studied. Batch adsorption studies were carried out at different contact 
time, MTZ concentrations, and temperatures. Adsorption isotherms have been modeled by 
Freundlich, Langmuir, Toth and Redlich-Peterson (R-P) equations. The adsorption of MTZ 
antibiotics was better represented by the Langmuir equation. The effect of temperature was also 
studied at the range between 298 and 328 K. Thermo- dynamic parameters were calculated. The 
positive value of enthalpy change (∆H°) indicated the endothermic nature of the adsorptio n 
process, and the negative values of free energy change (∆G°) were indicative of spontaneity of the 
adsorption process. In this work adsorption behavior of MTZ on GO sorbent was also evaluated by 
the data obtained from batch experiments. The positive values of ∆S° suggest the increased 
randomness at the sorbent–solution interface during the sorption of MTZ from the aqueous solution 
to the GO sorbent. 
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1. INTRODUCTION 
 
 Antibiotics are the most extensively used drugs 
to prevent or treat bacterial infections in humans, 
animals and plants [1,2]. Antibiotics are released 
into water mainly through effluents of municipal 
wastewater treatment plants, as well as through 
effluents from pharmaceutical manufacturing 
plants [3,4]. Antibiotics are regarded as 
“pseudopersistent” contaminants due to their 
continual considerable amount release into the 
environment [5,6]. 
 
Metronidazole (MNZ) with antibacterial and anti-
inflammatory properties is a kind of 
nitroimidazole antibiotic, which is commonly used 
in clinical applications and widely used for the 
treatment of infectious diseases caused by 
anaerobic bacteria and protozoan's, such as 
Giardia lamblia and Trichomonas vaginalis [7,8]. 
Aside from being widely used as antibiotics for 
humans, MNZ is also abused as an additive in 
poultry and fish feed to eliminate parasites [9,10]. 
As a result, MNZ was accumulated in animals, 
fish farm water, and effluents from meat 
industries [11]. 
 
Many methods concerning MNZ removal from 
aqueous solutions have been reported, such as 
adsorption, photodegradation, ozonation 
technology, and biological methods [12-14]. The 
removal of pharmaceutical antibiotics by 
conventional water and wastewater treatment 
technologies is generally incomplete [15,16]. 
Scientists investigated the adsorption and 
removal of tetracycline antibiotics by several 
materials, including montmorillonite, rectorite, 
palygorskite, chitosan particles, aluminum oxide, 
coal humic acid, activated carbon, single-walled 
carbon nanotubes, and multiwalled carbon 
nanotubes [17,18]. However, there is still an 
increasing demand for the development of 
efficient and cost-effective treatment 
technologies for the removal of such pollutants 
[19,20]. 
 
Graphene, a novel two-dimensional carbon 
nanomaterials as well as being a fundamental 
building block for buckyballs, carbon nanotubes, 
and graphite has attracted a great deal of 
scientific interest in recent years [21]. Graphene 
oxide (GO), as a precursor for Graphene 
preparation, is always obtained through the 
strong oxidation of graphite by modified Hummer 
method [22]. Large quantities of oxygen atoms 
are present on the surface of the resulting GO in 

the forms of epoxy, hydroxyl, and carboxyl 
groups. Due to its specific surface structure, it 
can also be used as an adsorbent. The focus on 
the removal of toxic elements and compounds 
from contaminated water/ environment by GO is 
emerging [23]. 
 
The objectives of this work are to evaluate the 
effectiveness of Oxide (GO) adsorbent for a 
removal of Metronidazole (MTZ) antibiotics in 
aqueous solution and to better understand the 
adsorption of MTZ onto GO. Equilibrium 
adsorption isotherms were measured and the 
experimental data were analyzed with commonly 
used models, namely, Langmuir, Freundlich, 
Toth and Redlich-Peterson isotherm equations. 
 
2. MATERIALS AND METHODS 
 
All chemicals used were of analytical reagent 
grade and used without further purification. 
Graphite powder and Metronidazole was 
purchased from Sigma Aldrich Co. Ltd. The 
water used in all experiments had a resistivity 
higher than 18 MX cm. Also the chemical and 
physical characteristics of MNZ are summarized 
in Table 1. 
 
