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Abstract
We investigated the removal of cefixime antibiotic (CEF) from aqueous solution using TiO2 nanoparticles (TiO2-NPs) in the 
present study. The TiO2-NPs, which were successfully synthesized using sol–gel method, were characterized by X-ray diffrac-
tion, scanning electron microscopy and Fourier transformation infrared spectroscopy (FT-IR) techniques. The removal of CEF 
using synthesized TiO2-NPs as a photocatalyst with ultraviolet (UV) light was evaluated by the UV spectroscopic method. 
The optimum parameters for removal of CEF using TiO2-NPs such as contact time, pH of solution, initial concentration of 
CEF and dosage of TiO2-NPs were systematically studied and found to be 90 min, 6.0, 80 ppm and 0.1 mg/mL, respectively. 
The degradation efficiency of about 90% was achieved under the optimum conditions. Experimental kinetic results, which 
were fitted by the pseudo-second-order model, were much better than with pseudo-first order. The changes in surface charge 
of TiO2-NPs and surface functional groups were evaluated by zeta potential measurements and FT-IR, respectively. Based 
on UV spectroscopy, FT-IR spectroscopy and zeta potential measurements, we demonstrate that the removal mechanism of 
CEF is photocatalytic degradation by TiO2-NPs catalysis than adsorption of CEF onto TiO2.

Keywords  Photocatalytic degradation · Adsorption · TiO2 nanoparticle · FT-IR · Cefixime

Introduction

Since the last two decades, intensive antibiotics for human, 
veterinary and agricultural purposes have increased rap-
idly (Dı́az-Cruz et al. 2003; Hirsch et al. 1999; Kümmerer 
2009; Le Corre et al. 2012). Cefixime (CEF) belongs to the 
third generation of beta lactam antibiotics that are widely 
used in many daily activities. The consumers of CEF rise 
significantly by the effective against susceptible bacteria 
since the injection of the middle ear, urinary tract infec-
tions, gonorrhea while some respiratory illnesses such as 

pneumonia, bronchitis, laryngitis have also increased (Golcu 
et al. 2005; Jain et al. 2010). CEF is a primary candidate for 
switch therapy owing to its good efficiency and safety pro-
file. CEF is used as the most convenient solution, because it 
is safe, effective and cheap to treat many diseases. However, 
the presence of a high concentration of antibiotics in the 
natural environment has been associated with the toxicity 
and the prevalence of resistance to antibiotics and bacterial 
species increase (Kitamura et al. 1990; Magit et al. 1994; 
Schwartz et al. 2003). The residual CEF eliminated into the 
water environment can cause serious pollution.

Many researchers have investigated the treatment meth-
ods to remove organic pollutants from the water environ-
ment (Ayodele 2013; Grčić et al. 2012; Klauson et al. 
2010). The techniques are based on biological processes, 
chemical processes, physical processes or a combina-
tion of some of them (Ayodele 2013; Fakhri and Adami 
2014; Guo and Chen 2015; Michael et  al. 2013). The 
processes have been used for removing pollutants from 
aqueous solution such as membrane process, ozonation 
(Akmehmet Balcıoğlu and Ötker 2003), fenton oxidation 
(Karthikeyan et al. 2012), adsorption (Gupta et al. 2005, 
2009, 2013; Gupta and Nayak 2012; Mittal et al. 2009; 
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Pham et al. 2014, 2015a, b, 2017a, b, 2018; Saleh and 
Gupta 2014; Zare et al. 2016) and photocatalytic degrada-
tion using ultraviolet–visible (UV–Vis) irradiation (Gupta 
et al. 2011, 2012; Saravanan et al. 2013a, c, 2015b, 2016, 
d). Among them, photocatalytic degradation is one of the 
most effective techniques for treating residual pharmaceu-
tical products in water and wastewater (Fang et al. 2011; 
Gupta et al. 2012; Herrmann et al. 1993; Santiago-Morales 
et al. 2013; Sousa et al. 2013). This method can apply to 
remove both organic and inorganic pollutants. Guo and 
Chen (Guo and Chen 2015) investigated the removal of 
cephalosporins using alga-activated sludge, while the 
group of Pourtaheri studied photocatalytic degradation of 
CEF using incorporated NiO onto clinoptilolite nanoparti-
cles (Pourtaheri and Nezamzadeh-Ejhieh 2015). Although 
the authors focused on the removal of CEF, various com-
plicated pretreatment steps were required. For developing 
countries, a simple and high efficiency for treating CEF is 
preferable. Nevertheless, no studies regarding the release 
of CEF from aqueous solution using TiO2 nanoparticles 
(TiO2-NPs) have been reported. The TiO2-NPs have high 
specific surface area so that adsorption of CEF on the TiO2 
surface can occur. The confirmation of removal of CEF 
using TiO2-NPs by photocatalytic degradation or adsorp-
tion has not been published.

