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Abstract: Unregulated disposal of antibiotics has become a global concern for the pollution of wa- 10 
ter bodies. Photocatalysis appears as an efficient method for removing these emerging contami- 11 
nants. Clay minerals are used as supports for semiconductors in order to improve their photo- 12 
catalytic activity. This study aimed to obtain new photocatalysts by incorporation of the Ag and 13 
ZnO nanoparticles in saponite to be used in the photodegradation of ciprofloxacin in aqueous so- 14 
lution. The results showed a good incorporation of nanoparticles onto support surface. 15 
Ag@ZnO-saponite nanocomposite corresponds at low band gap energy, showing high ability un- 16 
der visible light. The nanocomposite showed efficiency about to 90% of degradation of antibiotic 17 
after 120 min of reaction. 18 
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1. Introduction 21 
The adverse effects caused by so-called emerging contaminants in water pollution 22 

have become a global concern [1]. Conventional treatments do not efficiently remove 23 
drugs for example the ciprofloxacin from contaminated water due to its resistance, high 24 
solubility and recalcitrant nature. The technologies such as heterogeneous photocatalysis 25 
become more efficient for the degradation of this pollutant [2]. 26 

ZnO is an example of a n-type semiconductor widely used in photocatalysis studies 27 
mainly because has high efficiency, non-toxicity and chemical stability [3]. Noble metal 28 
nanoparticles such as Ag NPs have attracted great interest due to their surface plasmonic 29 
resonance (SPR), which in the photocatalytic process accelerates the separation of pho- 30 
togenerated charges when irradiated under visible light [4].  31 

Clay minerals have been used as support for semiconductor oxides due to their at- 32 
tractive physicochemical properties:  high surface area, surface chemistry, cation ex- 33 
change capacity and high mechanical/chemical stability [5,6]. The incorporation of sem- 34 
iconductors in the structure of clay minerals promotes an increase in the surface area of 35 
the catalyst, an increase in active sites and facilitates the recovery of the catalyst from the 36 
reaction medium [7], becoming an interesting strategy for improving photocatalytic 37 
performance. 38 

This study aimed to obtain a new catalyst from the incorporation of Ag and ZnO 39 
nanoparticles on the saponite clay mineral structure. The photocatalytic efficiency of the 40 
nanocomposite was monitored in the photodegradation of ciprofloxacin antibiotic under 41 
visible light irradiation.  42 

2. Materials and Methods 43 
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2.1. Materials 1 
Cetyltrimethylammonium bromide (CTAB) (≥ 99%), ZnCl2 (≥ 98%), NaOH (≥ 99%), 2 

isopropanol (≥ 70%) were purchased from Sigma Aldrich and used without prior purifi- 3 
cation. 4 
 5 
2.2. Synthesis of nanocomposite 6 

For incorporation of Zn2+ in saponite, the method reported by Fatimah et al [8] was 7 
used. Firstly, a dispersion of Na-saponite (previously synthesized) [9] was prepared by 8 
adding 5% by weight of clay mineral in distilled water with subsequent dropwise addi- 9 
tion of a CTAB solution (2.5 mmol CTAB g-1 saponite) and the resulting solution it was 10 
left under stirring for 24 h. Separately, a zinc chloride solution was prepared by mixing 11 
ZnCl2.2H2O and NaOH (1:1 molar ratio) mixed with a solution H2O:isopropanol (50:50 12 
v/v) with stirring for 4 h. The Zn2+ precursor solution was slowly added to the saponite 13 
dispersion. The mixture was stirred for 24 h and the, it was filtered and washed. The solid 14 
was recovered and calcined at 500 °C for 4 h. The deposition of the nanoparticles was 15 
carried out by adding 0.5 g of ZnO-saponite in 5 mL of the Ag NPs solution (previously 16 
prepared) [10] and left stirring for 48 h. The material was recovered and dried at 50 °C for 17 
24 h. The nanocomposite obtained was called Ag@ZnO-saponite. 18 