GO was synthesized from graphite powder 
according to the modified Hummer’s method. 
Graphite powder was added to a solution 
consisting of concentrated H2SO4, K2S2O8, and 
P2O5 and reacted for 4.5 h. The mixture was then 
diluted with 0.5 L water. Then, the mixture was 
filtered and washed with water for remove the 
residual acid. The product was dried under 
ambient conditions overnight. This pre-oxidized 
graphite was added to cold concentrated H2SO4 
(120 mL) followed by the gradual addition of 
KMnO4 (15 g) under stirring, and the temperature 
was kept below 20°C by cooling. This mixture 
was stirred at 35°C for 30 min and 90°C for 90 
min.  Afterward, the mixture was diluted with 
water (250 mL) and kept at 105°C for 25 min. 
After the resulting mixture was stirred for 2 h, 0.7 
L of water and 20 mL of 30% H2O2 were added 
to end the reaction. For purification, the mixture 
was filtered and washed with 1:10 HCl aqueous 
solution and water many times. Finally, the 
product was further purified by dialysis for 1 
week to remove the remaining metal species. 
Exfoliation was carried out by sonicating graphite 
oxide under ambient condition for 20 min. The 
obtained dispersion was centrifuged at 3000 rpm 
to remove any unexfoliated GO and then 
centrifuged at 16,000 rpm for 10 min to collect 
the residue for absorption experiment. The 
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residue was re-dispersed in water to obtain 0.544 
mg/ml GO stock solution. 
 

Table 1. Physical and chemical 
characteristics of MNZ 

 
Molecular formula   
Molecular weight (g mol−1) 
Water solubility (g L−1) 
pKa 
Melting point (°C) 
 
Molecular structure 

C6H9N3O3 
171.2 
9.5 
2.55 
159–163 

 
 
Laboratory batch studies were conducted at 
different adsorbent concentrations, initial 
adsorbate concentrations, and temperatures. 
The method to do adsorption consist of shaking a 
known volume of MTZ solutions of definite 
concentration containing 2 g of GO for about 120 
min which were found to be a sufficient time for 
an equilibrium to be attained. In each experiment 
excluding the effect of the adsorbent dose study, 
2 g of adsorbent contacted with 100 mL of 
adsorbate solution in a 250 mL flask at a desired 
temperature was shaken in a thermostat rotary 
shaker at constant agitation speed (200 rpm) for 
predetermined time intervals. After the flasks 
were successfully removed, centrifugation was 
used to separate the liquid from the solid. 
Centrifugation was conducted at 4000 rpm for 10 
minutes. The residual MTZ were determined by 
high performance liquid chromatography (HPLC, 
Shimadzu, LC10A HPLC) equipped with a UV 
detector (SPD-10AV) at 318 nm. A C18 column 
(5 µm, 250 mm  long×4.6 mm) was used, and the  
mobile phase was composed of a mixture of 
acetonitrile and water (20/80, v/v). The flow 

speed was set at 1.0 mL min−1, and 20 µL 
injections were used. 
 
The surface area and pore volume of Graphene 
and Graphene Oxide were measured through N2 
adsorption at −196°C using a TRISTAR-3000 
surface area and porosity analyzer 
(Micromeritics). 
 

3. RESULTS AND DISCUSSION  
 
N2 adsorption shows that graphite has a BET 
surface area and pore volume of 19.5 m2/g and 
0.087 cm3/g, respectively. After oxidation, GO 
has a surface area of 28 m2/g  and pore volume 
of 0.097 cm3/g. Fig. 1 shows plots of XRD for 
graphite and graphite oxide.  In the pattern of 
GO, the peak at 2θ=27.2° was no longer 
detected and a new broader peak appeared at 
2θ=10.4°, demonstrated that the graphene 
structure with new oxygen containing groups was 
formed successfully by the strong oxidation 
reaction on the graphite. 
 

3.1 Influence of Contact Time  and Initial 
MTZ Concentration  

 
The influence of contact time on MNZ sorption by 
GO was studied (Fig. 2). The results show that 
adsorption capacity (qe) increased with an 
increase contact time for all concentrations and 
sorption of MNZ is rapid, and more than half the 
amount of MNZ is remove in the first 30 min; 
thereafter, the sorption rate decreases gradually 
and reaches the equilibrium in 75 min. Thus, 
optimum contact time of 75 min was selected for 
further studies. The MNZ adsorption rate is high 
at the beginning of the experiment because 
initially the adsorption sites are more available 
and MNZ ions are easily adsorbed on these sites 
[24,25]. 