The synthesized procedure of TiO2-NPs is also impor-
tant because it highly influences the removal efficiency of 
CEF. The preparation of TiO2-NPs can be conducted by 
various methods, such as vapor deposition, solvothermal, 
electrochemical, micelle and inverse micelle, combustion 
flame-chemical vapor condensation, plasma evaporation 
and sol–gel (Grčić et al. 2012; Joseph et al. 2008; Pourta-
heri and Nezamzadeh-Ejhieh 2015; Praveena et al. 2011; 
Shojaie and Loghmani 2010; Song et al. 2011).

In the present study, we used the sol–gel method 
because it is one of the simplest techniques to synthe-
size TiO2-NPs. The effective conditions for fabrication of 
TiO2-NPs including initial concentration, pH of solvent 
and calcination time were studied. Characterizations of 
TiO2-NPs were examined by X-ray diffraction (XRD), 
scanning electron microscopy (SEM), transform infrared 
spectroscopy (FT-IR) and zeta potential measurements. 
For determining CEF concentrations, UV–Vis spectros-
copy method was used due to its convenience, simplic-
ity, ease of use and being inexpensive (Attimarad et al. 
2012; Kandhro et al. 2013; Kitamura et al. 1990; Magit 
et al. 1994; Mallick et al. 2008; Midtvedt 2008; Pourtaheri 
and Nezamzadeh-Ejhieh 2015). To our best knowledge, 
this is the first systematic report regarding the removal of 
CEF from aqueous solutions using synthesized TiO2-NPs. 
We also investigate the optimum conditions for treating 
CEF such as contact time, pH of solution and dosage of 
TiO2-NPs. The degradation mechanisms of CEF using 

TiO2 nanoparticles are also proposed based on UV–Vis, 
FT-IR and zeta potential measurements.

Experimental

Materials and chemicals

Vietnam National Institute of Drug Quality Control supplied 
an Asian standard of cefixime, CEF (C16H15N2O7S2), with 
purity higher than 99%. The chemical structure of CEF is 
indicated in Fig. 1.

Organic solvents such as methanol and ethanol with ana-
lytical grade were purchased from Scharlau (Spain). The 
stock solution of 1000 ppm CEF was prepared and kept in 
a dark bottle in a refrigerator at 8 °C for 1 week. Tetrabu-
tylorthotitanate (TBOT) (C16H36O4Ti, Merck, Germany) 
was used to synthesize TiO2-NPs. Phosphoric acid, boric 
acid, sodium acetate, ammoniac and ammonium chloride, 
of analytical grade (Merck), were used to prepare the buffer 
solution from pH 2 to pH 10. Other chemicals were pur-
chased from Merck with analytical grade. A UV-C lamp 
with wavelength from 280 to 100 nm (Ballast) was used in 
the photoreactor in the photocatalytic degradation process. 
Ultrapure water system (Labconco, USA) with resistivity 
18.2 MΩ.cm was used to produce ultrapure water in prepar-
ing solutions and in all measurements.

