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ABSTRACT

In this work silver vanadate (AgVO3) nano-rods were successfully synthesized using chemical precipitation route and doped in hypo (Sn
99%- Bi 1% ) and hyper (Sn 3%- Bi 97% ) -eutectic tin-bismuth (Sn-Bi) alloy. Nanostructured metal alloy was synthesized using powder
compact metallurgy technique as a new low cost and time-consuming route. Effects of the AgVOs; nano-rods content on the band
structure of (Sn-Bi) alloy has been investigated through electronic transition studied via ATR ultraviolet/visible spectrophotometric and
Hall Effect measurements. Antimicrobial studies for pathogenic Gram negative as well as Gram positive bacteria were also investigated
and correlated to the analyzed electronic and optical properties. The work a debate avenue for probability controllingthe microbial

growth and to correlate electronic properties of (Sn-Bi) alloy along with their antimicrobial properties.
Keywords: Silver vanadate; Sn-Bi Alloy; Powder metallurgy ; Hall Effect; Antibacterial.

1. INTRODUCTION

During last decade a revolution of material science employ
new material in the form of composite, blend, alloy an
nanomaterials with superior properties for specific uses in
different fields [1, 2,3].

In the field of medicine [4], metal alloy world
witnessing a great progression of novel multidisciplinary
technologies[5], especially in the memory shape, biosensing
[6] and many other biological applications [7, 8]. Alloys
containing nanomaterials represent a class of nanostructured
alloys that play an important role in such field [9]. These
alloys acquire antibacterial properties that may serve in
manufacturing antibacterial surfaces in hospitals and other
work places exposed to antibacterial contamination.

Bacteria response to nanoparticles (NPs) directly
depends on the structure of the bacterial cell wall. The
Bacteria categorized based on its structure and function to
Gram positive (+) and Gram negative (-). The wall of Gram
positive has a thick layer of peptidoglycan attached to
teichoic acids that found only in Gram (+) [10] while the
wall of the Gram negative has a thin layer of peptidoglycan.
The outer membrane provides hydrophobic resistance and
comprised of lipopolysaccrides that responsible for the
negative charge of the cell membrane [11].

Harkes et al [12] postulated the differential resistance
of the enteric Gram-negative bacilli due to ionic repulsion
forces resulting from identical charges on the surface of the
emulsion particles and bacteria.  Silver vanadate
nanoparticles (Ag.V4O1) were tested for gas sensing
performance applications and results showed relatively high

2. MATERIALS AND METHODS

Tin powder supplied by WINLAB UK fine chemicals,
Bismuth powder 100 mesh supplied by Aldrich Chemical
Company, ammonium vanadate (NH,VO3) and (AgNO3) supplied

sensitivity towards amines which are the main component of
the cell wall [13]. Ana Beatriz Vilela Teixeira et al doped
Endodontic Sealers with Nanoparticles of Silver Vanadate to
acquire it antibacterial Effect and other Physicochemical
Properties[14]. Not only the cell is the factor determine
bacteria susceptibility to NPs, but also bacteria response
differ from NPS to another, the growth rate, and the biofilm
formation. It is hopeful that antibacterial properties may be
attributed to the movement of holes and charges [15]. In
this study (Sn-Bi), alloy act as a host for (AgVO3) nanorods,
for study nanorods effect on electronic properties of (Sn-Bi).
Antibacterial properties [16,17] of metals may be attributed
due to the reaction of holes and electrons with (OH™, O,) in
water from radicals that in her turn may be lethal to bacteria
or interact directly with the charges on the cell membrane,
Since a metal sample with a nearly filled band is equivalent
to a conductor in which the current is carried by positive
holes, it is common that only one type of carrier is present, it
is easy to find n direct from Hall coefficient. Its trail in the
medical field to make composite metallic alloys reinforced
with nano-particles and check its viability to use as an
antimicrobial biomaterial.

