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ABSTRACT 
 

Composites of Telluride are an extremely rare element most commonly used in combination with 
other metals to increase their machinability and bioactivity due to its mild toxic nature. Bacteria are 
currently used to separate a number of elements from their sources, most notably in the 
bioleaching of Zinc and Silver from their ores. Using biosynthesis method Zn doped AgTe materials 
were synthesized and characterized by using X-ray Diffractometer, Fourier Transform 
Spectroscopy and its applications of bacterial results. From structural studies the crystal size was 
nearly 52 nm, and FTIR spectrometer shows the vibrational frequency of the Zn doped AgTe NPs. 
Five different bacterial strains both positive and negative and its bioactivity can be measured. The 
results that were obtained in this research including the Zones of Inhibition (mm) for all the gram 
positive and gram negative bacteria that were bio assayed in this research. 
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1. INTRODUCTION 
 
Nanotechnology industry is expanding at a rapid 
rate and deep investigation of the health and 
environmental effects of these materials is 
necessary. Zn, Ag materials, due to their novel 
properties, was promising components in a           
wide range of nanoscale devices for future 
applications. Zinc and Silver are a versatile 
semiconductor material with a wide band gap of 
above 3 to 3.5 eV at room temperature, which 
has been found useful in many applications such 
as opto-electronic devices, surface acoustic 
wave devices, field emitters, piezoelectric 
devices, transparent conducting materials and 
solar cells [1]. 
 
Zn, Ag nanoparticles are one of the most 
promising materials for the fabrication of 
chemical and biosensors due to having exotic 
and versatile properties including biocompati-
bility, nontoxicity, chemical and photochemical 
stability, high specific surface area, optical 
transparency, electrochemical activities, high 
electron communicating features and so on [2] 
the biosynthesis of Zinc and Silver were 
achieved by a novel, biodegradable and 
convenient procedure [3]. 

 
Zn doped telluride based semiconductors with 
wide bandgaps have attracted much interest for 
blue and blue-green light emitting diodes (LEDs) 
and Laser diodes (LDs). The poor ohmic contact 
to P-Zn doped AgTe layers limits the 
performance of these devices. To minimize the 
contact problem, highly doped P-type Zn doped 
AgTe as a contact layer as intermediate 
semiconducting layers between the metal and P-
type Zn doped AgTe have been investigated. Zn 
doped AgTe alloy is a candidate material for 
blue-green and yellow LEDs. Zn doped AgTe 
and related compounds are prepared here by 
different Bio synthesis method. Spectroscopy 
has been established as a powerful and useful 
tool not only in the field of chemistry, but also in 
physics, biology, medicine, pollution and so on. 
Every branch of Spectroscopy from microwave to 
Gamma rays has been effectively used both 
quantitatively and qualitatively. Advances in IR 
spectroscopy had a significant impact on 
analyzing assays for biomedical and biological 
applications. Both food science and 
spectroscopic are showing an increasing interest 
in the medical applications of mid-infrared 
spectroscopy. The applications of FTIR are being 

supported as a reliable tool for the analysis of 
carbohydrate, lipids, fat and protein [4]. 
 
2. EXPERIMENTAL 
 
The peel of this garlic was used as a reducing 
agent in the synthesis process. Zn doped AgTe 
NPs exhibit unique and tunable optical properties 
on account of their shape and size distribution of 
the nanoparticles. XRD measurements of the 
Allium sativum peel mediated synthesized Zn 
doped with AgTe NPs were carried out. The 
diffracted intensities were recorded from 30° to 
80° angles. The sizes of the nanoparticles were 
confirmed by using TEM analysis (transmission 
electron microscopy – Hitachi H-7100 using an 
accelerating voltage of 120 kV and methanol as 
solvent). 
 

Fresh peels of Allium sativum were collected, 
washed thoroughly with double distilled water 
and dried in air and powdered. About “4 gm” of 
Allium sativum peel powder was mixed with 40 
mL of double distilled water at room temperature 
(25°C). This extract was filtered through nylon 
mesh (Spectrum), followed by Millipore 
hydrophilic filter (0.22 mL) and used for further 
experiments [5]. 
 

To prepare solution finely powdered samples of 
~ 10 gm of AgTe were made with X= 0.6. The 
starting reagents (Zinc metal basis, 99.9995%; 
silver telluride, metal basis, 99.999%) were finely 
ground, mixed in the correct stoichiometry and 
sealed in quartz tubes under vacuum. The 
weighed, 10 gm of AgTe with Zn (1.406 gm) 
powder have to taken in the round flask of 100 ml 
and have to dissolve it in distilled water. Then in 
an double neck round bottom flask 2 ml of Garlic 
peel extract and 18 ml of ethanol solvent have to 
be taken and the prepared this solution of 80 ml 
have to take in the double neck round bottom 
flask. 
 

The prepared solution has to be keep for 
reflexing at 60°C for 1 hr. Then the remaining 
solution has to be taken under centrifuging. The 
remaining solution has to taken in centrifuge 
tubes with an equal quantity. The precipitate like 
Zn doped AgTe NPs material was centrifuged 
tubes after centrifuging. The ethanol solution was 
poured out and remaining solvent had to keep it 
in oven under 250°C for 2 hr [6]. 
 

