
INTRODUCTION

Polluted water has posed a serious problem to the environ-

ment. Besides water pollutants such as pesticides, dyes, surfac-

tants and pharmaceuticals are an emerging group of aquatic

contaminants. Fluoroquinolones (FQs) are a class of potent

synthetic antibiotics that are widely used in agriculture, veteri-

nary medicines and human prescription. Several recent studies

have reported the spread presence and potential toxicities of

fluoroquinolones1-3 in many countries such as Switzerland, the

United States, Australia and China, which is necessitate to

understand their environmental fate and to avoid their risks.

At present, most of the wastewater treatment plants (biodegra-

dation and adsorption) are not designed to completely remove

most pharmaceuticals and consequently these compounds are

released into environmental aquatic bodies.

Ciprofloxacin (Fig. 1), one of the most frequently

prescribed human-use fluoroquinolones in many countries.

Similar to many pharmaceutical compounds, ciprofloxacin is

a fluoroquinolone group broad-spectrum antibiotic agent and

poor biodegradable, making physical-chemical technologies

indispensable for its degradation prior to discharge in the

environment4-6.
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The purpose of this paper is to prepare Fe3+-deposited ZnS and enhance the photocatalytic activity of ZnS under visible light irradiation.

It is very significative to degrade ciprofloxacin using prepared photocatalyst by visible light irradiation. The bulk ZnS was synthesized by

a simple hydrothermal method using Zn(CH3COO)2 and (NH2)2CS as main original reactant and poly(vinyl pyrrolidone) (PVP) (M =

10000) as the surfactant. The irradiation experiments were carried out in a photoreactor using two 150-W tungsten halogen lamps. The

concentration of ciprofloxacin was determined spectrophotometrically. The efficiency of photocatalytic degradation of ciprofloxacin was

affected by the amount of Fe3+ ions on the surface of ZnS, irradiation time and the dosage of photocatalyst. The kinetics data were fit

Langmuir-Hinshelwood kinetic expression. The proposed mechanism could explain the processes of photocatalytic degradation of

ciprofloxacin, as fluoroquinolones pollution, could be degraded using Fe3+-deposited ZnS as photocatalyst under visible irradiation. The

prepared catalysts were characterized by SEM, XRD and diffusive reflectance spectra. Photodegradation of ciprofloxacin follows the

first-order kinetics and the degradation rate is 0.042 min-1 at 20 mg L-1 initial concentration of ciprofloxacin.
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Fig. 1. Structure of ciprofloxacin

Advanced oxidation processes characterized by the

generation of hydroxyl radicals at ambient conditions, which

are known as an effective method to remove not or hard biode-

gradable organic pollutants from environmental wastewater

(ground-, surface- and wastewater)7-9. Their effectiveness

results from the fact that the in situ generated hydroxyl radicals

are highly reactive species, able to oxidize organic molecules.

The radicals are produced by combinations of ozone, hydrogen

peroxide, UV radiation, ferrous ions and titanium dioxide.

Numerous authors investigated the degradation of organic

pollutants such as pesticides, dyes, pharmaceuticals, aromatic
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compounds, nitrophenols or surfactants by photo-fenton

oxidation10-13 .

Titania (TiO2) was first founded to be photoassisted

electrochemical splitting of water since 1972 by Fujishima,

semiconductor photocatalysts have attracted considerable

attention in the fields of catalysis, electrochemistry and photo-

chemistry in recent years. That can be attributed to their signi-

ficant effects on solving environmental problems, such as air

or water pollution14,15. Among different semiconductors, zinc

sulfide (ZnS) is an important one with a large exciton binding

energy (Eg) (40 meV) and a small Bohr radius (2.4 nm), which

has been consider to be a promising material for ultraviolet-

light emitting diodes, infrared windows and photocatalysts.

In recent years, many researchers reported the preparation of

one-dimensional ZnS nanostructures including nanorods,

nanotubes, nanobelts and nanowires, etc. There are many

methods are reported on the preparation of one-dimensional

nanostructures of ZnS16-18 . ZnS is II-VI group compound semi-

conductor, which is an important material with the band gap

energy (Eg) of 3.6 eV. It has been extensively studied for a

variety of applications in the field of optics, electronics, photo-

catalysis, etc. It is known that transition metal ions doped into

catalysts can increase the quantum efficiency of the heteroge-

neous photocatalytic property by acting as electron (or hole)

traps and by changing the e–/h+ pair recombination rate19-24.

