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a b s t r a c t

Considering the risk and importance of antibiotics, especially ciprofloxacin, the allowable discharge 
level should be reached before disposal to the environment. The aim of this work is to study the 
application of nickel oxide nanoparticles (NiO NPs) as an efficient adsorbent to remove ciprofloxacin 
(CIP) from its aqueous solution. Batch experiments were carried out in order to determine the effect 
of different parameters such as pH of the solution (3–8), contact time (20–120 min), initial CIP con-
centration (50–200 mg/L) and dosage of NiO NPs (0.04–0.14 g/L) on ciprofloxacin adsorption using 
NiO NPs. The morphological properties of the NiO NPs were described through the Atomic Force 
Microscope (AFM), Vibrating Sample Magnetometer (VSM), Dynamic Light Scattering (DLS), X-ray 
diffraction (XRD) and Fourier transform infrared (FT-IR) techniques. Removal efficiency of 99.8% 
was obtained at pH of 3, nanoparticle dosage of 0.08 g/L, contact time of 100 min, and initial CIP con-
centration of 200 mg/L at temperature of 25 ± 2°C. The adsorption experimental data were found to 
fit best into the pseudo-second-order kinetic model (R2 = 0.999) than the pseudo-first-order model (R2 
= 0.214) which suggests a chemical adsorption process. The Freundlich adsorption isotherm model 
best described the removal of ciprofloxacin on NiO NPs (R2 = 0.988). Maximum adsorption capacity, 
qm of 99.81 mg/g was obtained. The adsorption of ciprofloxacin on NiO NPs was found to be favorable 
since the intensity of adsorption lies within 1 and 10. Based on the results obtained, it could be con-
cluded that the NiO NPs can efficiently remove ciprofloxacin from its aqueous solutions.
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1. Introduction

Unused therapeutic drugs are sometimes disposed into 
the sewage system. If these drugs are not degraded or elim-
inated from the contaminated media, example, through 
sewage treatment, they will eventually reach the surface 
and ground waters posing a great threat for drinking water 
sources [1]. Ciprofloxacin (CIP) classified in fluoroquino-

lone class (irresolvable antibiotics [2]) has been widely 
applied for the treatment of intra-abdominal infections, 
certain type of infectious diarrhea, respiratory tract infec-
tions and urinary tract infections [3] with good results [4]. 
These antibiotics have a stable naphthol ring which is toxic 
for microorganisms and makes them persistent in the envi-
ronment [1].

Several methods were reported for the removal of anti-
biotics from aqueous environments including nano-filtra-
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tion [5], Fenton [6], advanced oxidation methods [7] and 
electrochemical-assisted photocatalysis [8]. The adsorp-
tion method is widely used due to its advantages such as 
simplicity, low-cost and so on [9,10]. In addition, a recent 
method for the removal of pollutants in aqueous environ-
ments, the heterogeneous photocatalysis using UV-radia-
tion and quantum dots (QDs) is an interesting technique 
for the treatment of water contaminated with organic 
materials [11]. A study by Rajabi et al. utilized ZnS QDs, 
as a pure and doped with Fe3+ for photodecolorization of 
malachite green (MG). The synthesis of QDs was done 
using the chemical precipitation method in the presence of 
2-mercaptoethanol as a capping agent. Maximum removal 
of malachite green was obtained at 80 mg/L of photocata-
lyst and pH of 8.0. Results showed that the pure ZnS QDs 
and Fe3+ doped ZnS QDs presented high MG removal effi-
ciency [11]. Another study by Rajabi and Farsi (2015) syn-
thesized pure and transition metal ions (Mn2+, Co2+, Ni2+ 
ions) doped QDs. The photocatalytic activities of the pre-
pared ZnS QDs for the removal of methyl violet were stud-
ied. The results demonstrated that doped QDS (for 5% of 
dopants) effectively decolorized the cationic dye, methyl 
violet presenting a positive photocatalytic improvement 
over pure ZnS nanoparticles [12].