Preparation of TiO2 nanoparticles

We used the procedure described by Wu and coworkers (Wu 
et al. 2005) to synthesize TiO2-NPs in the present study. 
Firstly, a solution of 70 mL of ethanol was put in a beaker, 
and then 35 ml of TBOT with 0.46 mL concentrated nitric 
acid was added to form an oxidation inhibitor (A solution). 
This solution was thoroughly stirred to make a sol. Another 
70 mL ethanol with was mixed well with 10 mL ultrapure 
water (B solution). After that, the solution was continuously 
stirred for 40 min and then we added the B solution into A 

Fig. 1   The chemical structure of cefixime (CEF)
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solution with stirring until the sol became a gel. Secondly, 
the gel was dried in a drying cabinet at 95 °C for 24 h. In 
the next step, we ground the dry gel to a powder. Finally, 
the powder was calcined at 500 °C for 2 h before cooling 
to room temperature in a desiccator. Finally, the powder 
was well grinded to form nanosized TiO2. The schematic 
representation of the fabricated procedure of TiO2-NPs is 
described in Fig. 2.

Photocatalytic degradation experiments

Photocatalytic degradation experiments were performed in a 
cylindrical laboratory batch reactor. Novel reactor configura-
tions with a volume of 100 mL contained the sample and a 
magnetic stirrer in the presence of Ballast UV-C light with 
the primary emission output under a wavelength of 280 nm 
used as the source of UV-C irradiation. The photoreactor is 
schematically represented in Fig. 3. The sample was put in 
a glass cylindrical vessel enclosed by a silver shell to avoid 
the UV radiation effect on the human body. The cooling 
bath was used to keep the temperature constant at all condi-
tions. The stirring bar was continuously worked to disperse 
TiO2-NPs in the solution.

Photocatalytic degradation was conducted with differ-
ent conditions of CEF concentration from pH 2 to pH 10. 
The examined concentrations of CEF in the order of 15, 
25, 40 and 50 ppm were prepared from stock solution. The 

contact time was in the range of 15–120 min. The effect 
of TiO2-NPs dosage was studied at the concentrations of 
0.0010, 0.0100, 0.1000 and 1.0000 mg/mL. The reaction 
temperature was kept constant at 24 ± 1 °C by using a pho-
toreactor. All experiments were carried out three times at 
atmospheric pressure.

Fig. 2   Schematic synthesizing process of TiO2 nanoparticles

Fig. 3   Schematic and geometric characteristics of the laboratory 
batch reactor (CBPR)
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Spectroscopic method

The concentrations of CEF were analyzed by the spectro-
scopic method using a UV–Vis spectrophotometer (UV-
1650PC, Shimadzu, Japan) with quartz cuvettes of 1 cm 
optical path length.

The degradation efficiency of CEF was examined by 
the difference of concentration of CEF in aqueous solution 
before and after removal. The degradation efficiency of CEF 
(% D) was calculated using the following equation:

where D is the degradation efficiency, and Ci and Ct are the 
initial CEF concentrations and concentrations of CEF at the 
time t, respectively.

Characterization of TiO2 nanoparticles

X-ray diffraction (XRD) was obtained on a Bruker D8 
Advance X-ray diffractometer with CuKα radiation 
(λ = 1.5418 Å). The intensity of the diffraction peaks was 
recorded in the 20–700 (2θ) range with a step size of 0.03°.

The crystal structure of the TiO2–NPs can be determined 
by power X-ray diffraction (XRD). The average size of nano-
particle was calculated by the Scherer’s equation (Patterson 
1939):

where D is the average crystallite sizes of anatase or rutile, 
K (0.94) is a shape factor, the wavelength of Cu Kα radia-
tion is (λ = 0.1542 nm), β is the full-width at half-maximum 
(FWHM) of the main intensity peak, and θ is the angle of 
diffraction.

The morphology of synthesized TiO2-NPs was examined 
by scanning electron microscopy (SEM, HITACHI S4800, 
Japan).