So, in this work, Fe3+ ions of different concentrations were

added into the prepared ZnS. The objective of this research is

to investigate the effect of transition metal ions on the photo-

catalytic activity of degradation efficiency. Photocatalytic

activity of it was evaluated by degrading ciprofloxacin as a

model organic compound.

EXPERIMENTAL

All chemicals used throughout the study were of analytical

grade and their solutions were prepared in distilled water.

ciprofloxacin (Shanghai Institute of Biological Products,

Shanghai, China), Fe(NO3)3, Zn(CH3COO)2, CS(NH2)2, NaOH

(Sinopharm Chemical Reagent. CO. Ltd., Shanghai, China),

PVP (Aladdin reagent, Shanghai, China).

JSM-7001 field emission scanning electron microscope

(Hitachi, Japan), X-ray diffraction (XRD) (Siemens, Germany),

UV-2450 spectrophototmeter (Shimadzu, Japan).

Photocatalysts preparation: At first, Zn(CH3COO)2

(6 mmol) was dissolved in 10 mL deionized water, then the

NaOH solution (3.0 mol L-1) was added drop-wise to the

Zn(CH3COO)2 aqueous solution until the pH is about 10 and

the milky white emulsion formed. After stirring for 10 min,

poly(vinyl pyrrolidone) (0.05 g) was added into the above

mixture under continuous stirring for 10 min. And then

thiourea (12 mmol) was introduced to the above solution

under stirring for another 10 min. Then the mixed solution

was transferred into a Teflon-lined stainless-steel autoclave of

30 mL capacity. The Teflon-lined autoclave was sealed tightly

and maintained at 160 ºC for 48 h and then cooled to room

temperature. The white product obtained was separated by

centrifugation and repeatedly washed with deionized water and

ethanol for several times to remove impurities. Finally the

sample was dried in a vacuum at 55 ºC for 12 h.

Doping was performed by impregnation of ZnS with

aqueous solutions of Fe(NO3)3 by an incipient wetness

impregnation method at 298 K as follows. The mixture (ZnS

and Fe precursor) was stirred during 24 h. Later, water was

evaporated by heating 393 K during 12 h. Finally, the catalysts

were dried at 358 K and set aside. According to the concen-

trations of Fe precursor, the prepared catalysts were labeled

as 2, 4, 6 and 8 wt. %, respectively.

Characterization: JSM-7001 field emission scanning

electron microscope (SEM) was used for the determination of

the surface and size of the catalysts. X-Ray diffraction (XRD)

patterns were used with Cu Kα radiation (λ = 0.1541 nm). The

phase structures were determined by X-ray diffractometer

using graphite monochromatic copper radiation (Cu K) at

40 kV, 30 mA over the 2θ range 10-80º. The 2θ scanning angle

range was 10-80º with a step of 0.1º s-1. Diffusive reflectance

UV-VIS (DRS) adsorption spectra were recorded on an UV-

2450 spectrophototmeter (Japan).

Photocatalytic reaction: The photocaytalytic activity of

the prepared photocatalysts was evaluated by the photocata-

lytic oxidation degradation of ciprofloxacin. Two tungsten

halogen lamps (LZG 220/240-150, R7S) were used as the

mock visible light sourceat a 12 cm separation distance. The

reaction system was maintained at ambient temperature. In a

typical experiment, aqueous solution of ciprofloxacin (100 mL,

20 mg L-1) and the different mount of catalysts power were

added into the solution in the beaker with a magnetic stirrer.

Prior to light irradiation, the suspension was kept still in the

dark to ensure the establishment of an adsorption/desorption

equilibrium. The suspension was kept under constant air equili-

brated condition. At the intervals of given irradiation time,

5 mL of the suspension was collected and centrifuged for

20 min (3000 rpm) to remove the particles. The ciprofloxacin

concentration was determined by measuring the UV-VIS

absorbance of the aqueous solution of ciprofloxacin at

maximum wavelength (278 nm).