In view of these criteria, the present study aims to
introduce a targeted correlation between electronic structure of
the studied alloy samples containing different mass fractions of
nanoparticulate lamellar partner synthesized using cold pressing
route by means of Hall measurements and the action towards
pathogenic bacterial grams based on their cell wall structure.

by Sigma Aldrich Co. Samples of nominal composition xAgVO3-
(100-x)[SNnyes-Bi(i00-yy%] as y=(99, 3), x=(0,1,3,5,7) see Table 1
prepared from sample nomination and composition.

Page | 4340


https://orcid.org/0000-0002-6067-1020
https://orcid.org/0000-0001-8953-0056
https://orcid.org/0000-0002-9839-4495
https://doi.org/10.33263/BRIAC95.340344

Antimicrobial effect, electronic and structural correlation of nano-filled Tin Bismuth metal alloys for biomedical applications

Chemical precipitation route was employed for the NPs
preparation. An equal amount of (0.005M) aqueous solution of
both ammonium vanadate (NH,VOs) and silver nitrate (AgNO3)
were added to each other and vigorously stirred at fixed pH (~ 4.6)
until a yellow colored precipitate appeared. Final product washed
several times before drying and final examination with
transmission electron microscopy (TEM) and X-ray diffraction.

Table 1. sample nomination and composition.
Hyper Hypo
XAgVO;-(100-x) xAgVO;-(100-x)

[SNggos-Biios] [SNa0s-Bigros]

sn  Bi AgVO; Sn  Bi  AgVO;
So | 99 1 000 | S10 ]300 9700 0.00
S1| 9857 043 100 |S11 | 257 9643  1.00
S2 (9871 029 300 |S12|171 9529  3.00
S3 | 9885 015 500 |S13|085 9415 500
S4 9899 001 7.00 | S14]099 9201  7.00

Pre-calculated mass fractions of supposed nanostructured metal
alloy in the powdered form were mixed thoroughly for about 10
min in an agate mortar to ensure sample homogeneity before cold
powder compaction. Equal amounts of all compositions were

3. RESULTS

3.1. Characterization of synthesized silver vanadate nanorods
Figure 1 the obtained X-ray diffraction pattern of synthesized
silver vanadate nanorods. The obtained pattern shows sharp
characteristic intense peaks previously identified ((JCPDS 19-
1151), (JCPDS 29-1154)) for o and P phases of crystalline silver
vanadate. It was clear that a-phase represent a minor phase
marked with * while major phase f marked with x. TEM image
clarifies formation of nanorods (15-20 nm) diameter with a few
micrometers length [19].
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Figure 1. X-ray diffraction pattern and their TEM image.

3.2. Optical properties of the prepared nanostructured alloy.
The UV-visible reflectance spectra of the as-prepared
samples are illustrated in Figure 2 a, b. The spectra of all the
samples show good optical quality in the visible range due to the
complete reflectance in the 500-800 nm range. Diffuse reflectance
spectral studies in the UV-Vis-NIR region carried out to estimate
the optical band gap of the composite metal alloy. The energy
band gap of these materials estimated using the Kubelka-Munk

remission function [20],

1-R)?

k= (50

according to Kubelka Munk K is reflectance transformed, R is
reflectance (%), hv is the photon energy.

subjected to a high constant load of about (10 ton/cm?) in an
evocable die of diameter 1 cm. The samples were then expelled
from the die and stored in a vacuum desiccator until use. Three
samples of the same composition were used and averaged for each
measurement.

Hall coefficient, mobility, conductivity end e/m ratio was

recorded and calculated using Ecopia HMS - 5000 Hall Effect
measurement system. Prepared metal alloy samples containing a
different concentration of synthesized nanomaterial were
measured in the form of compact discs of diameter 1 cm at
ambient room temperature in an ordinary air atmosphere.
X-ray diffraction (XRD) data collected using PAN analytical
X Pert PRO occupied CuK,, radiation within the Bragg’s angle
(20) 4 to 80°. UV-Vis. optical recorded in the spectral range 190—
2000 nm via JASCO-570 spectrometer IN ATR mode.