To evaluate the functional groups of CEF and surface 
modification of TiO2-NPs before and after treating CEF, 
Fourier transform infrared (FT-IR) spectroscopy was per-
formed. The infrared spectra were obtained by an FT-IR 
spectrometer (Affinity-1S, Shimadzu, Japan). All recorded 
spectra were obtained at 25 °C and atmospheric pressure at 
a resolution of 4 cm− 1.

The charging behavior of TiO2 nanoparticles with and 
without degradation of CEF was examined using a Zeta 
phoremeter IV (CAD Instrumentation) at a temperature of 
25 °C, pH = 6 and with a background electrolyte of 1 mM.

The ζ potential was calculated from electrophoretic 
mobility using Smoluchowski’s equation (HS) (Delgado 
et al. 2007):

(1)%D = (C
i
− C

t
) × 100∕Ci,

(2)D =
K�

� cos �
,

(3)� =
ue �

�rs �0
,

where � is the zeta potential (mV), ue is the electrophoretic 
mobility (µms− 1/Vcm− 1), � the dynamic viscosity of the 
liquid (mPa s), �rs the relative permittivity constant of the 
electrolyte solution and �0 is the electric permittivity of the 
vacuum (8.854 × 112 F/m).

Results and discussion

Analytical method

The concentrations of CEF in all measurements were 
determined by UV spectroscopy. The spectra of 25 ppm 
CEF in aqueous solution are indicated in Fig. 4. As can be 
seen in Fig. 4, the spectrum has only one peak at 288.0 nm 
that is characterized for CEF. The spectrum of CEF agrees 
well with previous studies (Attimarad et al. 2012).

Fig. 4   UV spectrum of cefixime with a concentration of 25 ppm has 
maximum absorbance (Abs) at a wavelength of 288 nm
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Characterizations of TiO2 nanoparticles

The characterizations of TiO2-NPs were examined by X-ray 
diffraction (XRD) and scanning electron microscopy (SEM). 
In Fig. 5, the large peaks which occurred at 2θ = 25.265° 
were observed in the XRD pattern of synthesized TiO2-NPs. 
Khataee and coworkers (Daneshvar et al. 2004, 2006, 2005; 
Khataee and Kasiri 2010) indicated that the TiO2 anatase 
phase had peaks at θ = 12.65°, 18.90° and 24.054°, while 
the rutile one was found at θ = 13.75°, 18.10° and 27.20°. 
The appeared peaks of synthesized TiO2-NPs in the present 
study were encountered at θ = 12.65°, 12.85°, 15.40° and 
18.10°. Therefore, the XRD pattern confirms that the main 
morphology of TiO2 in our case is the anatase phase. In 
addition, we can calculate the mean particle sizes of TiO2 
using Scherer’s equation (Eq. 2). The average diameter of 
particles was found to be 26 ± 5 nm.

The surface morphology of TiO2-NPs was examined by 
SEM (Fig. 6). The SEM images of TiO2-NPs were obtained 
with the resolutions of 400 nm (a) and 200 nm (b). As can 
be seen in Fig. 6, the particles agglomerated into bundles 
of flaky spherical morphology. The nanosized TiO2 can 
induce a large specific surface area that is good for photo-
catalcatalytic degradation and adsorptive removal of CEF 
with TiO2-NPs. It implies that the size of TiO2 particles is 
important for the degradation efficiency of CEF in solution. 
For photocatalytic degradation of CEF, TiO2 illuminated 
λ ≤ 390 nm light electrons are excited out of their energy 
level and consequently leave a hole in the valence band to 
give the OH. radicals, which are powerful oxidizing agents. 
These may attack the CEF molecules near the surface of 
TiO2 (Daneshvar et al. 2006). For adsorption of CEF on 
TiO2-NPs, larger specific area induces a higher number of 
sites of adsorbent. Thus, adsorption may induce the removal 
of CEF by TiO2-NPs.

