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1  Introduction

Water pollution is a severe problem in many countries. It 
is mainly caused by compositions of organic and bacte-
rial pollutants, which result in potential threats for living 
organisms [1, 2]. Tetanus toxin is an extremely potent neu-
rotoxin and it’s also called spasmogenic toxin, or TeNT. 
The LD50 of this toxin has been measured to be approxi-
mately 2.5–3  ng/kg, making it second only to Botulinum 
toxin (LD50 2  ng/kg) as the deadliest toxin in the world 
[3]. A variety of methods has been proposed for control-
ling the water pollutants, such as adsorption, oxidation, 
flocculation, coagulation, sedimentation, and membrane 
filtration [4]. Light-driven photocatalysts based on metal-
oxide semiconductors may have the potential for control-
ling both, organic and bacterial pollutants in water. This is 
due to the fact that these materials are not only capable of 
utilizing UV and visible light to alleviate the organic pol-
lutants present in water, but they also inhibit the bacterial 
growth, which is the most challenging task. Photocatalyst 
is a promising approach for removing water pollutants with 
high efficiency. In the presence of photocatalyst, the photo-
induced strong oxidation and reduction activity with long-
term stability can decompose the contaminants effectively 
and kill the microbes by producing active oxidizing agents 
[5, 6].

Due to the different properties such as low cost synthe-
sis, non-toxicity, thermal stabilities, and electronic prop-
erties, p-type semiconducting metal oxide nanomaterials 
such as CuO [7] have attracted the attention of the research, 
recently [8]. Among the various p-type metal oxides, CuO, 
a black colored material with narrow band gap energy is 
most widely studied materials.

Quantum dots (QDs) with narrow size distribution and 
high luminescent efficiency have attracted attention of 
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researchers due to several properties. Recently, ZnO QDs 
are being investigated in a much wider scope, from the 
materials aspects in terms of lattice structure, doping and 
surface modifications to optoelectronic aspects such as 
luminescent properties, binding energy and band gap stud-
ies [9–11].

The main focus of the present investigation is to deter-
mine the photocatalytic performance of the synthesized 
products in degrading TeNT in UV and sunlight and the 
antimicrobial activity for different microbes can also not be 
found.

2 � Materials and methods

2.1 � Materials

All the chemicals were obtained from Sigma-Aldrich Ltd, 
USA.

2.2 � Preparation of CuO nanosheets

In a typical synthesis process, 0.01  M aqueous solution 
(50 mL) of copper nitrate was mixed with 0.01 M aqueous 
solution of hexamethylenetetramine (50  mL) under vigor-
ous stirring. In order to maintain a pH 12 of the solution, 
KOH was added drop by drop with continuous stirring. 
After stirring, the suspension was transferred to Teflon-
lines stainless steel autoclave and heated to 180 °C for 
8  h. The product formed was filtered, washed with etha-
nol–water mixture solution and finally dried at 70 C for 4 h 
in oven.

2.3 � Preparation of ZnO quantum dots decorated CuO 
nanosheets

200 mg Zinc acetate and 500 mg of the as-prepared CuO 
nanosheets was added into 50 mL distilled water. The reac-
tion was carried out by dropwise addition of KOH solution 
to zinc acetate solution with constant stirring. The final pH 
of the solution was maintained at 10. The obtained suspen-
sion was transferred into a 100-mL Teflon-lined stainless-
steel autoclave, and then was heated to 180 °C for 10  h. 
After natural cooling to room temperature, the product was 
collected and washed with ethanol–water mixture solution.

2.4 � Characterization instruments

A transmission electron microscope (TEM) (Zeiss 
EM-900) was used to examine the particle size and mor-
phology of ZnO QDs/CuO NSs composites and X-ray 
diffractometer (XRD) Philips X’Pert was measured for 
evaluation of crystalline information. X-ray photoelectron 

spectroscopy (Kratos Axis Ultra DLD) and UV–Vis spec-
troscopy studies (TEC Avaspec 2048) were performed for 
evaluation of optical information.