RESULTS AND DISCUSSION

XRD analysis: The prepared ZnS samples were analyzed

for their phase composition and microstructure by XRD. The
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Fig. 2. XRD pattern of the prepared ZnS samples, a, b, c, d and e response

the bulk ZnS, 2, 4, 6 and 8 % Fe-deposited ZnS, respectively
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diffraction peaks of bulk ZnS can be indexed to a pure cubic

phase, which is in good agreement with the standard values

for the bulk cubic ZnS (JCPDS: 36-1460). No other peaks or

impurities have been detected indicating the high purity of

the product. The diameter of the prepared ZnS is 150 nm by

Scherrer formula. When the other patterns were compared with

the bulk ZnS, it was found that 2θ degrees peaks observed at

19.16, 32.96, 35.04 and 58.82º for Fe-deposited ZnS. In

addition, the peaks of the bulk ZnS at 29.2, 48.34 and 56.96º

become weaker in the process of deposit Fe3+ ions. However,

the values of these peaks will not change. These results support

that the current doping method do not modify the structure of

ZnS.

Morphology: The size and morphology of the synthe-

sized products were observed by FESEM. The size of the ZnS

is about 3 µm, the possible reason is the size effect of the

microscopic particles. Fig. 3 shows the SEM image of bulk

ZnS and 6 wt. % Fe3+-deposited ZnS. After depositing Fe3+,

the surface of ZnS become unshaped, adding the surface area

of ZnS. That can supply more activity sites on the surface of

deposited ZnS. Thus, these sites could enhance the photocata-

lytic activity of Fe3+-deposited ZnS.

 

Fig. 3. SEM of bulk ZnS (A) and 6 wt. % Fe3+-deposited ZnS (B)

Diffusive reflectance spectra: To investigate the optical

properties of the obtained ZnS micro/nano-crystals, the room

temperature UV-VIS absorption spectra of the solid powder

was recorded (Fig. 4). Compared with that of the bulk ZnS,

the absorption spectra of the ZnS samples exhibited a blue

shift, indicating that the ZnS were quantum-confined. Such

quantum-confined effect gives rise to high negative reduction

potential of the electrons. Therefore, the deposited ZnS are

expected to have high photocatalytic activities.
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Fig. 4. Diffusive reflectance spectra of different catalysts samples, a, b, c

and d response bulk ZnS, 2, 4, 6 and 8 wt. % Fe-deposited ZnS,

respectively

Diffuse reflectance spectra (DRS) technique is a useful

technique to characterize the optical absorption properties of

nanoparticles. The DRS spectra of Fe-deposited ZnS with

different modification level in comparison with bulk ZnS are

shown in Fig. 4. For bulk ZnS, an absorption edge at UV below

300 nm (since the band-gap of ZnS is about 3.6 eV). The bulk

ZnS has no absorption in visible region (> 400 nm), whereas

Fe-deposited ZnS samples exhibit red-shifts to the edge of

light absorption at 400-600 nm. The light absorption in the

range extends from 450-600 nm with increasing Fe3+ content

in ZnS.

From Fig. 4, it is observed that 6 wt. % Fe ZnS samples

with low iron content shows a constant absorption in the

visible region which is higher than bulk ZnS. It can also be

noticed that Fe deposited ZnS particles have enhanced absor-

ption characteristics in region of 400-550 nm and this enhance-

ment increases as the deposited Fe is increased, accompanying

with the change of particles colour from white to yellow and

dark cream. Compared the curves of Fig. 2a-b, it seems that

adsorption of light under visible light depends on the addition

of Fe.

Photocatalytic degradation of ciprofloxacin: To test

for the photocatalytic degradation of ciprofloxacin by bulk

ZnS and deposited-ZnS nano-(micro) particles, a solution

containing ciprofloxacin and prepared catalysts particles is

photoirradiated under visible light. And the processes of the

experiments were according to the experimental section. The

photocatalytic degradation efficiencies were calculated using

the following equation (eqn. 1):

100
A

AA
(%)E

0

t0 ×
−

= (1)

Vol. 24, No. 6 (2012) Preparation of Fe3+-Deposited ZnS and its Photocatalytic Oxidation of Antibiotics Pollution  2735



where A0 and At are the absorbance of ciprofloxacin before

and after irradiation (t min). The results show of different

catalysts irradiation under visible light (Fig. 5a). From the Fig.

