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Silver tellurides (Ag.Te) quantum dots (QDs) have gained much attention in biological
applications due to their unique photoluminescence properties and good biocompatibility. In
this study, the chemical co-precipitation method was used to successfully produce Ag.Te.
Several methods were used to examine the morphological, structural, and optical
characteristics of the produced NPs, including XRD, FE-SEM, EDX, FT-IR spectroscopy, and

UV-visible and their antimicrobial activity was studied against bacteria. FESEM analysis
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displayed the shape of NPs to be irregular shape, the mean particle size is within the range
were 30-100 nm. The x-ray diffraction results showed that the NPs structure is monoclinic.
The UV-visible spectrum showed the absorption in the range 330 nm with a band gap energy
of 2.7 eV. Wemple Di-Domenico's Single Effective Oscillator Model was used to calculate
refractive-index dispersion as well as other associated parameters. According to the findings,

0.15 nanoparticles displayed antibacterial properties, implying that they could be employed in
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medicine.
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1. Introduction

Metal nanoparticles are important because of their
unique electrical, optical, and physiochemical
properties that differ greatly from those of bulk
materials [1]. Large surface area, quantum effect, and
small size effect silver NPs show outstanding
performance in a variety of domains, including
medication delivery, gene therapy, optics, and
optoelectronics. Metal tellurides' distinct physical
characteristics have garnered a lot of interest. The four
most prevalent stable phases of the Ag,Te class of
compounds, which have different stoichiometries, are
AgsTes, Ag.Te, AgTe, and Ag;Tes [2]. Ag,Te has
drawn a lot of attention lately because of its intriguing
and practical properties [3]. With its promising
thermoelectric properties, high electrical conductivity,
and huge magnetoresistance, Ag;Te is a major
semiconductor (A2IBIV group) with a wide range of
applications in solar cells, biological systems, and
nonlinear optical devices. AgTe NPs enhanced
electrical conductivity can be attributed to two factors:
(i) higher Charge carrier mobility and (ii) higher carrier
concentration [4-9].

Reduced heat conductivity is linked to increased
phonon scattering at the Ag,Te NPs interface. The
antimicrobial effect is determined using agar diffusion
screening [10-12]. Agar diffusion-based tests, such as
disc diffusion, well diffusion, agar plug, and agar spot
assays, are frequently used and inexpensive procedures
for assessing the antimicrobial activity of test materials.
These methods depend on the antimicrobial substances
dispersing into the surrounding agar medium through
paper discs, wells, or plugs. This stops the bacteria that
was injected from growing on the agar surface [13,14].
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The purpose of this work is to describe the synthesis
and characterization of Ag,Te NPs via co-precipitation
technique. XRD FE-SEM, EDX and UV-visible
spectroscopies were used to characterize the produced
Ag Te NPs. In addition, Ag,Te NP's antibacterial
properties have been assessed.

2. Experimental Procedures

AgTe NPs were prepared using the co-
precipitation technique. Firstly, 0.62 g of TeO, was
dispersions in 100 ml of Ethylene glycol (C,H4(OH);)
under stirring for 30 min at 120 °C. After that, 0.44 g
of potassium hydroxide (KOH) was gradually added to
the solution mentioned above. A magnetic stirrer was
used to separately dissolve 0.74 g of ascorbic acid
(C6HsOs) in 10 ml of deionized water. The ascorbic
solution was added to the TeO, suspension. After this,
To make 1.2 M of silver nitrate (AgNO3) solution, 1 g
of AgNO3 was dissolved in 10 ml of deionized water.
Then, the AgNOs solution was added to the mixture
solution. Finally, a black precipitate was produced
indicating the formation of Ag,Te NPs.

The Ag,Te NPs was centrifuged for separation at
3000 rpm for about 30 min. To get rid of impurities, the
Ag,Te NPs was cleaned six times using distilled water
and ethanol. Then, the pure Ag,Te NPs was dried in the
oven at 80 °C for 3 h Finally the NPs were crushed
using a mortar and pestle to make fine Ag,Te NPs and
stored in a clean bottle for further characterization and
activity evaluation.