2.5 � Photocatalytic activity

In order to evaluate the photocatalytic efficiency of the 
ZnO QDs/CuO NSs composites, photocatalytic meas-
urements were done by degradation of TeNT in photo-
catalytic reaction under mercury lamp radiation with 
100  W of UV power. For the measurement, a suspen-
sion of 10  mg of the as prepared photocatalyst powder 
and 100 mL of an aqueous solution of the TeNT having a 
concentration of 1 mg/L were mixed and stirred in a dark 
place for about 30  min to reach the adsorption desorp-
tion equilibrium condition between the photocatalyst and 
TeNT molecules. In order to initiate the photocatalysis, 
the obtained suspensions were exposed to sunlight. A sec-
ond photoreactor for the solar photocatalysis experiments 
was constructed using a borosilicate glass container of 
250 mL capacity, 100 mm internal diameter and 200 mm 
in height where sunlight was directed axially at the center 
of the reactor. The TeNT concentration was distinguished 
with the aid of a two dimensional Gas Chromatogharphy 
(GC*GC) (Kimia Shangarf Pars Research CO., Iran).

2.6 � Antibacterial activity

The antibacterial activity was investigated by studying 
the disinfection efficiency of the synthesized products for 
two bacterial strains, namely Enterococcus faecalis (gram 
positive) and Micrococcus luteus (gram negative) micro-
organisms. In this experiment, the bacteria E. faecalis and 
M. luteus were cultivated by using the agar-disc-diffusion 
method. In this method, a nutrient agar medium (28 g/L 
in DI water) and nutrient broth (13 g/L in DI water) were 
prepared. The nutrient agar medium was then poured 
into autoclaved Petri dishes. The active culture growth of 
each bacterial strain was spread on nutrient agar. Wells 
(10 mm) prepared in the agar plates were inoculated and 
200 μL of sample (several concentration) were put in the 
wells to control the bacterial growth. The incubation was 
continued for 24 h at 37 °C, and after incubation, the zone 
of inhibition was analyzed to determine the antibacterial 
efficiency of the synthesized products.RETRACTED A
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3 � Results and discussion

3.1 � Characterization of the ZnO QDs/CuO NSs

3.1.1 � XRD

The XRD analysis was performed to investigate the struc-
ture and crystal phase of the as synthesized samples. Fig-
ure 1 depicts the XRD pattern of CuO NSs and ZnO QDs/
CuO NSs composite. In the XRD spectra of the CuO 
NSs, all the diffraction peaks are assigned according to 
the standard pattern of monoclinic phase (JCPDS No: 
05-0661). The diffraction peaks of ZnO QDs/CuO NSs are 
assigned to wurtzite phase for ZnO QDs structure (JCPDS 
No: 36-1451). It can be seen that the intensity of the dif-
fraction peaks of CuO NSs changes by the introduction of 
ZnO QDs in the ZnO QDs/CuO NSs composite. Besides 
the representative peaks of the monoclinic phase of CuO 
NSs in the XRD spectra of the ZnO QDs/CuO NSs com-
posite, we could not observe several peaks correspond to 
wurtzite phase for ZnO QDs. The Crystallite sizes were 
distinguished from the Scherrer equation [12–15] to be 
obtained 12.5 and 3.2 nm for CuO NSs and ZnO QDs/CuO 
NSs composite.

3.1.2 � TEM

The structural morphology, shape, and size of the as ZnO 
QDs/CuO NSs composite, and the distribution of ZnO QDs 
over the CuO NSs were analyzed by using TEM micro-
graphs as shown in Fig.  2a. As can be seen, image con-
firms the sheet-like morphologies for the synthesized CuO 
nanosheets. Finally, Fig. 2a, which shows TEM images of 

the ZnO QDs/CuO NSs composite, demonstrate that the 
ZnO QDs are well decorated over the CuO layers. The 
average sizes of ZnO QDs/CuO NSs composite (Fig.  2b) 
were found as 2.25 nm.