Centrifuge: Centrifuges are high-speed rotational 
instruments to deposit precipitates by the 
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centrifugal force. Centrifuge tubes have a conical 
bottom that enables to collect a small amount of 
the sample. Do not use cracked centrifuge tubes, 
which might be broken upon centrifugation. 
 
Keep the sample volume below the half of the 
tube height, or the liquid might overflow upon 
centrifugation. Wipe off liquid outside of the tube, 
or the tube holder might be corroded. Insert a 
pair of centrifuge tubes in two holders located at 
opposite positions in a centrifuge. The weights of 
these tubes containing the samples must be 
equal [7]. 
 
The colors of the solid solutions vary gradually 
from dark red (AgTe) to brownish yellow (Zn) 
decreases reflecting the band-gap of the alloy 
samples smoothly changing in the optical 
frequency range. 
 
FT-IR spectra (Fourier Transform Infrared 
Spectrometer) were recorded on Jasco FT-
IR5300 model spectrophotometer in KBr pellets 
in the range of 4000- 400 cm

-1
 for Green and 

Chemical methods. Crystal phase identification 
of the samples were characterized by powder X-
Ray Diffractometer (XRD, PAN Analytical) with 
Cu (Kα) radiation (ʎ =0.15406 nm) operating at 
40 kv and 30 mA with 2θ ranging from 10- 90° for 
biosynthesis method. To remove the non-metal 
components along with a maximal recovery of 
metal nanoparticles from the synthesized 
solution, an optimal centrifugation process was 
obtained based on tests of centrifugation force 
12,000 rpm for 30 min. The centrifugation 

process was done using refrigerated centrifuge 
(REMI, India). The purified solution of metal 
nanoparticles were then freeze dried using a 
lyophilizer (Micro Modulyo 230 freeze dryer, 
Thermo Electron Corporation, India). Then dry 
powder was mixed with 10 ml deionised water 
and kept on a sonicator to prevent aggregation of 
ions. 
 

3. RESULTS AND DISCUSSION 
 
The homogeneity of the samples was checked 
using X-ray diffraction by monitoring the width 
and line-shape of the (241), (212) and (571) 
Bragg peaks measured on a rotating anode Cu 
Kα source. Finely synthesized powdered samples 
were sieved through a 200-mesh sieve and then 
packed into pellets and measured in symmetric 
reflection geometry. The high intensity (241), 
(212) and (571) peaks along with other peaks are 
reproduced in Fig. 1. Saravanakkumar, D et al., 
reported that the results from Green or bio 
synthesizes deviates slightly the predominant 
planes very small angle (0.1)° [8]. 
 

The line-widths are narrow and smoothly 
interpolate in position between the positions of 
the end-members (Zn doped AgTe) verifying the 
homogeneity of the prepared solid solution 
powder samples. The prepared material has 
orthorhombic structure having lattice constants 
as according to JCPDS file No, 8.90A°, 20.07A° 
and 4.62A° this value is well matched with the 
results of 8.15 A°, 20.96 A° and 4.67 A°. The 
crystal size was measured as 52 nm [8]. 

 

 
 

Fig. 1. XRD analysis of Zn doped AgTe nanoparticles 
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Fig. 2. FTIR analysis of Zn doped AgTe nanoparticles 
 
According to Zn produces the effect it serves as 
the production layer for high reactive AgTe 
materials. It improves the optical performance 
and bioactivity. A similar result was reported in 
Zn interstial atoms of NPs [10]. 
 
Fig. 2 shows FTIR spectrum of Zn doped AgTe 
NPs, prepared for the sharp and intense peak at 
848 cm-1 is attributed OH anti symmetric 
stretching vibrations in the crystal structure of Zn 
doped AgTe NPs. The peak at around 1406 cm

-1
 

is assigned to the Zn-Ag stretching vibration in 
Ag-Te [11]. The 1406 cm

-1
, 1594 corresponds to 

the bending vibration of OH-C-O, stretching 
vibrations respectively. The other peaks at 2880 
cm

-1
and 1924 cm

-1
are due to the stretching and 

the bending vibration of water respectively. The 
broad peaks of Zn doped AgTe NPs 3409 cm

-1 

and 2880 cm-1is due to the stretching and 
bending vibration of water respectively.  1924 
cm-1 is the bending vibration of OH bond. 
Absence of 3409 ccm

-1 
sharp peak due to anti 

symmetric stretching vibration in the Zn doped 
AgTe biosynthesized NPs. The overall 
observation from the recorded spectra shows 
well defined and intense absorption from the 

recorded spectra shows well defined and intense 
absorption over the wavelength under study. 
Generally this indicates that the vibrations of the 
functional groups corresponding to the 
wavelength of absorptions are well defined within 
the chemical environment [12]. 
 