A MIRA III Tescan field-emission scanning
electron microscope (FE-SEM) with energy-dispersive
x-ray spectroscopy (EDX) analysis was used to
characterize the sample. FE-SEM provides information
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about the surface morphology of the sample, while
EDX is used for elemental analysis of the prepared. The
phase and crystalline structure were characterized using
PW1730 Philips X-ray diffractometer (XRD). Using a
universal ATR sampling accessory and a spectral range
of 4000 to 500 cm™', the Fourier-transform infrared
(FT-IR) spectroscopy was utilized to examine the
functional groups involved in the formation of
nanoparticles. After that, at room temperature,
measurements in the 200—-800 nm wavelength range
were conducted, the materials were placed in quartz
cuvette cells having a route length of 1 cm.

3. Results and Discussion

The crystallinity of as prepared Ag,Te NPs was
examined using x-ray diffraction (XRD), as illustrated
in Fig. (1). XRD investigations revealed that Ag,Te
NPs have a monoclinic structure. This is consistent
with the literature data for Ag,Te (standard JCPDS card
file, 01-081-1985). As documented in the literature
[15,16]. Diffraction peaks verified that Ag,Te was in its
crystalline form at 20 =26.2851° (200), 28.2196° (-
112),29.9724° (111), 31.0735° (-212), 33.2633° (210),
38.0412° (-312), 39.2267 ° (112), 40.0442° (-311),
41.2868° (313), 42.1831° (211), 44.7379 ° (-402),
47.133° (-314), 51.562° (-123), and 54.1551° (-321),
and 64.459° (-421), and 67.3267° (-225), and 77.3892°
(421).

——Ag,Te
2500

(-312)

2000

Intensity (a.u.)

20(°)
Fig. (1) XRD pattern of Ag,Te NPs

The XRD pattern shows no undesired phases
belonging to any structure, verifying the products'
purity. The inherent strain effect and the crystallite size
effect both cause the XRD peak in nanocrystals to
broaden. Typically, this peak broadening is divided into
two categories: instrumental broadening and physical
broadening. The following relation yields the revised
instrumental broadening [16]:

(Bp)? = (Bm)? — (B)? )

where f;i represents the instrumental broadening, Bm
represents the measured broadening, and p represents
the corrected broadening. FWHM is used to quantify
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the sample's physical and instrumental widening .The
Scherrer equation can be used to calculate the average
crystallite size [24]. Using modified physical
broadening, the crystallite size, calculated using the
Scherrer equation, was found to be 30.5 nm.

kA 0.91
D = = (2)
Bcos6 Bcos6
1 h? | k?

o ateta 3)

where the Miller indices are denoted by hkl and the
inter-planar spacing by dnw. Table (1) contains a list of
every parameter that was established using the XRD
data. Grain boundaries, point defects, stacking faults,
and triple junctions can all cause intrinsic strain in
nanocrystals, which is not taken into consideration by
the Debye-Scherrer formula, which only considers the
effect of crystalline size on the broadening of XRD
peaks [18-20].

Table (1) Structural parameters of Ag,Te NPs matched by
JCPDS card no. 01-081-1985

20 hkl FWHM 20 | FWHM D
(deg) (deg) | (rad) | (rad) | (nm)

26.2851 200 | 0.20467 | 0.229 | 0.004 22
28.2196 -112 | 0.1535 | 0.246 | 0.003 | 458
29.9724 111 | 0.1535 | 0.262 | 0.003 | 556
31.0735 -212 | 0.1535 | 0.271 | 0.003 | 70.6
33.2633 210 | 0.30701 | 0.290 | 0.005 | 19.6
38.0412 | -312 | 0.1535 | 0.332 | 0.003 | 47.1
39.2267 112 | 0.17909 | 0.342 | 0.003 | 17.2
40.0442 | -311 | 0.40934 | 0.349 | 0.007 | 474
41.2868 313 | 0.1535 | 0.360 | 0.003 | 57.5
42.1831 021 | 0.1535 | 0.368 | 0.003 | 234
447379 | -402 | 0.30701 | 0.390 | 0.005 | 285
47.133 -314 0.09 0411 | 0.002 | 119
51.562 -123 | 0.61402 | 0450 | 0.011 | 18.2
54.1551 -321 | 0.30701 | 0.473 | 0.005 | 15.2
64.459 -421 | 0.25584 | 0.563 | 0.004 | 155
67.3267 | -225 | 0.61402 | 0.588 | 0.011 | 117
77.3892 421 | 0.81869 | 0.675 | 0.014 | 1242
Mean Crystallite Size 30.5