Different carbon adsorbers like activated carbon have 
been used to remove organic and mineral pollutants [13,14]. 
Recently, some features such as high surface area, and 
unusual adsorptive properties of metal oxide nanoparticles 
have attracted the attention of many researchers towards 
the synthesis of nanoparticles [15]. Nickel oxide (NiO) 
nanoparticles are very important metallic oxide because 
of its magnetic and chemical properties [16]. It is believed 
that the chemical and physical properties of nanoparticles 
are related to their method of synthesis [17]. The ultrafine 
nickel oxide particles have found applications in differ-
ent fields such as film reel production, magnetic elements, 
ceramics and batteries [17].

So, taking note of these advantages mentioned above, 
nickel oxide nanometer-sized particles were synthesized 
using the co-precipitation method. Their structural, mag-
netic, and morphological properties were characterized via 
the XRD, VSM, FTIR, and DLS techniques. Finally, the syn-
thesized nickel oxide nanoparticles were characterized as a 
potential nano-adsorbent in terms of their ability to remove 
ciprofloxacin from its aqueous solution.

The main purpose of this study is to examine the appli-
cation of nickel oxide nanoparticles (NiO NPs) as a poten-
tial nano-adsorbent for the removal of ciprofloxacin from 
its aqueous solution. The impact of various factors such as 
contact time, adsorbent dosage, pH and initial concentra-
tion of ciprofloxacin on the adsorptive removal of cipro-
floxacin were studied. The adsorption experimental data 
was also fitted into the adsorption isotherm and kinetic 
models.

2. Materials and methods

2.1. Materials

Ciprofloxacin (purity > 99.6% and molecular formula: 
C17H18FN3O3HClH2O) was supplied by Sigma-Aldrich, 
USA. All reagents were of analytical grade and purchased 

from Merck (Germany).They were used as purchased with-
out any further purification.

2.2. Preparation of nickel oxide nanoparticles

The NiO NPs were prepared by the co-precipitation 
method using a previously described method [18]. Then 
NiO NPs was calcined (annealed) at 700°C.

2.3. Characterization of NiO nanometer-sized particles 

Atomic Force Microscope, AFM(A/S DK-2730 (Den-
mark)) was used to determine themorphological property 
of the nickel oxide nanoparticles. The AFM characterization 
was carried out at room temperature in a non-contact mode. 
The magnetic behavior of the NiO NPs was studied via the 
vibrating sample magnetometer (VSM) technique (Kavir 
Precise Magnetic instrument, MDKFT, Iran). The size of 
nanoparticles was obtained by the dynamic light scattering 
(DLS) method using a Zetasizer Nano ZS (Malvern Instru-
ments, UK). The X-ray diffraction patterns were taken by 
means of a Philips diffractometer model PW1800 (The 
Netherlands) with CuKα radiation (1.541A0). Fourier-trans-
form infrared spectroscopy (FT-IR) was done on a JASCO 
640 plus machine (400–4000 cm–1) at room temperature to 
detect the functional groups present in the NiO NPs taking 
part in the adsorption of CIP.

2.4. Batch adsorption experiments

The effects of different parameters such as pH (3, 5, 7 and 
8), contact time (20, 40, 60, 80, 100 and 120 min), initial CIP 
concentration (50, 100, 150 and 200 mg/L) and dosage of 
NiO NPs (0.04, 0.06, 0.08, 0.12 and 0.14 g/L) on the adsorp-
tion process were studied. A specified amount of adsorbent 
was added to Erlenmeyer flasks containing 100 mL of the 
solutions to be treated having different concentrations of 
CIP. The pH of the solution was adjusted by adding 0.1 N 
HCl or 0.1 N NaOH. The flask with its contents was stirred 
for a specified time at 150 rpm. The resulting solution was 
centrifuged and the supernatant was analyzed for the resid-
ual CIP concentration. The initial and final CIP concentra-
tions in the solutions were determined using a UV–Visible 
spectrophotometer (Shimadzu Model: CE-1021-UK, Japan) 
at a wavelength of maximum absorbance (λmax) of 275 nm 
[2]. The pH was measured using a MIT65 pH meter. The 
removal efficiency, R (%) was calculated based on the fol-
lowing formula [19,20]:

