Vietnam Journal of Catalysis and Adsorption, 10 —issue 4 (2021) 114-119

Vietnam Journal of Catalysis and Adsorption
Tap chi xtc tac va hap phu Viét Nam

https://chemeng.hust.edu.vn/jca/

Synthesis of S doped TiO, (S-TiO2) to enhance photocatalytic degradation of
Ciprofloxacin in aqueous solutions under visible light

Dang Van Do*, Hoa Thi Thanh Duong, Khang Van An Doi, Viet Minh Nguyen

Faculty of Chemistry, University of Science, Viet Nam National University Ha Noi, 19 Le Thanh Tong, Phan Chu Trinh,

Hoan Kiem, Ha Noi, Viet Nam
*Email: dangdovan@hus.edu.vn

ARTICLE INFO

Received: 15/7/2021
Accepted: 28/11/2021
Published: 02/12/2021

Keywords:

S-TiO;,  photodegradation,
Ciprofloxacin

ABSTRACT

In this study, the sol-gel method was successfully used to synthesize S-TiO> for
efficient photocatalytic degradation of Ciprofloxacin solution under visible
irradiation. These synthesized materials were characterized by various
analytical methods such as XRD, SEM-EDX, FT-IR, and UV diffuse reflectance
spectroscopy (DRS). XRD, SEM-EDX, and FT-IR confirmed the successful
preparation of these materials. The UV-DSR demonstrated that the material
has a lower bandgap in comparison with prime TiOz. The photodegradation
results reported that the 0.33S-TiO> had shown high efficiency in the
degradation of Ciprofloxacin in comparison with TiO. The decomposition of
10 mg/L Ciprofloxacin concentration reached approximately 90% for 150
minutes of visible light irradiation at room temperature at pH = 4.

Introduction

Photocatalysis is a advanced water

treatment process [10].

promising

Nowadays, Ciprofloxacin is the most frequently
detected fluoroguinolone antibiotic in  hospital
wastewater, wastewater treatment plants, and raw
drinking water . Its harmful effects are pretty severe
not only to humanity but also to other organisms.
Humans use Ciprofloxacin water, resulting in vomiting,
tremors, nausea, headache, diarrhea, and nervousness
[5-7]. Other reported effects include stomatitis,
leukopenia, skin disorder, and damage to the immune
system . Apart from the detrimental impact on water
quality, the presence of Ciprofloxacin in the
environment alters the capability of high surface areas
soil components such as clay minerals and metal
oxides.“'Therefore, developing methods to remove
wastewater contaminants has gained considerable
interest in commercial and academic worldwide.

Titanium  dioxide (TiO2) is the most popular
photocatalyst with high photocatalytic activity, non-
toxic, comparatively cheap cost, and chemical stability
within a wide range of pH [11-13]. However, various
research indicated that TiOz is limited practical
application under visible light conditions due to the
bandgap of anatase phase is 3.2 eV which only
absorbs UV light [14-16]. To improve its problems, the
modifications of TiOz via doping with metals, non-
metals, or through the formation of heterojunctions
lead to enhance the photocatalytic activity was
investigated [17-20]. Among those, sulfur (S) doped
TiO2 (S-TiO2) photocatalysts have been widely used to
treat polluted water ?!. From the view of this point, this
paper aims at the catalytic activity of S-TiO2 in the
degradation of this antibiotic (Scheme 1).
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Scheme 1. Proposed photodegradation reaction of S-
TiO2
Experimental

Chemicals and methods

All the chemical reagents used in the experiments were
obtained from commercial sources as guaranteed-
grade reagents and used without further purification
include Titanium isopropoxide (TiOT) Ti(OCsH7)4 98%,
HNOs 63-65%, Ethanol (CoHsOH 99,9%),  Thioure
CS(NH>)2, Deionized water and Ciprofloxacin.

The XRD pattern was collected from XRD Miniflex 600
apparatus (Rigaku, Japan). Fourier- transform infrared
spectroscopy was measured by FT-IR 4600 of Jasco,
Japan. The SEM images were taken by TM4000Plus,
Hitachi, Japan. The EDX analysis was calculated from
EDX Oxford measurement.