Degradation studies

Effect of time

The effect of time was carried out with a solution contain-
ing of 15 ppm CEF in the presence of 0.10 mg/mL TiO2 
under UV light. 10.0 mL of samples was taken and then 
centrifuged with a high speed of 15,000 rpm for 30 min to 
eliminate TiO2-NPs in the solution. Then, the collected solu-
tions were examined by UV spectroscopy. The degradation 
of CEF as a function of contact time is indicated in Fig. 7. 
As can be seen in Fig. 7, the degradation efficiency of CEF 
increased with increase in time. The maximum degrada-
tion efficiency which was about 90%, was achieved after 
90 min. This result suggests that the required time for the 
degradation process is 90 min. Figure 7a also shows that 
at the first step, the degradation achieved with the higher 
efficiency than that at 45 min later due to the decomposition 
of CEF molecular affecting by photocatalyst of TiO2-NPs. 
In Fig. 7b, the absorbance of CEF decreased rapidly after 
15 min. The attraction of CEF molecules to the TiO2 surface 
can induce the reaction that occurs steadily initially than at 
the final process. This can be explained following the reac-
tions shown by Daneshvar et al. (Daneshvar et al. 2003). The 
lifetime of OH− was not so long that it could not react with 
the nearby CEF molecules.

Effect of pH

The pH of the solution plays an important role in the degra-
dation of CEF by TiO2-NPs because it can influence the sur-
face charge, effective catalysis of TiO2 and charging behav-
ior of CEF. The effect of pH on the degradation of CEF was 
conducted in the pH range 2–10 (Fig. 8a). The degradation 
efficiency of CEF increased from pH 2 to pH 6 and then 

Fig. 5   X-ray pattern of synthe-
sized TiO2 nanoparticles
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decreased from pH 6 to pH 10. The standard deviations of 
three replicates at pH 6 are also small, indicating that the 
experiments have good repetitiveness. Thus, the optimum 
pH was 6 in which a degradation efficiency of about 90% 
was achieved. According to the previous paper (Pourta-
heri and Nezamzadeh-Ejhieh 2015), the authors studied a 
heterogeneous photocatalyst using NiO nano-clinoptilolite 
(0.25 mg/mL of 13.3% NiO) under irradiation from an Hg-
lamp for 250 min. The degradation efficiency of CEF was 
obtained under 80%. In the present work, the degradation 
efficiency reached up to 90%, while the required time was 
only 90 min. It demonstrates that the TiO2 here is effec-
tive material for removal of CEF compared with NiO. Other 
materials such as ZnO nanoparticles, ZnO–CdO, ZnO–V2O5 

or ZnO–Ag nanocomposite were used in photocatalysis to 
remove organic contaminants, but the degradation efficien-
cies were not so high (Arun Jose et al. 2012; Saravanan 
et al. 2013a, b, c, 2015a, b, 2016). Although TiO2-NPs is 
not a very cheap material, it seems to be a novel one for the 
removal of antibiotics from aqueous solution. The degrada-
tion efficiency of CEF was also studied following the time 
with different pH values of 3, 6 and 9 under UV light for 
90 min (Fig. 8b). The degradation efficiency of CEF at pH 
6 is always higher than that at pH 3 and at pH 9. It suggests 
that pH significantly affects the stability of CEF and the 
activity of TiO2 catalyst.

Let us discuss the effect of pH on the efficiency of degra-
dation processes in more detail. Titania has an amphoteric 
behavior, so that the change in surface charge of TiO2 is 
strongly dependent on pH. When the pH of the solution is 
toward neutral condition, the valence band h+

VB
 can react 

with water to produce not only the hydroxyl radical, but 
also the proton can break the stable structure of CEF, since 
the structure of CEF at lower pH is in symmetrical balance 
which is more stable than the CEF structure in a neutral 
solvent (Hoffmann et al. 2012). Thus, CEF can be easily 
removed with a neutral pH solvent. It should be noted that 
the TiO2 is less reactive in acidic solvent. After absorbing 
UV light, TiO2 can produce the OH− radical in alkaline solu-
tion and then both OH− radical and H+ are formed induc-
ing a neutral solution (Daneshvar et al. 2006). Therefore, 
the optimum pH for degradation of CEF under UV/ TiO2 
catalysis is pH 6.