3.1.3 � X‑ray photoelectron spectroscopy (XPS)

Quantitative spectroscopic method (X-ray photoelectron 
spectroscopy) was used to for determine the elemental 
analysis and the elements chemical-states of the materials. 
The XPS spectra of Cu 2p, Zn 2p, and O 1s are displayed in 
Fig. 3a. From Fig. 3b, the spin orbit peaks of the Zn 2p(3/2) 
and Zn 2p(1/2)binding energy appeared at around 1020.0 and 
1041.1 eV. From Fig. 3c, Cu 2p(3/2) and Cu 2p(1/2) binding 
energy appeared at around 931.5 and 951.1 eV. Figure 3d 

Fig. 1   XRD patterns of the prepared CuO NSs (a) and ZnO QDs/
CuO NSs composite (b)

Fig. 2   TEM images (a) and particle size distribution histogram (b) 
of ZnO QDs/CuO NSs composite
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indicated the O 1s spectrum at 528.0 eV is assigned to lat-
tice oxygen (O2

−) for ZnO QDs/CuO NSs.

3.1.4 � UV–Vis absorption spectroscopy

Figure 4 represents the UV–Vis absorption spectra of the 
as-synthesized CuO NSs and ZnO QDs/CuO NSs compos-
ite. These spectra are almost identical except for the slight 
variation in peak position and intensity of the absorbance 
band of the ZnO QDs/CuO NSs composite composite. The 
absorption band edge of ZnO QDs/CuO NSs composite is 
red-shifted compared to CuO NSs, which may be due to the 
restoration network of the π-π conjugation of ZnO QDs in 
the composite [16]. The energy band gap (Eg) can be deter-
mined by using the following relation [17, 18]:

where α, hν, and A are the coefficient of absorbance, the 
energy of the incident photons, and a constant, respectively. 

(�h�)2 = A(h� − Eg)

Fig. 3   The XPS spectra of survey spectrum for the ZnO QDs/CuO NSs composite (a), The fine spectra of Zn 2p (b), Cu 2p (c) and O 1s (d)

Fig. 4   UV–visible spectra of CuO NSs (a) and ZnO QDs/CuO NSs 
composite (b)
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The energy band gap of the CuO NSs is calculated to be 
2.01 eV whereas for the ZnO QDs/CuO NSs composite a 
value of 1.86 eV is determined.

3.2 � Photocatalytic activity

The photocatalytic performance of the as-synthesized 
CuO NSs and ZnO QDs/CuO NSs composite is evaluated 
by investigating their catalytic efficiency for the degrada-
tion of TeNT under the sunlight and UV light. The pho-
tocatalysis efficiency of the ZnO QDs/CuO NSs composite 
was recorded as a function of irradiation time with a regu-
lar interval. The photodegradation percent is calculated by 
using the following relation [19–24]:

where Co and C are the concentrations of the TeNT before 
and after irradiation, respectively. Figure  5 shows the 
amount of the degradation increase with time as expected. 
However, this photocatalysis efficiency of ZnO QDs/CuO 
NSs composite is clearly higher than CuO NSs are used as 
photocatalyst. These results indicate that the chemical bond 
coupling between the CuO NSs and ZnO QDs increase 
the photocatalytic activity for photodegradation. The pho-
tocatalytic properties of the materials strongly depend on 

Photodegradation percent =
(C0 − C)

C0

× 100

the active surface area available for the interaction with 
the TeNT molecules, which causes a delay in recombina-
tion of electrons and holes. The photogenerated electrons 
are transferred to the active surface of the catalyst and react 
with O2 present in the sample, which then is converted into 
O2

−. The interaction of the photocatalyst with water pro-
duces OH radicals. The O2