%
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R
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C
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−0

0

100  (1)

The amount of CIP adsorbed, qe (mg/g) was calculated 
based on the following formula [9,21]:

q
C C V

Me
e=

−( )0  (2) 

where C0 and Ce are the initial CIP concentration and equi-
librium liquid phase concentration of ciprofloxacin (mg/L) 
respectively, Cf is the final CIP concentration, V is the vol-
ume of the solution (L) and M is the amount of adsorbent, 
NiO NPs (g).
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3. Results and discussion

3.1. Physical results and discussion

The atomic force microscope (AFM) technique for the 
determination of the properties of a material offers a three 
dimensional (3D) characterization of nanoparticles with 
sub-nanometer resolution. In other words, AFM is a use-
ful tool for the analysis of the morphology and size of the 
nanoparticles [22]. Fig. 1 shows that the NiO NPs are spher-
ical in shape. Large porosity can also be seen implying the 
availability of a high number of active adsorption sites on 
the material for the trapping of the adsorbate (CIP) [23].

Magnetization characterization of the NiO NPs was 
performed using the vibrating sample magnetometer 
(VSM) technique (Fig. 2). The VSM curve of the NiO NPs at 
fields of –10000 to 10000 Oe at room temperature is shown 
in Fig. 2 which confirms the paramagnetic property of the 
NiO NPs. A magnetic adsorbent is easily removed from the 
water [24]. It was observed that the NiO NPs produced a 
higher value of saturation magnetization (0.8 emu/g) with 
the smallest particle size. It is important to note that par-
ticles in nanoscale size have super paramagnetic property 
[25]. Therefore, the result confirms the formation of NiO 
particles in the nanometer size range.

Fig. 3 shows the size of NiO nano-adsorbents (a) before 
and (b) after adsorption by the dynamic light scattering 
(DLS, Nano-zeta-sizer) at RT. Fig. 3 indicates that the size of 
the nanoparticles increased after adsorption. It is important 
to note that the DLS is a useful technique for obtaining the 
hydrodynamic size of nanoparticles based on their Brownian 
motion within a nanometer-scale colloidal solution [26–28]. 
It is also a useful technique for obtaining the size of nanopar-
ticles based on the scattered light by the particles within a 
colloidal solution. To obtain the nanoparticle size by the DLS 
technique, the field autocorrelation function of scattered light 
from nanoparticles as a function of time, g1(q,τ) for a given 
delay time, τ is given by the equation [29,30]:

g q
E q t E q t

I q t
1 ,

, * ( , )

,
τ

τ( ) =
( ) +

( )
 (3)

where E* is the complex conjugate of E and I(q,t) is the fluc-
tuating scattered intensity.

Experimentally, the intensity autocorrelation function, 
g2 (q, τ) is determined as follows [26–30]:
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The normalized autocorrelation function, g2 (q,τ), is con-
verted to the autocorrelation function of the scattered elec-
trical field, g1(q, τ) by the Siegret relationship [26].

Fig. 1. AFM image of the NiO NPs.
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Fig. 2. Magnetization curve for the NiO NPs.
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Fig. 3. The size distribution of the NiO NPs (a) before and (b) 
after adsorption at RT.
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g2(q,τ) = 1 + |A exp (−Γτ)|2 (5)

where A is an instrumental constant and Γ is the decay rate. 
For a colloidal system containing monodisperse 

micelles, the function, g1(q, τ) is represented by a single 
exponential decay equation [18,26–29]:

g1(q,τ) = A exp (−Γτ)   (6)

In this case, a single exponential function is fitted to 
the normalized autocorrelation function, g1(q,τ) to obtain 
the decay rate and the size according to the intensity of 
the scattered light by the nanoparticles in colloidal solu-
tion. Scattering intensity of light by nanoparticle is propor-
tional to the 6th power of the particle radius. According to 
the above-mentioned theory governing the dynamic light 
scattering (DLS), this tool produces three size distributions 
including intensity, volume, and number related to the 
characterization of the nanoparticles. The size distribution 
by intensity shows how the differently sized particles are 
detected from a fit to the autocorrelation function of the 
measured light scattering by DLS. On the other hand, the 
number and volume distribution are obtained by intensity 
distribution. The number and volume distribution show the 
relative proportion of a number of different sized particles, 
and the volume occupied by the different sized particles.