Figure (2a,b) represents the FE-SEM images
Surface morphology and the shape of the synthesized
Ag,Te NPs were deduced at different magnifications
by FE-SEM as illustrated in Fig. (2¢), the particle had
an irregular shape with varying sizes. The particle size
distribution was irregular, with most particles ranging
in diameter from 30 to 100 nm. In addition, the size
distribution of the prepared Ag,Te NPs was shown as a
histogram in Fig. (2¢). The average diameter of these
NPs is 59.6 nm. The average diameter of the Ag,Te
NPs was determined using the Image J analysis. The
elemental makeup of the produced Ag,Te NPs was
verified using the EDX. The EDX spectrum Fig. (2c)
suggests the existence of silver (Ag) and telluride (Te)
elements. Showed an optical absorption band peak of
silver Ag at approximately 2.5 keV, the weight of Ag
and Te is 81.4% and 18.6%, respectively [21-23].
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Fig. (2) FE-SEM images (a and b at different magnification), (c)
Histogram of Particle Size NPs, (d) (EDX) spectrum of Ag,Te

The chemical composition of Ag,Te nanoparticles
was investigated using the FT-IR method. According to
Fig. (3a) very strong and broad band at about 3446.79
cm’! is observed which is attributed to O-H vibrations
absorbed from moisture. The peak at 2987.74 cm™ is
attributed to C-H stretching. These asymmetric C-H
and N-H stretching vibrations are related to the band
seen at 2893.22 ¢cm™! which may be due to the residual
organic matter in the sample. While the bands at
1716.65 cm™! were assigned to C=0 stretching that may
be related to the vibrations of carbonyl residues, the
stretching of the C—C functional group was confirmed
by the peak values occurring at 1425.40 cm’!, and the
peaks observed at 993.34-430.13 cm™! are related to the
lattice vibrations and Ag—Te bonds [24-25].
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Fig. (3) FTIR spectra of pure Ag,Te NPs

The UV-visible absorption is displayed in Fig. (4a)
an absorption peak at 330 nm confirms the successful
formation of Ag,Te NPs [26]. Therefore, the point
where the tangent of the Tuac Plot intersects the energy
axis (Fig. 4b) was determined to represent the energy
band gap (E,) of Ag,Te NPs. This is supported by the
following equation [27]:
ahv=A (hv - E)* 4)
where E, is the energy band gap, Av is the photon
energy, o is the absorption coefficient per unit thickness
(i.e., a =2.303A/t), and A is a proportionality constant

The direct band gap of the samples was calculated
by plotting (ahv)?. The Ag;Te NPs were found to have
an energy band gap of roughly 2.7 eV. This result is in
good agreement with the energy band gap values of
Ag>Te that have been reported in the literature [28-30].

The dispersion is a crucial component that must be
taken into consideration when choosing materials for
prospective uses or optoelectronic device designs that
utilize spectral dispersion. The Single Effective
Oscillator Model (SEOM-WDD), put forth by
Wemple-Di-Domenico, is the best model for analyzing
these features of the dispersion energy parameters.
Wemple and DiDomenico defined Eq and E, by using a
single oscillator model of the frequency-dependent
dielectric constant [31].