The TEM image of the synthesized sample is 
shown in Fig. 3a, from the Fig. 3b it is seen 
SAED pattern, that spherical shaped Zn doped 
AgTe NPs along with some needle shaped 
particles are produced.  Due to the collective 
coherent excitation of the pre electron in 
conduction band in a metal NPs, strong 
agglomeration of the particle produces scattering 
of light by the particles takes place. It exhibited 
flakes like structure formed due the aggregation 
of NPs. It can be seen that the concentration of 
Zn significantly affects the shape of Zn doped 
AgTe NPs. With increasing the agglomeration 
the sizes of the NPs increases, thereby 
increasing the density of NPs. In addition                   
the structures are interconnected with the 
adjacent bonds of Zn with AgTe NPs, such that 
no clear boundary exists between one another 
[13]. 

 

Table 1. Antibacterial activity of Zn doped AgTe Nanomaterials 
 

S. No Bacteria Zone of inhibition (mm) 
5 mg 10 mg 25 mg 

1.  Escherichia coli 5 10 11 
2.  Pseudomonas aeruginosa 13 17 18 
3.  Proteus mirabilis 12 15 17 
4.  Streptococcus mutans 12 13 18 
5.  Bacillussubtilis 9 10 14 
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Fig. 3(a-b). TEM with SAED pattern analysis of Zn doped AgTe materials 
 

 
 

Fig. 4. Anti bacterial studies of Zn doped AgTe NPs 

 
3.1 Antibacterial Activity of Zn doped 

AgTe Nanomaterials 
 
In this particular case, antibacterial capability of a 
Zn doped AgTe synthesized material depends on 

the following factors (i) population of reactive 
oxygen species (ROS), (ii) Number of Ag2+  Zn2+ 
and Te

2+
ions released and(iii) Structure and its 

size of the particles. To counterparts in all these 
factors the surface active catatonics Ag2+, Zn2+ 
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and Te2+ NPs synthesized in the current 
research are investigated against the bacterial 
organisms such as Escherichia coli (Gram-
negative), Pseudomonas aeruginosa (Gram-
negative), Proteus mirabilis (Gram-negative), 
Streptococcus mutans (Gram-positive) and 
Bacillus subtilis ((Gram-positive) [14]. After                

the thorough and careful examination on the 
XRD, FTIR and TEM with EDAX analysis it is 
found to exhibition more number of                      
double cationic series so called Reactive  
Oxygen Species (ROS) are inhibited the 
bacterium in an extraordinary manner nearly 
within 5 hours. 

 

 
 

Fig. 5. Described mechanism for the enhanced antibacterial activity of double cationic Ag2+, 
Zn

2+
 and Te

2+ 

 

 
 

Fig. 6. Zone of inhibition produced by Zn doped AgTe NPs against (a) Escherichia coli (b) 
Pseudomonas aeruginosa, (c) Proteus mirabilis, (d) Streptococcus mutans,  

(e) Bacillus subtilis 
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Due to the electromagnetic interaction between 
the bacterial cell and these cations, the 
nanoparticles enter through the cell walls and 
penetrating and damaging the cell system of 
bacterium. The generation of ROS further makes 
the damage and cell became deformed. 
Moreover Zinc inertials (Zn), Telluride interstitials 
(Te) and silver interstitials (Ag) in this system are 
also contributed to damage all the bacterial cell 
systems [15]. 
 
In clinical research and applications, vitro 
nanotoxicity evaluations and toxicity based on 
the effect of nanoparticles on cultured microbials 
ideas are important. Accordingly, it is 
theoretically explained that the (i) potential 
toxicity and underlying mechanism before 
administer-ing QDs to any animal subjects (ii) 
totoxicity refers to toxicity at the cellular level due 
to the interaction of QDs with the cell membrane, 
intracellular constituents, or organelles. Thereby 
intracellular uptake of QDs could disrupt the 
oxidative balance in cells and cause oxidative 
stress, where the reactive oxygen species (ROS, 
such as superoxide, hydroxyl radicals, peroxide 
radicals, hydrogen peroxide, and singlet oxygen) 
produced can have adverse effects on cellular 
functions [16]. Hence the above statement full 
fills the idea of generation of ROS in what kind 
manner for the antibacterial activity in the present 
work. 
 
The possible mechanism for the enhanced 
antibacterial efficiency of the double cationic 
doped system is clearly epitomized in Fig. 5. This 
mechanism is strongly supported by the series of 
double cationic nanoparticles formed in the case 
of doping. Thereby antimicrobial ions are 
liberated and give the ZOI due to the inertial and 
number of ROS formation effectively [17]. 
 
4. CONCLUSION 
 
Irrespective of whether bacterial transformation 
of tellurite is a detoxification strategy or an 
‘unintended’ by-product of cellular reducing 
agents, to understand the complex interactions, 
including the enzymatic reactions, between 
bacteria and tellurium of Zn doped AgTe 
materials. The structural studies infer the crystal 
size of 52 nm. Results revealed potential activity 
against, Gram positive, Gram negative and 
multidrug resistant strains and it was selected 
and identified based on their biochemical, 
morphological characteristics. Present study 
indicated that more than 50% of the               
bacterial strains revealed promising antibacterial 

activity against the tested Gram positive and 
negative bacteria. 
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