5a, it indicates the degradation efficiency is very low in the

presence of bulk ZnS (only 47.4 %). It was observed that photo-

catalytic performance of Fe-deposited ZnS for degradation of

ciprofloxacin is higher than that of bulk ZnS under visible

light. The 6 wt. % Fe-deposited ZnS exhibit the maximum

catalytic efficiency (98.85 %) after 1 h irradiation. The effect

of Fe3+ doping on the photocatalytic activity under visible light

irradiation should be due to the reason that an appropriate

amount of Fe3+ ions can act as intermediates for photo-generated

holes and electrons transfer and inhibit the recombination of

holes and electrons. However, when the amount of Fe3+ ions

becomes too large, Fe3+ ions can act as the recombination

centers for the photo-generated electrons and holes, resulting

in the decrease of photocatalytic activity. Thus, this catalyst

can used after the experiments.
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Fig. 5. (a) Different catalysts on the degradation ciprofloxacin under visible

light irradiation (A, B, C, D response the bulk ZnS, 2, 4, 6 and 8 wt.

%, respectively. (b) UV-VIS absorption spectra of ciprofloxacin

during the photocatalytic degradation with different irradiation times

Fig. 5b shows the spectral changes of ciprofloxacin in the

presence of 6 wt. % Fe-deposited-ZnS under visible irradiation.

The maximum absorbance of ciprofloxacin at 273 nm greatly

decreases with the increase of irradiation time. At the irradia-

tion time of 1 h, the absorbance dropped rapidly from 1.98 at

the initial to 0.05 and the degradation efficiency was calculated

close to 100 %. As a comparison, we studied the direct

photodegradation of ciprofloxacin without deposited-ZnS

under the same conditions. The results prove that the deposited-

ZnS exhibit strong photocatalytic activity and photocatalytic

efficiency towards ciprofloxacin. The new absorption band

appeared in the ultraviolet region, indicating that inorganic

ions were created in the process of the degradation since their

absorption would appear this area.

Effect of initial ciprofloxacin concentration: Since the

pollutant initial concentration is an important parameter in the

treatment, the effect of initial ciprofloxacin concentrations on

photocatalytic degradation rate was investigated over the

concentration range of 10-50 mg L-1 of ciprofloxacin (Fig. 6).

The results show that the degradation rate decreases as the

initial ciprofloxacin concentration increases. This is due to

the reason that the matter when the amount of ciprofloxacin

over the maximum of catalyst could be degraded.

-20 -10 0 10 20 30 40 50 60 70
0.0

0.2

0.4

0.6

0.8

1.0

 

C
/C

0

Time (min)

 10mg L
-1

 20mg L
-1

 50mg L
-1

 40mg L
-1

 no-light

Fig. 6. Effect of initial concentration on degradation efficiency

The Langmuir-Hinshelwood kinetic expression16,24 has

been used for heterogeneous photocatalysis to describe the

relationship between the initial degradation rate and the

initial concentration. In this model, the reaction rate for second-

order surface decomposition of ciprofloxacin (CPLX) is

written as follows:

Kk
CK1

CK
k

dt

dC
Rate c

0CPLX

CPLX
c =

+
=−= (2)

0CPLX

CPLX

CK1

CK
K

+
= (3)

where C is the ciprofloxacin concentration at time t, kc is the

second-order rate constant, Kciprofloxacin is the equilibrium

adsorption constants of ciprofloxacin onto Fe-deposited ZnS

and C0 is the initial concentration of ciprofloxacin. According

to the above equation, the photocatalytic degradation of

ciprofloxacin in the presence of Fe-deposited ZnS exhibits

pseudo first-order kinetics with respect to ciprofloxacin

concentration as in eqn. 4
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C
CK1

K
kCk

dt

dC

0CPLX

CPLX
cobs

+
==− (4)

where kobs is the observed pseudo-first-order rate constant for

the photocatalytic oxidation of ciprofloxacin. Therefore, the

integration of eqn. 4 results in

tk
C

C
ln obs

0 = (5)

Based on eqn. 5, the straight line relationship of ln (C0/C)

versus irradiation time was observed as indicated in Fig. 7

and Table-1.
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Fig. 7. Plot of ln (C/C0) versus irradiation at different initial ciprofloxacin
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The relationship between kobs and C0 from eqn. 4 can be

expressed as eqn. 6

c

0

CPLXcobs k

C

Kk

1

k

1
+= (6)

Eqn. 6 shows that the linear expression can also be

obtained by plotting the reciprocal of degradation rate (1/kobs)

as a function of the initial ciprofloxacin concentration. Based

on this equation, the values of kobs at different initial

ciprofloxacin concentration were fitted and the plotted in Fig.