Synthesis of TiO> and S-TiOz

TiO2 materials were synthesized by a simple method
following a previous report using  Titanium
isopropoxide as the source of Ti 1 Firstly, solution A
included 1.5 mL H20, 40 mL of Ethanol was kept at
room temperature under stirring. At the same time,
solution B, including 40 mL of Ethanol, 10 mL of
Titanium isopropoxide, and amount of HNOs for
adjusting to pH = 2, was prepared. Subsequently,
solution B was added dropwise into solution A and
kept stirring for 24 hours. Then the resultant mixture
was aged at 180°C for 3 hours. Finally, the solid was
filtered, washed with Deionized water, and dried in an
oven at 70°C overnight. S-TiO2 was synthesized via a
similar process in the presence of thiourea as Sulfur
dopants precursors. The synthesized materials was
obtained and denoted as xS-TiOz (x is the mole ratio of
S/Ti = 0.25; 0.33; 0.50, respectively).

Degradation of Ciprofloxacin

In a typical experiment, 50 mg catalysts were
suspended in 100 mL of the Ciprofloxacin solution with
the concentration of 10 mg/L in the absence of light for
30 min to ensure adsorption-desorption equilibrium.
Then the suspension was irradiated by a 36 W compact
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lamp under constant stirring, while the temperature
inside the reactor was maintained at room temperature
by the following water out the site of the reactor. A
lamp is hanging at a distance of 10 cm from the surface
of the solution. During the 150 minutes irradiation at
room temperature, 5 mL of the mixture was
continuously taken from the mixture reaction at a 30
minutes interval for the Ciprofloxacin degradation
analysis by UV-VIS spectrophotometer (UV 4150,
Hitachi, Japan).

Results and discussion
Characterization of materials

Figure 1 shows the XRD patterns of TiOz and S-TiOa. It
is clearly noticed that all diffractive peaks of TiO2 and
0.33S-TiO2 are congruously indexed with anatase
phaseTiOz. Peaks located at 20 = 25.2, 37.7, 47.9, 54.0,
549, 62.8, 68.9, 70.1, and 75.1° are corresponded to
the crystal planes of (101), (004), (200), (105), (211),
(204), (116), (220), and (215) [23]. Moreover, no other
impurities can be detected, implying the high purity of
the prepared materials. It is hard to see the lattice
distortion of TiOz after S doping since S (1.84 A) has a
larger ionic radius than O (140 A). The prepared
materials show grey-white color, confirming the
existence of S atoms in TiOz [24].
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Figure 1: XRD patterns of TiO2 and 0.33S-TiOz

FT- IR is performed on samples to identify materials
composition and functional group present in the
material. The FT-IR spectra were measured for all the
materials in the spectral range from 400 to 4000 cm™
at room temperature and shown in Figure 2.

It was hardly seen that the peaks at 483 cm™ in these

obtained FT-IR spectra of this synthesized TiO2 and S-
TiO2 corresponded to O-Ti bond.
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Figure 2: FT-IR of synthesized TiOz and 0.33S-TiOz

These peaks at 1626 and 1048 cm™" in the FT-IR range
of the S-TiOz reached an oscillation of this S-O bonds,
respectively [25]. It confirmed that S was successfully
doped into TiO2> material. Figure 3 presents the SEM
images of TiOz and S-TiOz2. The SEM results show that
the S-TiO2 particles are relatively uniform in size and
more porous than TiO2. Figure 3 also showed that all
materials were successfully synthesized.

Figure 3: SEM images of TiOz2 (a) and 0.33S-TiOz2 (b)

To confirm the successfully S doped TiO2, EDX of
target materials was also analyzed and shown in figure
4. From these results, the S was good dispersion in the
S-TiO2. It was suggested that the sulfur was successfully
doped TiO2.

ey =

Figure 4: EDX mapping of 0.33S-TiO2: Ti Kal (a) and S
Kol (b)

In addition, electronic and optical properties are of
fundamental  importance  to  determine  the
photoactivity of a catalyst. UV-DRS was used for
characterizing the absorption properties of synthesized
materials. The estimated bandgap energies of materials
TiO2 and S-TiO2 were calculated at 3.16 and 2.85 eV
(figure 5b). The decrease in Eng of the S-TiO2 could be
explained due to the existence of S dopants in the TiO2
structure. These dopants would modify the potential
band of the TiO:z leading to a decrease in Eng [26]. So it
may be promoted S-TiOz is more active than TiOz
under visible light irradiation
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Figure 5a: UV = Vis spectra of TiO2 and 0.33S-TiOz
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Figure 5b: Tauc plot of TiO; and 0.33S-TiO>
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Photodegradation of Ciprofloxacin