 

  
 

Fig. 1. XRD of graphite and graphite oxide 
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3.2 Influence of Stirring Rate  
 
Stirring rate influences the distribution of the 
solute in the bulk solution and formation of the 
external boundary layer [26]. The influence of 
stirring rate on the removal of MNZ by the                  
GO sorbent was examined by changing the 
stirring rate between 0 (without stirring) to 300 
rpm, while keeping all other experimental 
conditions constant. It was observed (as in Fig.  
3) that with a fixed stirring time, an increase in 
the stirring rate up to 300 rpm caused an 
increase in the sorbents capacity and decreased 
equilibrium liquid-phase concentrations (Ce) 
which leveled off at a higher speed. Thus,                                            
the stirring rate of 250 rpm ensured that the               

solid was completely and homogenously 
suspended in the solution, and hence, the  
further increase in the stirring speed had no 
significant effect on the sorption capacity [27,28]. 
So, the stirring rate of 250 rpm was chosen as 
the optimum speed for all the sorption 
experiments. 
 

3.3 Adsorption Isotherms  
 
Study of adsorption equilibrium isotherms is an 
important step in investigating adsorption 
processes since it makes it possible to identify 
the relationship between the amounts of MTZ 
adsorbed and in solution, after equilibrium is 
reached.  

 

 
 

Fig. 2. Effect of contact time and initial MTZ conc entration (pH = 7, dose: 2 g/L and temp 30  ℃ 
and stirring rate 200 rpm) 

 

 
 

Fig. 3. Effect of adsorbent dose (Contact time = 75  min, pH = 7, Con: 50 mg/L and temp 30  ℃ 
and dose: 2 g/L) 
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Although linear regression has been widely used 
to estimate the isotherm parameters, the way the 
linearization of non-linear isotherm expressions 
is done may lead to different changes in error 
distributions and violation of the normality 
suppositions of the least-square method, which 
makes linearization an in appropriate approach 
[29]. A computer program has been used for the 
estimation of coefficients based on non-linear 
optimization technique. The value of the mean 
absolute percentage error [30,31]. 
 
The following equation has been selected as a 
test criterion for the fit of the correlation and used 
to estimate the isotherm parameters of Langmuir, 
Freundlich, Toth and Redlich-Peterson models 
for a better understanding of the interactions 
between adsorbent materials and MTZ adsorbate 
[32]. 
 

% Error = 
�� ������	
�������� �����	�����

�� ������	
�����
× 100    (1) 

 
3.4 Langmuir Adsorption Isotherm  
 
The Langmuir isotherm is based on the 
assumption that adsorption takes place at 
specific homogeneous sites within the adsorbent 
and there is no significant interaction among 
adsorbed species. The adsorbent is saturated 
after one layer of adsorbed molecules is formed 
on the adsorbent surface. The Langmuir 
isotherm is represented by Equation 2 [33,34]: 
 

q� �
����

�����
                                                 (2) 

 
Where q is the monolayer capacity of the 
adsorbent (mg/g) and b is the Langmuir 
adsorption constant related to the energy of 
adsorption (L/mg). In this work, the Langmuir 
isotherm best fits the experimental data for lower 
values of Ce, indicating that initially the 
adsorption process occurs as a monolayer 
phenomenon. However, this mechanism does 
not persist under higher concentration ranges 
and in these cases the adsorption seems to be a 
multilayer process.  
 
3.5 Freundlich Adsorption Isotherm  
 
The Freundlich isotherm model takes multilayer 
and heterogeneous adsorption into account. The 
Freundlich isotherm model is given by Equation 3 
[35,36]: 
 

q� = �  !"

#

$                                              (3) 

Where KF (L/mg) and n are Freundlich isotherm 
constants, indicative of the saturation capacity 
and intensity of adsorption. It is well known that 
1/n values between 0.1 and 1 indicate a 
favorable adsorption. As shown in Table 2, 1/n 
values lower than unity that implies stronger 
interaction between MTZ adsorbent and GO. 
 
3.6 Redlich-Peterson Isotherm  
 
Redlich-Peterson is an empirical equation, with 
three parameters, which is capable of 
representing adsorption equilibrium over a wide 
concentration range. This equation has the form 
[37,38]: 
 

q� �  
α% �� 

���% ��
β                                             (4) 

 
Where &' (L/mg), (' (L/mg) and β are the 
isotherm constants. This equation is an empirical 
one and reduces to Henry's law, Freundlich or 
Langmuir under appropriate condition. The 
Redlich-Peterson model incorporates the 
characteristics of Langmuir and Freundlich 
isotherms into a single equation. Two limiting 
behaviors exist, i.e., Langmuir form for β equal to 
1 and Henry's law form for β equal to 0. The β 
values are far from unity in adsorption of MTZ 
(Table 2). This means that the data can't 
preferably be fitted with the Langmuir model for 
these GO. 
 