FTIR tool is a major tool used to identify the functional 
groups present on the adsorbent. It is also valuable to 
check the result of loading the adsorbate on the nano-ad-
sorbent surface. The spectral properties of the adsorbent 
were examined before and after CIP adsorption using the 
FTIR in the range of 400–4000 cm–1 (Fig. 4). It is evident from 
the data (Fig. 4) that the peak intensities changed after CIP 
adsorption on the NiO nano-adsorbents surface. The FTIR 
analysis of the NiO NPs indicates the presence C–Br stretch-
ing of alkyl halides (606.74 cm–1), N–H bend of 1° amines 
(1638.91 cm–1), and C≡N stretch of nitriles (2369.09 cm–1) 
and O–H stretch, H–bonded of alcohols (3472.27 cm–1). O–H 
stretch, H–bonded (alcohols, phenols) are very broad and 
strong band. This band (O–H stretch) took part actively in 
the adsorptive removal of CIP since the hydrogen bond-

ing plays an active role in adsorption processes [30]. After 
CIP adsorption, the intensities of the bands were decreased 
from 606.74, 1638.91 and 3472.27 cm–1 to 552.75, 1638.49 and 
3450.55 cm–1, respectively. The peak C≡N stretch of nitriles 
(2369.09 cm–1) disappeared while a new band of C–H stretch 
bend of alkynes (702.18) was formed. This change in the 
peaks indicates the interactions of adsorbate with the func-
tional groups of the adsorbent [31].

The XRD pattern of the NiO NPs calcined at 600°C is 
shown in Fig. 4. The XRD peaks are located at angles (2θ) 
of 37.40, 43.17 and 62.86 corresponding to (111), (200) and 
(220) planes of the NiO NPs. The average crystallite size (D) 
of magnetic nanoparticles was calculated by the Scherer for-
mula (Dh,k,l = 0.9λ/βh,k,lcosθ, where λ is the wavelength (1.542 
Å) (CuKα), β is the full width at half maximum (FWHM) of 
the line, and θ is the diffraction angle) [32,33]. The average 
diameter of the adsorbent (D) was calculated to be 24 nm.

3.2. The effect of pH

The parameter, pH directly influences the electrostatic 
interaction between compounds in the adsorption process 
[29]. The influence of pH on the removal of CIP and the 
amount of CIP adsorbed (qe) on NiO NPs surface are shown 
in Fig. 6. It is clear from Fig. 6 that the removal percentage 
of CIP decreased from 97.89% to 91.64% as the pH increased 
from 3 to 8. Many researchers have reported that the 
adsorption process is affected by the cationic and anionic 
forms of the solution due to competition for adsorption 
among the H+ and OH– ions with the adsorbate [34]. In this 
study, the decrease in the removal efficiency of CIP as the 
pH increased may be attributed to electrostatic repulsion 
[35] between the positively charged NiO NPs and cationic 
CIP. The adsorption of CIP was more favorable in the acidic 
environment due to the presence of H+ on the adsorbent 
[21]. The increased amount of H+ and reduction of OH– as 
well as the increase of positive ion can be the reason for the 
reduction in efficiency on the absorbent surface [34]. This 
also due to the competition of CIP with excess OH– ions for 
the adsorption sites at lower adsorption pH [36].