8. By means of a least square best fitting procedure, the values

of the adsorption equilibrium constant (Kciprofloxacin) and the

second-order rate constant (kc) were obtained and this value

found to be Kciprofloxacin = 0.3765 L mg-1 and kc = 0.926 mg L-1

min-1 (R2 = 0.998), respectively.
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Fig. 8. Plot of the initial ciprofloxacin (CPLX) concentration versus the

reciprocal of the observed first-order rate constant (1/kobs)

Effect of the photocatalysts dosage on degradation

efficiency: The dosage of catalyst plays an important role in

catalytic oxidation reactions during the processing of industry

organic pollutants. Accordingly, the effect of the dosage of

prepared catalyst on ciprofloxacin degradation was evaluated

(Fig. 9). Fig. 9 shows that the concentration of ciprofloxacin

can increase in the absence of 6 wt. % Fe-deposited-ZnS. The

results revealed that the greatest degradation efficiency was

achieved when the amount of catalyst increased 1.5 g L-1.

However, when the amount exceeds this value, the removal

efficiency declines on the contrary. The reason may be due to

more catalysts effect the absorbance of the effective photons

(mainly ultraviolet rays) and reduce the activity of the photo-

catalyst. Therefore, this value (1.5 g L-1) was taken to be the

optimum dosage of the catalyst.
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Fig. 9. Effect of the catalysts dosage on degradation efficiency

Possible mechanism for ciprofloxacin degradation

under visible light: Photodegration of ciprofloxacin is initiated

by photoexcitation in the presence of the Fe3+-deposited ZnS.

Fig. 10 shows the scheme of the photocatalytic degradation

ciprofloxacin under visible light. Light-induced electrons/holes

pair formation in the surface of semiconductor particles. Fe3+

ions acting as both electrons and holes traps, can turn into

Fe2+ and Fe4+ ions by trapping photogenerated electrons and

holes traps, respectively (eqns. 7-10), accompanied by subse-

quent interfacial electron (hole) transfer, has always been

considered as the first step of the photocatalytic action of semi-

conductor particles. Fe2+ ions can be oxidized to Fe3+ ions by

transferring electrons to absorbed O2 on the surface of ZnS

(eqn. 10). Meanwhile, the adsorbed O2 is reduced to O2
–, which

can further degrade ciprofloxacin. Similarly, Fe4+ ions also

are reduced to Fe3+ ions by releasing electrons, which surface

hydroxyl group translates into hydroxyl radical ·OH eqn. 11.

The high oxidative potential of holes can lead to direct and

indirect oxidation of ciprofloxacin. As a result, the introduction

of appropriate Fe3+ ions is responsible for the reduction of the

photogenerated hole-electron recombination rate and favours

the improvement of photocatalytic activity. After ciprofloxacin

was degradation, the active sites left on the surface of catalyst

and the conditions provided for adsorption ciprofloxacin again,

then degradation and again. The proposed mechanism for
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ciprofloxacin degradation using photocatalysts (Fe3+-deposited

ZnS) was suggested as follows:

ZnS + hν → hVB
+ + eCB

– (7)

Fe3+ + hVB
+ → Fe4+ (8)

Fe3+ + eCB
– → Fe2+ (9)

Fe2+ + O2 → Fe3+ + O2
– (10)

Fe4+ + OH– + hVB
+ → OHˆ + Fe3+ (11)

H2O + hVB
+ → OHˆ + H+ (12)

Ciprofloxacin + OHˆ or O2
– →→→ Final products (13)

Reuseability: The reuseability of the Fe-deposited ZnS

catalyst was tested by repeating the photoreduction degradation

experiments under the same conditions using the recycled

catalyst. The catalytic activity of Fe3+-deposited ZnS loss was

not considerable after used five times. The highly catalytic

activity of ZnS probably results from their microstructures.

Conclusion

ZnS micro/nano-crystals were synthesized via hydrothermal

method using PVP as the surfactant. The obtained Fe3+-

deposited ZnS micro/nanocrystals are about 3 µm with narrow

size distribution and show good photocatalytic activity for

degradation of ciprofloxacin.
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