3.7 Toth Isotherm  
 
Toth has modified the Langmuir equation to 
reduce the error between experimental data and 
predicted values of equilibrium adsorption data. 
The application of his equation is best suited to 
multilayer adsorption similar to BET isotherms, 
which is a special type of Langmuir isotherm and 
has very restrictive validity. The Toth isotherm 
model is given by Equation 5 [39,40]: 
 

                                   (5) 
 
Where qe is the adsorbed amount at equilibrium 
(mg/g), Ce the equilibrium concentration of the 
adsorbate (mg/ L), qt the Toth maximum 
adsorption capacity (mg/g), KT the Toth 
equilibrium constant, and nT is the Toth model 
exponent. The parameters obtained for Toth 
isotherms are shown in Table 2 and were used to 
identify the models that best fit the experimental 
data.  
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In general, the data obtained from the adsorption 
isotherms experiments appeared to be well 
represented by all theoretical models tested. It 
was found that the Langmuir isotherm for MTZ 
gave an excellent overall fit. Among the 
parameter models investigated in this study, the 

better known Freundlich  isotherm gave the worst 
fitting for MTZ with (% error=14.3), if compared 
to the rest of models. Whereas, the rarely used 
Redlich-Peterson isotherm gave much better 
fitting for MTZ with (% error=0.978) only. The 
isotherms plot is shown in Fig. 4 a-d. 

 

Table 2. The adsorption isotherms constants for the  removal MTZ onto GO 
 

Langmuir Freundlich 
qe b R2 % Error K F 1/n R2 % Error 
89.7 0.39 0.998 5.3 12.2 0.41 0.917 14.3 

Toth  Redlich -Peterson  
qT KT R2 % Error )* +* R2 % Error 
98.4 0.47 0.937 3.2 31.8 0.51 7.6 0.976 

 

  
(a) (b) 

  
(c) (d) 

 

Fig. 4. isotherm models for the adsorption of MTZ a dsorption onto GO, (a) Langmuir (b) 
Freundlich (C) Redlich-Peterson (d) Toth 

 

Table 3.  Thermodynamic parameters for sorption of MTZ on GO 
 

T (K) qe (mg/g)  KC ∆G° (kJ/mol)  ∆H° (kJ/mol)  ∆S° (J/mol K)  
298 75.22 1.15 - 0.346  

32.86 
 
7.93 308 80.46 1.28 - 0.632 

318 86.38 1.44 - 0.964 
328 84.1 1.62 - 1.315 
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3.8 Thermodynamic of the Sorption of 
MTZ on GO  

 
Thermodynamic of the sorption of MTZ by the 
GO sorbent was studied by varying the 
temperature in the range of 298–318 K under 
other optimized conditions (Table 3). As it is 
observed, an increase in the temperature from 
298 to 318 K caused an increase in the MTZ 
removal by GO sorbent. The thermodynamic 
parameters including the Gibbs free energy 
(∆G°), the enthalpy ( ∆H°) and the entropy ( ∆S°) 
were determined using the Equation 6-8 [41-43]: 
 

K- = 
��

��
                                                  (6) 

 
G◦ = − /0 12 �3                                    (7) 

 

ln K-= 
∆78

9
−  

∆:8

9;
                                (8) 

 
Where Ce is the equilibrium concentration (mg/L) 
of the MTZ solution, KC (L/g) is the equilibrium 
constant, qe is the equilibrium adsorption 
capacity (mg/g), ∆G° is the Gibbs free energy 
change in sorption (kJ/mol), ∆S° is the entropy 
change in sorption [kJ/(mol  K)], ∆H° is the 
change in enthalpy in sorption (kJ/mol), T is the 
absolute temperature  (K) and R is the universal 
gas constant [8.314 J/(mol K)]. The calculated 
thermodynamic parameters are also provided in 
Table 3. As it can be seen, the value of Kc 
increased with an increase in the temperature 
from 298 to 328 K, favoring the sorption of MTZ. 
The negative values of ∆G° and the positive 
value of ∆H° at different temperatures indicate 
that the sorption of MTZ is spontaneous and 
endothermic, respectively. The positive values of 
∆S° suggest the increased randomness at the 
sorbent–solution interface during the sorption of 
MTZ from the aqueous solution to the GO 
sorbent [44-46]. 
 
4. CONCLUSION 
  
Adsorption and thermodynamic studies were 
accomplished for the MTZ removal using GO. 
The results show that adsorption processes are 
significantly affected by temperature. The 
thermodynamic studies indicated that the 
adsorption of MTZ onto GO is spontaneous and 
endothermic in nature. Overall, the results 
suggested that the GO is an efficient adsorbent 
for application in treating Metronidazole existing 
in pharmaceuticals wastewater streams. 
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