3.3. Effect of adsorbent dosage

The effect of NiO Nano-adsorbent dose on the adsorp-
tion capacity (qe) and removal efficiency of CIP was studied 
by varying the dosages of NiO NPs from 0.04–0.14 g/L (Fig. 
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7). The optimum dosage of nano-adsorbent required for CIP 
adsorption was investigated. It can be seen from Fig. 7 that the 
adsorption efficiency of CIP increased from 98.6% to 99.22% 
as the NiO nano-adsorbent dosage increased from 0.04 to 0.08 
g/L. The amount of CIP adsorbed on NiO NPs (qe) at the opti-
mum dosage of 0.08 g/L was 12.45 mg/g. In detail, the level 
of adsorbate removal significantly depends on the number 
of active sites and by increasing the dosage of nanoparticles 
to an appropriate level, whereby the number of available 
adsorption sites will decrease as a result of decreased adsorp-
tion. But beyond dosage of 0.08 g/L, the removal efficiency 
was decreased which may be due to the fact that the total 
surface area available for the adsorption of MB reduces as a 
result of overlapping or aggregation of adsorption sites as the 
amount of adsorbent dosage is increased [37,38]. 

3.4. Effect of contact time

Effect of contact time (20, 40, 60, 80, 100 and 120 min) on 
the removal of CIP at different antibiotic concentrations (50, 
100, 150 and 200 mg/L) was studied (Fig. 8). From Fig. 8 

it can be seen that the removal of CIP increased as contact 
time increases from 20 to 100 min. Maximum removal of CIP 
was achieved in the first 100 min (99.8%). The adsorption of 
CIP in the initial minutes was high, but the adsorption rate 
decreased (Fig. 9) because of reduced CIP concentration 
and reduction of the active sites present on the adsorbent 
surface [39]. The removal efficiency decreased after 100 min 
because the adsorption sites were occupied [40].

3.5. Adsorption isotherms

Adsorption isotherms are used to determine the rela-
tionship between the amount of adsorbate adsorbed and 
its equilibrium concentration in solution. There are many 
isotherm models for experimental data analysis and 
description of equilibrium in adsorption processes such as 
Langmuir, Freundlich, and Temkin.

The Langmuir isotherm model is presented in Eq. (7) [3,41]:

C
q q k

C
q

e

e m L

e

m

= +
1 1

.  (7)

where qe is the amount of CIP adsorbed (mg/g), qm is the 
monolayer adsorption capacity (mg/g), KL is the Langmuir 
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Fig. 6. Effect of pH on CIP adsorption on NiO NPs. (C0 = 100 mg/L, 
time = 30 min, temp= 25 ± 2°C and NiO NPs dose = 0.04 g/L).
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(C0 = 100 mg/L, time = 30 min, temp = 25 ± 2°C and pH = 3).

Fig. 8. Effect of time on CIP adsorption on NiO NPs. (Dose = 0.04 
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Fig. 9. The amount of CIP adsorbed on NiO NPs. (Dose = 0.04 
g/L, Temp = 25 ± 2°C and pH = 3).
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isotherm constant related to the affinity of the binding sites 
and energy of adsorption (L/mg).

The Freundlich isotherm is shown in Eq. (8) [42]:

Logq
n

C ke e f= +
1

log log  (8)

where qe is the amount of CIP adsorbed (mg/g) and Ce is 
the equilibrium concentration of CIP in solution (mg/L). Kf 
and n are constants incorporating the factors affecting the 
adsorption capacity and intensity of adsorption, respec-
tively. The constants, Kf and n were determined from the 
intercept and slope of the plot of Log qe versus log Ce (Fig. 
10), respectively.

The Tempkin isotherm has been expressed as Eq. (9) 
[3,43]:

qe = B1Ln(AT) + B1 Ln(Ce)  (9)

A plot of qe vs. Ln Ce enables the constants AT and B1 to be 
determined. B1 corresponds to the heat of sorption and A is 
the equilibrium binding constant.

The calculated parameters for the isotherm and kinetic 
models are presented in Table 1. The correlation coefficient 

(R2) was used to determine the kinetic and isotherm model 
that best fits the CIP adsorption process. The Freundlich iso-
therm conformed best to the equilibrium data (R2 of 0.988) 
than the other models. Also, the intensity of adsorption, n 
(7.69) lies within the range of 1–10 (1 < n < 10) which sug-
gests that the adsorption of CIP on NiO NPs is favorable 
[44]. The calculated monolayer adsorption capacity, qm was 
99.81 mg/g. Research data of Dhiman and Sharma (2018) 
fitted best into the Freundlich isotherm than the Langmuir 
and Temkin models [36].