The effect of TiO2 dosage

The dosage has a significant effect on the degradation pro-
cess, because it can influence the total specific surface area 
of particles and the number of binding sites (Pham et al. 
2017a). The tests were taken at different amounts of catalyst. 
Figure 9 indicates that the degradation efficiency was low-
est when using TiO2-NPs without UV light. On the other 
hand, the degradation efficiency increases with an increase 
of TiO2 dosage from 0.001 to 10 mg/mL (Fig. 9). The opti-
mum dosage of TiO2 was 0.1 mg/mL, while the degrada-
tion efficiency was found to be about 90%. When the dosage 
increased higher than 0.1 mg/mL, the degradation efficiency 
decreased due to the fast flocculation at high concentration 
of TiO2-NPs. Furthermore, with an increase of the dosage of 
catalyst, the opacity of the suspension increases, as a result 
of excess of TiO2 particles (Gonçalves et al. 1999). When 
the reaction occurs under only UV light, the removal of CEF 
decreases only under 50% after 90 min. These results show 
that CEF can decompose by itself under light, but it is much 
slower than that in the presence of TiO2-NPs. The removal 
of CEF reported in the reference (Pourtaheri and Nezamza-
deh-Ejhieh 2015) is nearly 50% for 90 min. However, when 

Fig. 6   SEM images of TiO2 nanoparticles with different scales. a 
400 nm and b 200 nm
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using TiO2-NPs, the removal of CEF can increase up to 90% 
with the dosage of catalysis 0.1 mg/mL (concentration of 
CEF is 25 ppm). Therefore, the optimum TiO2 dosage is 
0.1 mg/mL and it is fixed for further studies.

The effect of initial cefixime concentration

The initial concentration of CEF was examined with differ-
ent concentrations of 10, 20, 40, 50, 60 and 80 ppm in the 
presence of 0.1 mg/mL of TiO2-NPs under UV-C irradiation. 
As can be seen in Fig. 10, when increasing the initial concen-
tration of CEF, the final CEF concentration decreases with 
increasing concentration, except for the initial concentration 
of 10 ppm. Figure 10 shows that the degradation strongly 
depends on the initial concentration of CEF. In other words, 

the initial CEF concentration has a pronounced effect on 
the degradation rate. The results demonstrate that conver-
sions are less in the solution with higher initial concentration 
compared with the conversion in the lower concentration 
solution. It can be explained by the decrease in the number 
of activated sites on the TiO2 surface due to the conversion 
of the surface with CEF molecules, which is proportional to 
the initial concentration of CEF (Daneshvar et al. 2004). On 
the basis of the above considerations, photocatalytic reaction 
can account for the reaction between the CEF molecules 
and the hydroxyl radical over the catalyst surface. At the 
lowest concentration (10 ppm), the CEF shows less perfor-
mance in reacting with the radials so that the degradation 
efficiency is not high. In addition, when the concentration of 
the catalyst increased up to 80 ppm, the performance of the 

Fig. 7   The degradation effi-
ciency of CEF using TiO2-NPs 
as a function of time. a The 
degradation efficiency changes 
from 0 to 150 min. Error bars 
show the standard deviations of 
three replicates. b The spectra 
of CEF from 220 to 350 nm as a 
function of time with the initial 
concentration of 20 ppm

(a)

(b)
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catalyst fell into an “overload” state, in which the production 
of catalyst radicals was not enough for the react with the 
CEF molecules. As a result, it could reduce the effectiveness 
of the treatment process, which is in good agreement with 
the results of the concentration declining to about 20 ppm.

Kinetic studies of the photodegradation process

The kinetics of photodegradation of antibiotic using 
TiO2-NPs was studied with different initial concentrations 
of CEF. We tried to fit experimental data using the first- and 
second-pseudo-order models.