− superoxide and OH radicals 
act as strong oxidizing agents, which decomposing TeNT. 
In the process of photodegradation, the absorption of pho-
tons by the CuO NSs and ZnO QDs/CuO NSs composite 
when irradiated with UV light and sunlight results in holes 
in the valence band and a transfer of electrons into the 
energy states lying below the conduction band. The photo 
degradation of TeNT under sunlight is higher than UV 
light. The mechanism of the photocatalytic degradation of 
TeNT can be described by the following reactions:

According to the kinetics following the Langmuir–Hin-
shelwood mechanism, the pseudo rate constant k for the 
photocatalytic degradation reaction of the TeNT can be cal-
culated by the following relation:

where t is the time of irradiation.
Table 1 presented the kinetics study for TeNT degrada-

tion at different light. The straight line ln(C0/Ct) was plot-
ted against time confirming the assumed first-order kinetics 
(figure not shown).

3.3 � Antibacterial activity

We have also studied the antibacterial activity of the CuO 
NSs and ZnO QDs/CuO NSs composite. The measure-
ments were performed on E. faecalis (gram positive) and 
M. luteus (gram negative) bacterial strains as zone of inhi-
bition tests. The sizes of the inhibition zones found were 
different depending on the type of bacteria. A larger inhi-
bition zone indicates a greater effect on the microbes due 
to the interaction with the CuO NSs and ZnO QDs/CuO 
NSs composite, while a smaller inhibition zone points to a 
less efficient antibacterial activity. The antibacterial activ-
ity of the CuO NSs and ZnO QDs/CuO NSs composite are 
shown in Fig. 6. A possible explanation for the anti-micro-
bial activity of the metal oxide nanostructures against the 
E. faecalis and M. luteus bacterial strains is an electrostatic 

Catalyst + h� → h+ + e−

e− + O2 → ⋅O2

OH− + h+ → ⋅OH

TeNT + ⋅ O2 or ⋅ OH → Degraded product
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Fig. 5   Degradation efficiency of TeNT by CuO NSs (a) and ZnO 
QDs/CuO NSs composite (b) under UV and Sunlight irradiation 
(T = 25 °C, catalyst dose: 10 mg)

Table 1   The first-order rate constants from degradation of TeNT

System process k (min−1) R2

A-UV light 1.06 × 10−2 0.9998
A-Sunlight 1.69 × 10−2 0.9972
B-UV light 2.43 × 10−2 0.9982
B-Sunlight 2.91 × 10−2 0.9981
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interaction between the positive metal oxide nanostruc-
tures and the negative charges of the microbes [25], which 
prevent the further growth of the microbes. It could also 
be due to the fact that the semiconducting nanomaterials 
release ions. These ions react with the proteins present in 
the bacterial cells, which leads to death of the microbes 
[26, 27]. It was found that the MIC values for the antibacte-
rial assay in the presence of nanomaterials and were around 
0.25 mM with, and inhibition value of E. faecalis for CuO 
NSs and ZnO QDs/CuO NSs composite are 71.9 and 87.9% 
and inhibition value of M. luteus for CuO NSs and ZnO 
QDs/CuO NSs composite are 61.9 and 76.9%, respectively 
(Fig. 6).

4 � Conclusions

We have performed a synthesis of CuO NSs and ZnO QDs/
CuO NSs composite via a hydrothermal method. The syn-
thesized samples were characterized by XRD, TEM, X-ray 
photoelectron and UV–Vis absorption spectroscopy. TEM 
measurements confirmed the ZnO QDs dispersed over CuO 
NSs. The decrease in the value of the optical band gap cal-
culated using UV–Vis data of the ZnO QDs/CuO NSs com-
posite compared to CuO NSs may be due to the interaction 
between CuO NSs and CuO NSs. The CuO NSs and ZnO 
QDs/CuO NSs composite are successfully applied for the 
photocatalytic degradation of TeNT under direct sunlight 
and UV light irradiation. In summary, the ZnO QDs/CuO 
NSs composite shows a considerable potential for an appli-
cation as photocatalytic and antibacterial material.
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