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ABSTRACT

ARTICLEINFORMATION

Eu doped zinc sulfide quantum dots (QDs) were prepared by the chemical Co-precipitation method. X-ray diffrac-
tion analysis (XRD), scanning electron microscopy (SEM) and infrared Fourier transform (FT-IR) analysis were
used to characterize the quantum dots. The size of nano-crystals was estimated using a Williamson Hall equation.
Then, the synthesized nanoparticles were studied to investigate the antibacterial effect, containing different strains
of pathogenic bacteria, and the lowest inhibitory concentration and halo diameter were calculated. Williamson
Hall equation of about 6 nm with a strain of 0.7 nm, which is match with the reported size of the SEM image.
The photoluminescence spectrum (PL) of ZnS:Eu QD in excitation wavelength of 280 nm shows two emission
peaks at 384 and 715 nm. In order to use these QDs as photosensitizer in photodynamic therapy, anthracene and
methylene blue chemical detectors were used for detection of singlet oxygen and hydroxyl radical, respectively.
The significant point for these quantum dots is that, in addition to production of hydroxyl radical, they also have
the ability to produce singlet oxygen with UVC radiation. The antimicrobial effect of ZnS:Eu QDs was also
investigated using a disc diffusion method on 11 microbial strains. The results of this test showed that Two micro-

organisms S.dysenteriae, Serotype that were resistant to the antibiotic nystatin and showed the highest sensitivity
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1. Introduction

Due to the different applications of nanoparticles, different synthesis
methods have been developed and used for these materials. The method
used in the synthesis of nanoparticles is very important because it de-
termines the size, shape and stability of the prepared particles. Also, the
presence of a fine-grained microstructure with a high specific surface
area can improve its properties. There are different methods for making
nanoparticles. It should be noted that raw materials will have a signifi-
cant effect on the functional properties of the material, which has many
applications. They can be used in biological materials, antimicrobial
applications, in the treatment of cancer, and to study its photocatalyt-
ic properties. And it has a great effect on environmental pollutants that
can eliminate them. Many substances such as tin oxide, Dy,0,-SiO,,
CoFe,0,@Si0,@Dy,Ce,0,, BiVO,, PrV04/CdO, NiO, Zn — Co — O
have the greatest effect on environmental pollutants and cause its pu-
rification [1-8]. Nanoparticles can also be used to target drugs. Chemi-
cal nanoparticles can be toxic, so use natural substances to target drugs,
such as nano-gelatin, which has minimal side effects [9].

Photodynamic therapy (PDT) is a relatively new method for treating
cancer in which tumor cells are destroyed by reactive oxygen species
(ROS), such as singlet oxygen [10-12]. ROS are produced by photo-
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sensitizer that should be placed close to the tumor cells and is usually
prescribed systematically. The advent of nanostructures provided new
possibilities for PDT [13-15]; which of these, nanoparticles were used
as a photosensitizer, photosensitizer drug carriers and so on. Although
several types of nanoparticles have been used as potential candidates for
PDT detection, but semiconductor nanocrystals (quantum dots) clearly
produce singlet oxygen [16-18]. The luminescence properties of ZnS
nanoparticles are changed by adding impurities to transition metals and
rare earth metals (RE) that are optically and magnetically active [19-22].
ZnS is one of the materials compatible with the environment and it has
a relatively large energy gap of about 3.68 eV at room temperature with
a large binding energy [23]. Bacterial infections are one of the leading
causes of many diseases and may lead to death and drug resistance to
bacteria has caused increasing concern [24]. Recently, nanoparticles are
widely used in antimicrobial activity because their ratio of surface to
volume has increased as the size of particles decreases, so the antioxi-
dant activity of nanoparticles increases and they have a huge impact on
bacteria by removing it [16, 25, 26]. In order to improve the properties
of the material and to have the most effective nanoparticles against ra-
diation, it is to improve the original material by doping impurities in
the main lattice and changing the energy levels of these nanoparticles
improved in catalytic and fabrication processes Solar Cell and nanod-
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Fig. 1. X-ray diffraction patterns of the synthesized ZnS:Eu QDs.
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Fig. 3. SEM image of prepared ZnO:Eu QDs.

rugs [4, 5, 8].

The mechanism of mineral metal nanoparticles against pathogenic
microbes is significant for a achieving synergistic effects with natural
compounds. In a wide range of applications, the hypothetical mecha-
nism of cytotoxicity shown by metal nanoparticles occurs through the
release of ROS-reactive oxygen species. lons lead to the production of
reactive oxygen species in which oxygen radicals react with the mem-
brane and cell components of the bacterial cell and other cellular com-
ponents (such as mitochondria), causing their irreversible changes and
causing the death of the bacterial cell [27-29]. Recently, group II-IV
semiconductor nanoparticles have been used in medical and antibacte-
rial fields due to their biocompatibility and unique properties. ZnS is
biocompatible and semiconductor material which has a direct and ex-
tensive bandwidth of 3.61 eV and is used to fight bacteria [30-32]. Zinc
sulfide is capable of producing red, blue and green luminescence due to
the depletion of RE.