The first-pseudo-order model equation is:

where Ct and Co are the concentration at the time t and 
the initial concentration respectively, and k is the reaction 
constant.

This model has been applied in the CEF degradation 
process, used to study the kinetics of CEFF degradation. 
The results shown in Fig. 11 do not have a good correlation 
coefficient. Thus, the degradation kinetics did not follow the 
first-order model.

The pseudo-second-order equations are:

where Ci is the initial concentration, C is a constant, K is 
the Langmuir–Hinshelwood adsorption equilibrium con-
stant (ppm− 1), Kobs is the pseudo-second-order rate constant 

(4)R = −
dA

dt
= K C,

(5)lnC
t
= lnC

o
− kt,

(6)R = k
KC

1 + KC
i

= Kobs C,

(7)
1

Kobs

=
1

kk�
+

C
i

k
,

(a)

(b)

Fig. 8   The change in the degradation efficiency of cefixime in the 
presence of 0.1000 g/L TiO2-NPs a at different pH values from 2 to 
10; b by following time at pH 3, pH 6 and pH 9. Error bars show the 
standard deviations of three replicates

Fig. 9   The role of some parameters and TiO2 dosage of the photo-
degradation process. Error bars show the standard deviations of three 
replicates

Fig. 10   The change in the degradation efficiency of CEF with differ-
ent initial concentrations
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(min− 1), and k, k′ are the reaction rate constant of the for-
ward and conversion reaction, respectively.

Figure 12 shows that the second-pseudo-order model 
can fit the kinetic data well with the correlation coefficient 
higher than 0.98, while initial concentration of CEF ranges 
from 10 to 60 ppm. However, at the CEF concentration of 
80 ppm, this kinetic model seems not to be very good. It 
suggests that in this case, the auxiliary mechanism such 
as the adsorption process can be induced at high CEF 
concentration.

The results in Figs.  11 and 12 show that the first-
pseudo-order model has much lower correlation coeffi-
cient than the second-pseudo-order model. Therefore, the 
kinetic rate can be calculated based on the second-pseudo-
order model.

The mechanisms for degradation of CEF are discussed 
in more detail based on the surface modification by FT-IR 
spectroscopy and zeta potential measurement as given 
below.

Suggested mechanisms

The zeta potential measurements

Electrophoretic mobility measurement is a useful technique 
to characterize the charging behavior of many materials 
(Huang et al. 2017; Kobayashi 2008; Pham et al. 2017a, 
2018; Yamaguchi and Kobayashi 2016). The zeta potentials 
calculated from the electrophoretic mobility of TiO2-NPs 
before and after photodegradation of CEF were obtained 
in a buffer solution at pH 6. Figure 13 shows that the mean 
of zeta potential of TiO2-NPs is − 34.99 mV and it changes 
slightly to − 37.79 mV (examined at the same conditions) 
after CEF treatment.

At pH 6, CEF has negative charge so that the zeta poten-
tial of TiO2 with CEF decreases. If the adsorption induces 
the removal of CEF mainly, the zeta potential must be sig-
nificantly changed. However, the decrease in zeta potential 
after CEF treatment is too small that adsorption is not the 

Fig. 11   The kinetics of CEF 
photodegradation calculated by 
the first-order model

Fig. 12   The kinetics of CEF 
photodegradation calculated by 
the second-pseudo-order model
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main process in this case. These results are in good agree-
ment with previously published papers (Huang et al. 2017; 
Pham et al. 2018).