 19 
2.3. Photocatalysis tests 20 

 Prior to the photodegradation experiments, a known amount of catalyst (0.5 g L-1) 21 
and contaminant solution was placed in 100 mL of the desired concentration. The 22 
ciprofloxacin solution was left under dark conditions for adsorption on the solid surface 23 
until saturation (equilibrium). After reaching equilibrium (30 min) the lamp was turned 24 
on to irradiate the reaction system. To carry out the photocatalysis tests, a radiation 25 
chamber with a borosilicate reactor coupled to a thermostatic bath were used and 160 W 26 
Hg vapor lamp was used as a visible light source. Aliquots were taken at predefined 27 
times of 5, 10, 15, 30, 45, 60, 90 and 120 minutes, and the, was centrifuged and the su- 28 
pernatant was analyzed by UV-Vis spectrophotometer. The band at 272 nm was used to 29 
monitor the drug concentration. 30 

3. Results and discussion 31 
The X-ray diffraction patterns of pure saponite and nanocomposite samples are de- 32 

picted in Figure 1. XRD profiles showed the (001), (110), (201) and (060) reticular planes of 33 
the saponite characteristic reflections. The presence of (060) reflection suggests obtaining 34 
a clay-like trioctahedral structure [11]. After incorporation of ZnO nanoparticles were 35 
observed (010), (002), (011), (012), (110), (013), (112) and (021) planes for zinc structure 36 
[12]. With the deposition of Ag NPs, no significant changes were observed in the crystal 37 
structure of the nanocomposite. These results indicate a good incorporation of nanopar- 38 
ticles onto clay mineral surface without destruction the matrix structure. 39 
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Figure 1. XRD patterns of saponite clay mineral, ZnO-saponite and Ag@ZnO-saponite nanocom- 3 
posites. 4 

The optical band gap of the nanocomposite was calculated using the Kubelka–Munk 5 
function and the Talc-plot was showed in Figure 2. ZnO has a known band gap energy 6 
(Eg) value of 3.37 eV [12]. The Ag@ZnO-saponite nanocomposite presents a major con- 7 
tribution at 3.15 eV and a minor contribution at 2.22 eV. The shift in the band gap value 8 
suggests the influence of ZnO confinement in the clay mineral matrix. Probably the opti- 9 
cal gap at 3.15 corresponds to ZnO and the presence of Ag NPs corresponds to the optical 10 
gap at 2.22 eV. In this case, the photocatalyst absorbs light in the visible region by the 11 
presence of Ag components producing the electron/hole pairs induced by plasmon [4]. 12 
Electrons are excited from the valence band for the conduction band of the semiconduc- 13 
tor. Photogenerated holes and electrons react with H2O or OH- ions and oxygen to pro- 14 
duce oxidizing species that gradually break down organic pollutant molecule. 15 

 16 

Figure 2.Band gap value (Eg) of Ag@ZnO-saponite determined according to the Kubelka–Munk 17 
method by using the Tauc equation.  18 

The photocatalytic performance of the Ag@ZnO-saponite nanocomposite was eval- 19 
uated for degradation of ciprofloxacin drug under visible light. C/C0 ratio and degrada- 20 
tion performance in function of irradiation time were showed in Figure 3. Photocatalytic 21 
efficiency of about 90% was archieved after 120 min of reaction, this result is similar to 22 
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studies involving the photodegradation of ciprofloxacin using other catalysts [13,14]. The 1 
adsorption of ciprofloxacin on the surface of the support reached value close to 60% at 2 
saturation (30 min) and after irradiation it was observed that the drug degradation 3 
archieved a value of around 90%. In this study, the synergistic effect between adsorption 4 
and photocatalysis processes for degradation of ciprofloxacin can be suggested. The re- 5 
sults demonstrated a high photocatalytic activity for the synthesized nanocomposite. 6 

 

 

(a) (b) 

Figure 3.C/C0 ration as a function of irradiation time (a) and ciprofloxacin degradation from photocatalysis using 7 
Ag@ZnO-saponite nanocomposite under visible light. 8 

3. Conclusions 9 
The XRD results confirmed the successful incorporation of nanoparticles in the 10 

saponite structure. The optical gap of the Ag@ZnO-saponite nanocomposite was ade- 11 
quate for an efficient reaction under visible light. The photocatalytic experiments showed 12 
high performance of the material and the combination of adsorption and photocatalysis 13 
properties promoted notable removal of ciprofloxacin in aqueous solution. Therefore, the 14 
obtained nanocomposite can be a promising material for studies involving photochemi- 15 
cal degradation of other organic pollutants. 16 
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