3.6.Adsorption kinetics 

The pseudo-second-order, pseudo-first-order and 
intraparticle diffusion models were applied in this study 
to examine the mechanism behind the adsorption of CIP 
on NiO NPs at pH 3, NiO NPs dosage of 0.08 g/L, and 
CIP concentration of 100 mg/L at temperature of 25 ± 2°C. 
The pseudo-first-order rate equation is defined as Eq. (10) 
[45,46]:

log log( ) ( )
.

q q q
k

te t e− = − 1

2 303
 (10)

where qt and qe are the amounts of CIP adsorbed at time t 
and at equilibrium (mg/g) and k1 is the pseudo-first-order 
rate constant for the adsorption process (min–1). 

The pseudo-second-order model can be represented as 
Eq. (11) [47]:

t
q k q

t
q et

= +
1

2
2

 (11) 

where K2 is the pseudo-second-order rate constant (g mg−1 

min−1), qe and qt are the amounts of CIP adsorbed on the NiO 
NPs (mg/g) at equilibrium and at time t, respectively.

The intraparticle diffusion plot is generally used to 
identify the mechanism involved in an adsorption process 
[48]. The intraparticle diffusion model according to Weber 
Morris is given by Eq. (12) [48,49]:

q k t ct pi= +0 5.  (12)

where c is a constant that provides the information about 
the thickness of the boundary layer, kpi is the intraparticle 
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Fig. 10. Freundlich plot of CIP adsorption on NiO NPs (pH = 3, 
NiO NPs dosage = 0.08 g/L, contact time = 100 min).

Table 1
Calculated isotherm and kinetic parameters for the adsorption of CIP onto NiO NPs at pH 3 and dosage of 0.08 g/L

Isotherm model Kinetic model

Langmuir qm (mg/g) 99.81 Pseudo-first-order qe (mg/g) 2.79
KL (L/mg) 0.018 K1 (/min) 0.003
R2 0.884 R2 0.214

Freundlich Kf (mg/g) 131 Pseudo-second-order qe (mg/g) 833
n 7.69 K2 (g/mg/min) 0.001
R2 0.988 R2 0.999

Temkin A (L/g) 3.6 Intraparticle diffusion c 0.3709
B (J/mol) 128.15 kpi (mg/g min1/2) 0.1036
R2 0. 8127 R2 0.9824
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diffusion rate constant (mg/g min1/2), and qt is the amount 
of ciprofloxacin adsorbed (mg/g) at time t (min.).

The pseudo-second-order kinetic showed the best 
correlation coefficient (R2 = 0.999) suggesting that the 
rate-limiting step is chemisorption [50]. Fig. 11 shows the 
pseudo-second-order kinetic plot for CIP adsorption on NiO 
NPs. A straight line plot of qt vs. t0.5 was obtained but did 
not pass through the origin which shows that intraparticle 
diffusion occurred but is not the rate-determining step [36].

3.7. Comparison with other adsorbents for ciprofloxacin removal

Table 2 shows the adsorption capacities obtained for the 
removal of CIP on various adsorbents. From the table, it 
can be seen that the NiO NPs can be used efficiently for the 
removal of CIP from aqueous environments.

4. Conclusion

The removal for ciprofloxacin (CIP) using nickel oxide 
nanoparticles (NiO NPs) synthesized by co-precipitation 
method have been studied. Optimal conditions obtained for 
the maximum removal of CIP on NiO NPs include initial 

ciprofloxacin concentration of 200 mg/L, pH of 3, NiO NPs 
dosage of 0.08 g/L and the contact time of 100 min which 
resulted in 99.81% CIP removal efficiency. The adsorption 
of CIP on NiO NPs followed the Temkin adsorption iso-
therm and pseudo-second-order adsorption kinetic more 
than the other models. The adsorption process was found 
to be a chemical adsorption process. The results suggest 
that the NiO NPs can be a potential adsorbent for treating 
wastewaters contaminated with ciprofloxacin.
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