In this research, zinc sulfide QDs were produced with europium im-
purity and structural properties and its emission were investigated. The
ability of these nanoparticles to produce singlet oxygen and hydroxyl
radical was investigated using reagents of anthracene and methylene
blue, respectively. The effects of ZnS:Eu QDs on 11 microorganisms
were also investigated.

2. Materials and methods

ZnS:Eu QDs were synthesized using a Co-precipitation chemical
methods. In this regard, zinc acetate [(CH,COO),Zn.2H,0], Brij-35,
Europium(III) nitrate (Eu (NO,),), and Sodium sulfide [Na,S] were pur-
chased from Merck, and used without further purification.

1.075 g zinc acetate was mixed with 0.5 mol% of Europium(III) ni-
trate in deionized water, and the resultant solution was placed on a mag-
netic stirrer to homogenize it during 60 min at room temperature (25°C),
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Fig. 2. Graph calculation strain and size ZnO:Eu QDs.
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Fig. 4. EDS spectra of ZnS: Eu QDs. The percentage of elements in the attached
table is shown in the figure.
Brij-35 with a volume ratio of 1:1 was added to the solution of the mix-

ture, and it was placed on a magnetic stirrer (1500 rpm) for 2 h at 25°C.
Sodium sulfide dissolved in deionized water was added to the solution,
which was obtained in this step a milky and completely smooth solution.
All steps were carried out at room temperature and also, to remove the
extra salts in the precipitate prepared, several times the washing step was
repeated with ionization water using centrifuges, then the resulting pre-
cipitate was placed in an oven for 2 h at 90 °C. In this step, the quantum
dots of europium doped zinc sulfide were obtained.

For structural analysis and check fuzzy conditions, patterns of X-ray
diffraction (XRD) using CuKa radiography X-rays nickel filtered were
recorded. The scanning electron microscope (SEM) of the MIRA3
FEG-SEM-TESCAN model was used to study the microstructures of
the quantum dots and the functional groups in the structure were char-
acterized by spectrum from the Fourier transform infrared spectrometer
(FT-IR) of the MagnalR550 model. Optical properties of quantum dots
using photoluminescence spectroscopy of Perkinelmer LS55 model and
xenon arc as an excitation source at room temperature and also UV-
Vis spectroscopy were evaluated to UV-Vis spectrometer (UVS-2500,
PHYSTEC, Iran).

3. Results and discussion
3.1. XRD, SEM and energy dispersive spectrometry (EDS) analysis

As shown in Fig. 1, the XRD pattern confirms the structure of eu-
ropium doped zinc sulfide quantum dots. The main peaks of ZnS:Eu
related to the crystalline plates (1 1 1), (22 0) and (1 1 3) that these peaks
correspond to the reference spectrum of 80-0020, which indicates the
crystalline structure of ZnS:Eu is cubic.

Crystal structure was investigated using X-ray diffraction (XRD;
model: Philips X pert Pro MPP with Cu Ka radiation filtered by Ni, and
A= 0.1540 nm) analysis. In this regard, the average crystallite size (D)
of ZnS:Eu NPs was estimated based on the Scherrer formula as given

below:

(O]

D=
Pcosd

[33]. Moreover, the average crystallite size is obtained to be about
6 nm. One of the defects that can express in Sheerer’s method is that
the peak broadening is only related to the crystallite size. While stud-
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Fig. 5. Emission PL spectra of the synthesized ZnS:Eu QDs in excitation wave-
length of 280 nm.
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Fig. 7. FT-IR spectra of ZnS:Eu QDs.

ies show that the width the peak is in addition to the grain size to the
strained lattice depended, so the Williamson-Hall equation can be used
to solve the problem. According to this equation, the size of the grain
and the strain lattice can be introduced as the factor of broadening the
peak. So:

B=ps+Py )
broadening of intensity peak due to grain size and peak broadening
due to strain lattice broadening. The strain lattice broadening cause re-
duces or increases the distance between the crystalline plates. According
to Bragg’s law, by changing the distance between the crystalline plates,
the angle where the peak is seen changes and this change leads to peak
broadening. The Williamson Hall relationship is presented as follows
[34]:
ﬁcos&=2€sin9+% 3)
D

By graph plotting the PCos6 versus Sin®, is the slope representing
the strain in the nanoparticles (Fig. 2). Also, by calculating the intercept,
the grain size can be calculated; therefore, according to the calculations,
the crystallite size about 6 nm with a strain 0.07 was measured.