The photocatalytic activity of target materials was
investigated for the photodegradation of Ciprofloxacin
in water. The effect of the ratio S/Ti on materials was
shown in Figure 6. The blank test was carried out (the
data is not shown here) without any catalyst. The self
decomposition of Ciprofloxacin was only less than 5 %,
while the conversion is about 10% in the absence of
light event the procedure prolongs 24 h. It means that
visible light and catalysts are necessary for the
photodegradation of Ciprofloxacin. From figure 6, the
results indicated that all materials xS-TiO2 could see a
higher degradation of Ciprofloxacin than TiO2. The
photodegradation of Ciprofloxacin is increased from 74
% to 91 % under 150 minutes of visible light irradiation,
coincident with the rise of mol ratio S/Ti from 0.25 to
0.33. In addition, it was seen that the mol ratio S/Ti
increased up to 0.50, the degradation decreased (80
%). It might be explained that S covers the surface of
TiO2 and interfere exposure of TiOz crystals with light.
These results suggest that 0.33S- TiO2 was the best
catalyst and used to test other conditions. These results
were in accordance with the UV-DRS results.
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Figure 6: Effect of mol ratio S/Ti on the material to

degradation of Ciprofloxacin

Moreover, to orientate for practical application, the
effects of pH value are studied and shown in Figure 7.

As shown in Figure 7, the pH value introduced in the
reaction affects the degradation of Ciprofloxacin. The
result reveals that the rising pH value from 3 - 4
significantly increases the yield from 41.5 to 91 % under
150 minutes of visible light irradiation. Besides, the pH
value was in the range of 4 - 9, and the yield changed
not so much. It suggested that the material 0.33S-TiO:
has high applicability in the wastewater environment,
which often has a neutral or base media.
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Figure 7: Effects of pH value on the degradation of
Ciprofloxacin in water

To further investigate the reaction kinetics of the
Ciprofloxacin  photodegradation by 0.33S-TiO2, the
experimental data were fitted by applying a pseudo-
first-order model as expressed by In(Co/C) = - kt where
k is the apparent first-order rate constant (h™). Co and
C are the initial concentration and at time t of
ciprofloxacin  solution. Figure 8 shows a linear
relationship between In(Co/C) and the irradiation time
for Ciprofloxacin degraded by 0.33S-TiO2, and it was
obviously seen that the photocatalytic degradation
curve fitted well with pseudo-first-order kinetics.
Furthermore, according to the model, the apparent
rate constants k were calculated and illustrated in
Figure 8. The rate constants k values were 0.921 h™' for
ciprofloxacin - photodegradation, which  was much
higher than that obtained for other photocatalysts
reported recently.
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Figure 8: The first-order kinetics of Ciprofloxacin
degradation on 0.33S-TiOz

On the other hand, to confirm the effect of the
concentration of Ciprofloxacin, weight of the catalyst,
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various experiments were carried out, and data for the
degradation is shown in figures 9 and 10.

With 50 mg catalyst 0.33S-TiOz, the result showed that
the best rate of the process when the ciprofloxacin
concentration in water is between 5-15 mg/L (yield >
70%) under 150 minutes visible light irradiation at
pH=4. From figure 10, the best efficiency with mass
catalyst is 50 mg at the concentration of antibiotic 10
mag/L (the yield is 91%). However, when the amount of
material increased up to 70 mg, the processing
efficiency of the material decreased significantly (80%).
It can be explained by increasing the amount of
catalyst, increasing the turbidity of the solution, causing
photoresistance and scattering of light, thus reducing
the antibiotic degradation efficiency.

100

80

D
o
1

Efficiency (%)

20

0 T T T T
0 5 10 15 20

Concentration of Ciprofloxacin (mg/L)
Figure 9: Effects of the concentration of Ciprofloxacin
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Figure 10: Effect of the weight of catalyst on the
degradation of Ciprofloxacin in water

Conclusion
This study reported the S-TiO2 exhibited novel

photocatalytic ability for degradation of Ciprofloxacin
in water. The catalyst was synthesized via the sol-gel

method and characterized by various model
measurements such as XRD, SEM, FT-IR, UV- DRS. The
XRD, SEM- EDX, and FT-IR have confirmed the
successful preparation of materials. The UV-DRS
demonstrated that the synthesized materials have a
lower bandgap in comparison with prime TiO2. Under
the optimized condition, the highest photocatalytic
efficiency of the synthesized 0.33S-TiO2 for
degradation was approximately 90% under 150
minutes of visible light irradiation at pH = 4 and room
temperature.
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