The change in the UV–Vis spectrum

Figure  14 shows the change in the UV spectrum of 
CEF after treatment. The characterization peak of CEF 
at 288 nm disappeared after using TiO2-NPs and under 
UV-C light for 90 min. It should be noted that only using 
UV radiation for treating CEF, its concentration was 
decreased, but the spectrum still occurred (not indicated 

here). The photocatalytic degradation process under UV 
light using TiO2-NPs catalyst is also used to remove many 
organic compounds (Daneshvar et al. 2004, 2006). To 
study the mechanism, the surface active groups of TiO2 
before and after CEF treatment were evaluated. The spec-
trum of CEF solution before treating using TiO2-NPs was 
also conducted with the same conditions to compare with 
the spectrum of CEF solution after photodegradation. As 
can be seen in Fig. 14, the specific peak characterized 
for CEF at 288.0 nm disappeared after treatment, indi-
cating that the photocatalytic degradation was completely 
achieved with very high efficiency.

Fig. 13   The distribution of zeta 
potential of TiO2 before CEF 
treatment (a) and after CEF 
treatment (b)
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FT‑IR spectra

The Fourier transform infrared spectroscopy (FT-IR) is a 
useful tool to characterize functional groups for the removal 
of organic pollutants compared to the results of FT-IR of 
TiO2 before and after treatment; however, the change in the 
spectra is not too great. In all the FT-IR spectra, a strong 
absorption band in the region 3000–3600 cm− 1 dominates. 
This band characterizes the OH-stretching vibrations of free 
and hydrogen-bonded surface hydroxyl groups. Water mol-
ecules can be strongly or weakly attached to the titanium 
surface forming a number of broad OH-stretching vibrations 
(inset in Figs. 15 and 16). The typical peaks of TiO2 from 
1200 to 1700 cm− 1 changed after treatment with CEF. In 
Fig. 15, we can see that some main peaks of the character-
ized groups of TiO2 occurred at 1700 and 2300 cm− 1, but 

after CEF treatment these peaks disappeared (in Fig. 15b). 
Based on this, the photodegradation process has changed 
the structure of TiO2. The results were examined again in 
comparison with the FT-IR spectra of CEF before treat-
ment and after treatment (Fig. 16). A second typical absorp-
tion region of TiO2 at 1200–1700 cm− 1 was reported and 
assigned to typically adsorbed water (H–O–H bending, peak 
at 1636 cm− 1) and carbonate peaks at 1480 and 1410 cm− 1. 
Prida et al.(Prida et al. 2007) indicated that the vibrations of 
carbonate interlayer ions in ternary hydrotalcite-like heyered 
double hydroxides occurred in the region of 870, 1360 and 
640 cm− 1. According to the results of FT-IR, the process 

Fig. 14   The spectrum of CEF after photodegradation under UV light 
and TiO2 catalysis

Fig. 15   FT-IR spectra of TiO2-NPs a without CEF treatment and b 
after using for removal of CEF

Fig. 16   FT-IR spectrum of CEF a before treatment and b after treat-
ment
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mainly followed the photocatalytic mechanism, which is in 
good agreement with zeta potential measurements and the 
change in the UV spectrum.

Conclusions

We have studied the degradation of cefixime antibiotic 
(CEF) using synthesized TiO2 nanoparticles (TiO2-NPs) 
with UV-C irradiation light for the first time. The TiO2-NPs 
were successfully synthesized by the sol–gel method under 
operating conditions. The characteristics of TiO2-NPs were 
examined by the XRD, SEM and FT-IR methods. Some 
effective parameters on the photodegradation of CEF were 
optimized such as contact time 90 min, pH 6.0, dosage of 
TiO2-NP 0.1 mg/mL and initial concentration 80 ppm. The 
photodegradation kinetics followed a second-pseudo-order 
model than the first-pseudo-order model. Under optimum 
conditions, a degradation efficiency of about 90% was 
achieved, with initial concentration of CEF of 25 ppm. Due 
to the differences in the surface functional group before and 
after treatment by FT-IR, surface charge change by zeta 
potential measurement and degradation of CEF by UV spec-
troscopy, we suggested that the removal of CEF was mainly 
by photocatalytic degradation than adsorption. Our results 
indicate that photocatalytic degradation using TiO2-NPs is 
a novel material to remove beta lactam antibiotic from aque-
ous solution.
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