The size of the QD obtained from the SEM image is also well coor-
dinated with X-ray diffraction, which implies that the nanostructure is
formed. The SEM image is shown in Fig. 3, which is a good homoge-
neity. On the other hand, Fig. 4 shows the EDS spectrum of the ZnS:Eu.
The presence of the elements Zn, S and Eu with respective atomic per-
centages of 33.99%, 65.65%, and 0.5% is confirmed with the stoichio-
metric amount.

3.2. PL and FTIR analysis

The photoluminescence spectrum in excitation wavelength of 280
nm of europium doped zinc sulfide QDs is shown in Fg. 5. Usually,
emission bands in the visible and ultraviolet region in the photolumines-
cence spectrum ZnS:Eu QDs can be seen. In this spectrum, two peaks
are observed in wavelengths of 384 and 715 nm. Emission peak at 384
nm of zinc sulfide QDs is due to lattice defect. Also, the emission peak
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Fig. 6. UV-Vis absorption spectra of ZnS:Eu QDs.
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Fig. 8. UV-Vis spectra of anthracene and anthracene+ZnS:Eu before and after
irradiation with a) UV-A and b) UV-C sources.
at 715 nm is related to the Eu® ion due to the transition of °D, to 'F,

[35-39]. Fig. 6 shows the visible-ultraviolet absorption spectrum of eu-
ropium doped zinc sulfide quantum dots that a absorption peak at 272
nm is seen.

The FTIR absorption spectra of europium doped zinc sulfide QDs is
shown in Fig. 7. The absorption peaks in the region 1359-1450 is related
to the stretching vibrations of the C-O and the absorption spectrum in the
1620 is correspond to stretching group of the S-O [40]. The absorption
peaks at the 467 , 658 and 1007 regions are related to the stretching
vibrations of the Zn-S [41]. In the 3395 region, an absorption peak is
observed, which corresponds to the O-H bond.

3.3. Singlet oxygen and hydroxyl radical production

The structure of anthracene changes in the presence of singlet oxy-
gen and is converted to anthraquinone and therefore the absorption or
emission of anthracene reduced. To access a correct evaluation of the
value singlet oxygen, six samples from anthracene solution and anthra-
cene solution along with europium doped zinc sulfide QDs at the same
concentrations were made and the absorption spectra before and after
irradiation with light sources of UV-A and UV-C was recorded. In Fig.
8a,b, the anthracene absorption spectra are observed in irradiation of dif-
ferent UV wavelengths. The decrease in the absorption intensity of an-
thracene after irradiation demonstrates the production of singlet oxygen
and the greater reduction indicate the more production of singlet oxygen.
As for the spectrum shown in Fig. 8a that is case irradiated located with
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Fig. 9. UV-Vis spectra of methylene blue and methylene blue+ZnS:Eu before and
after irradiation with a) UV-A and b) UV-C sources.

the UV-A source, can’t be seen much reduction in absorption intensity of
the anthracene solution or anthracene+ZnS:Eu QDs solutions, indicating
that in this area of wavelengths is not produced the singlet oxygen. With
observing the spectra located in Fig. 8b, the decrease in the absorption
intensity of anthracene+ZnS:Eu QDs solutions after UV-C irradiation is
signally seen while such a decrease is not yet observed for the anthra-
cene sample alone, which can be attributed to the production of singlet
oxygen at the presence of europium doped zinc sulfide QDs in the an-
thracene solution.

Table 1.

The results of the evaluate the antimicrobial activity of ZnS;Eu QDs using 11 microorganisms.

The MB is a dye type that oxidized in the presence of hydroxyl rad-
ical and decomposes into CO, and H,O. According to the Beer-ambert
law, the MB concentration affects the methylene blue absorbance, so the
destruction of methylene blue structure leads to a decrease in its absorp-
tion intensity [1, 42, 43]. Hydroxyl radical was detected using methylene
blue as a free radical sensor. For this purpose, as mentioned in the sec-
tion of singlet oxygen detection, six samples with the same concentra-
tions with and without the presence of synthesized QDs in methylene
blue solution were prepared and were exposed at different wavelengths
of UV. In Fig. 9a that is related to irradiation source of UV-A, reducing
of the intensity of methylene blue absorption is not observed for any
of samples of methylene blue-alone and methylene blue+ synthesized
QDs, but on the spectra shown in Fig. 9a,b, a significant decrease of the
absorption intensity is seen after UV-C irradiation, that indicating the
production of hydroxyl radicals in the presence of europium doped zinc
sulfide quantum dots.