(0 =) = 2

Rearranging this equation to get:
_ E3—(h)? _ E, (h1)?
(le B 1) = EqEo - a B EqEo (6)

Thus, the index of (n?-1)' versus (hv)?> can be
plotted and straight lines can be fitted to the points to
represent this equation, as illustrated in Fig. (5). As a
result, anyone can obtain a straight line with a slope
equal to [1/E¢E,] and an intercept on the y-axis at a
value supplied by this term (Eo/Eq). As such, For the
NPs samples displayed in Fig. (5), the energy values of
the dispersion (strength), Ed, and the effective single
oscillator, E,, can be computed. The values of E, and
Eq are given in table (2). The following relation can be
used to derive the static refractive index (n,) by
evaluating (n-1)"! versus (hv)? [32]:

ne = (1450 ™
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Fig. (4) (a) UV absorbance spectrum and b) energy band gab of
a Ag,Te NPs

Table (2) Some important optical characteristics that were
estimated for the Ag,Te NPs

EoEs 275
E2 85.1125
E, | 9.225643609
E, | 4612821804
Es | 29.80821845

n2(0) | 4.231017771

no(0) | 2.056943794
e | 4.231017771
M: | 3.231017771
Ms | 003796173

The incident photon energy (Av) approaches zero
according to the Wemple-DiDomenico relationship.
Table .2 shows the computed static refractive index (n,)
for all films. The [Eo] and [Eq] values from the fitted
transmittance spectra are used to calculate the (M.;) and
(M) moments of the optical spectra using two

equations [33,34].
M-z

B2 =52 @®)
M3
B} =1t ©)
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Fig. (5) Plot of (n%--1)'with (hv)? for Ag,Te NPs

The antibacterial performance of the Ag,Te NPs
was assessed using the agar well diffusion method,
tested against two clinical pathogens used to investigate
the bactericidal properties of these nanoparticles; S.
aureus and K. pneumoniae as sources of both Gram-
positive and Gram-negative bacteria, respectively.
Mueller-Hinton agar plates were prepared for this
purpose. A sterile tip was used to bore wells with a
diameter of 6 mm on the agar plates after the organisms
had been cultivated. Various concentrations of Ag,Te
NPs samples were used in the bored wells, four wells
were made in each plate and were inoculated in each
well. The cultured plates containing the samples
(Ag:Te) and test organisms were incubated at 37°C
overnight. The zone of inhibition in response to the
challenge was measured after 24 hours. Figures (6) and
(7) illustrate zones of inhibition of K. pneumoniae and
S. aureus against Ag,Te NPs at concentrations ranging
from 12.5 pg/mL to 100 pg/mL.

The nanoparticles showed a strong antibacterial
effect of NPs. Table (3) displays the average zone of
inhibition values (mm). The zone of inhibition for S.
aureus was 15—17 mm, whereas K. pneumoniae was
17-19 mm. The inhibition zone increased as the
concentration of nanoparticles was increased. Since Ag
NPs have a very large surface area, they can make
better contact with microorganisms and exhibit
effective antibacterial properties. Depending on their
size, the nanoparticles either adhere to the bacteria's
surface or pass through their cell membrane [35].

Table (3) The antimicrobial properties of Ag,Te NPs

Antibacterial analysis (inhibition zone (mm))

Sample A| B [ D E
K. pneumoniae | 6 | 17 | 175 | 18 | 19
S. aureus 6 | 15| 155 | 165 | 17
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Fig. (6) Antimicrobial studies to various concentrations of Ag,Te
NPs against K. pneumoniae (A) control, (B) 12.5pg/mL, (C)
25ng/mL, (D) 50pug/mL, and (E) 100pg/mL
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Fig. (7) Antimicrobial studies to various concentrations of Ag,Te
NPs against S. aureus (A) control, (B) 12.5ng/mL, (C) 25png/mL,
(D) 50pg/mL, and (E) 100pg/mL

5. Conclusion

In this paper, Ag>Te nanoparticles were prepared by
co-precipitation method. XRD studies indicated that
the synthesized Ag,Te NPs show a crystalline shape
with a mean crystallite size of 30.5 nm. FE-SEM
images revealed that the Ag>Te NPs were irregular in
shape with diameters of 30—100 nm. The synthesized
Ag Te NPs showed an absorption peak at ~330nm.
EDX results confirmed the presence of Te and Ag with
a pure phase. Therefore, the synthesized Ag,Te NPs
proved to have antibacterial activity. Our results
confirm the potential of AgrTe NPs synthesis in a
simple, fast, and cost-effective.
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