3.4. Disk diffusion assay

The diffusion disc method was used to evaluate the susceptibility
and resistance of bacteria against antibacterial. This method was per-
formed according to CLSI (Clinical and laboratory standards institute).
The test was performed on sheets Mueller Hinton Media contains Agar
culture medium and wells with a diameter of 0.6 mm on the culture
medium, then 100 pul of bacterial suspensions with turbidity equivalent
to 0.5 McFarland at the same condition was cultivated. ZnS:Eu QDs
were dissolved in dimethyl sulfoxide to a concentration of 30 mg/ml.
The amount of 10 pl, equivalent to 300 pg, was poured into each sump
of QDs inside the sumps, the plates were placed at incubator in a tem-
perature of 37 °C for 24 h and its antimicrobial activity was obtained for
each microorganism to measuring the growth aura. In the larger diame-
ter of the aura, the bacterium is more sensitive to the antibacterial. In this
study, ZnS:Eu QDs were introduced as an antibacterial substance. This
test is used to evaluate the antimicrobial activity of nanoparticles using
11 microorganisms shown in Table 1. In the diffusion disc, the diameter

Test microorganisms ZnS: Eu Antibiotics
Rifampin Gentamicin Nystatin
DD*? MICP DD* MI‘b DD® MIC® DD? MIC®
B.subtilis 9 125 19 31.25 22 3.90 NA NA
S.epidermidis - 62.50 27 1.95 45 1.95 NA NA
S.aureus - 125 11 1.95 20 1.95 NA NA
E.coli - 62.50 11 3.90 20 3.90 NA NA
K.pneumonia - 62.50 8 15.63 17 3.90 NA NA
S.dysenteriae - 31.25 9 15.36 17 3.90 NA NA
S.paratyphi-A serotype - 31.50 8 15.63 18 3.90 NA NA
P.aeruginosa - 62.50 - 31.25 20 7.81 NA NA
S.pyogenes - 125 21 0.975 32 0.975 NA NA
A niger - - NA NA NA NA 27 31.2
C.albicans - 62.50 NA NA NA NA 27 31.2

A dash (-) indicate no antimicrobial activity.
*DD (Disk diffusion method), Inhibition zones in diameter (mm) around the impregnated disks.

®MIC (Minimal Inhibition concentrations as pg/ml), NA (Not applicable).
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of the measured growth retardation aura showed sensitivity only to the
bacterium B.subtilis, and the installation drop was 9 mm and it didn’t
have any great effect on other bacteria.

3.5. Minimum inhibitory concentration

In order to determine the better performance and effectiveness of the
synthesized QDs on microorganisms, the analysis of determining the
minimum inhibitory concentration (MIC) was studied. MIC is the low-
est inhibitory concentration that prevents microbes from growing. This
analysis was calculated for susceptible microorganisms by micro-well
dilution assay. For this purpose, micro-pages of 96 sterile houses were
prepared. For each of the plates, 95 ul of culture medium, 5 pl of bac-
terial suspension were diluted with 0.5 ml of McFarland and 100 pl of
the QDs were added and then the plate was heated in an incubator at
37 °C for 24 h. MIC was also calculated for nanoparticles and the ob-
tained results were reported in Table 1. Eleven microbial strains showed
a great sensitivity to low yields under experiment. By increasing the
concentration of nanoparticles, the inhibitory effect of microorganisms
is increased. The highest susceptibility of ZnS:Eu nanoparticles to C.Al-
bicans microorganisms, which are classified as fungi, was determined.
Nanoparticles had a relatively good inhibitory effect on other bacteria.

4. Conclusion

Synthesis of europium doped zinc sulfide QDs was done to Co-pre-
cipitation method. Using XRD, SEM and EDS analysis the structural
properties of the synthesized nanoparticles were studied. In the ZnS:Eu
photoluminescence spectra, two peaks are observed that the peak related
to in the ultraviolet region and the visible region due to lattice defects
and Eu’*ion, respectively. In order to investigation of the applicability
of ZnS:Eu QDs in the treatment of photodynamic therapy, two chemical
reagents of anthracene and methylene blue were used for detection of
singlet oxygen and hydroxyl radical, respectively. According to obtained
results of absorption spectrum of anthracene and methylene blue solu-
tions, In the presence of quantum dots, production of singlet oxygen and
hydroxyl radical was proved. These results shows that only under irra-
diation of UV-C, the hydroxyl radicals and singlet oxygen are produced
and the UV-A light is not proper source for excitation of the synthesized
QDs. Also ZnS:Eu nanoparticles showed inhibitory effects against mi-
croorganisms. The largest diameter of the non-growth aura is assigned
to the bacterium B.subtilis and the minimum inhibitory concentration of
nanoparticle growth is assigned to the gram-negative bacterium C.Al-
bicans.
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