Minimum inhibition zone (MIZ) regime was engaged to
examine the proposed antimicrobial activity of prepared
nanostructured metal alloys. All samples were examined against a
pathogenic gram bacteria (Enteroococcus, Escherichia coli,
Enterobacter and Klebsella). The details of the method were
previously published [18]. Data are estimated by SPSS 17.0 for
windows(SpSs In., Chicago,IL, USA). Variables are expressed as
mean Sd. The correlation of non-parametric parameters is
obtained by spearmans correlation test. P values less than 0.05are
considered to be
significant.

Optical energy gap can be calculated from extrapolated lines of
the fundamental absorption edge shown in Figure 2. a, b and
tabulated in Table 2.
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Figure 2. UV reflectance data of prepared samples.
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Table 2. Calculated optical energy gap

Sample Eg4(eV) Sample  Eg4(eV)
SO 1.22 S10 0.77
S1 1.03 S11 0.73
S2 0.50 S12 0.64
S3 0.49 S13 0.63
S4 0.48 S14 0.62

It was clear that the value of the optical energy gap is strongly
dependent on the content of silver vanadate added even in a minor
concentration. The optical energy gap was found to be inversely
proportional to the content of silver vanadate within the
nanostructured alloy. This may be attributed to the size nature of
add silver vanadate which increases the mobility of charge carriers
and hence conduction or due to the tubular and lamellar shape of
nanorods in both hyper and hypo-eutectic alloys.

3.3. Hall-effect measurements.

Hall Effect in metals and semiconductors considered puzzling,
interesting and simple in principle because it exhibits a variety of
different behaviors depending on whether the material was two,
quasi-two or three dimensions, weak or strong scattering,
magnetic or non-magnetic materials [21, 22]. Conductivity and
Hall coefficients were measured in the intrinsic range of (Sn-Bi)
alloy doped with (AgVOs) nanorods. Observation of the Hall
Effect permits experimental determination of the mean free path,
mobility, electron concentration and decide the type of charge
carrier (electrons or holes) responsible for conduction. In this
experiment prepared sample in the solid state subjected to the
electric and magnetic field perpendicular to each other to each
other and to the face of the block.

Table 3 Hypereutectic alloy [Sngge,-Bio].

Resistivity | conductivity mgb\')lty
(Q.m) (1/(Q.m) 1 S—i)
control 1. 6.85E+06 2.77E-03 - 1.54487E+18
4.00E+00
E-07
1%AgVO 1.30E-07 7.70E+06 1.20E-01 | 1.50E-06 | 4.00011E+16
3%AgVO 1.05E-07 9.49E+06 4,55E-02 -4.70E- 1.30416E+17
07
5%AgVO 6.75E-08 1.48E 3.81E-01 | 2.50E-06 | 2.43333E+16
07
7%AgVO 6.05E-08 1.65E+07 4.37E-01 | 2.60E-06 | 2.36614E+16

Table 4 Hypoeutictic alloys [Snsy-Bigze]
Mobility

conductivity
(1/(©2.m)

AgVO3
Content

Resistivity

1o
(Q.m) (m2.V"=.S

)

control 7.55E-07 1.32E+06 1.29E-01 - 6.44E+15
9.71E+02

1%AgVO 1.05E-06 9.56E+05 1.14E-01 - 5.26E+15
1.19E+02

3%AgVO 1.16E-06 8.61E+05 6.67E-01 - 8.06E+14
7.75E+02

5%AgVO 1.88E-06 5.31E+05 1.59E-02 - 2.09E+16
3.01E+02

T%AgVO 3.00E-06 3.34E+05 1.65E-03 - 1.26E+17
4.94E+01

Tables 3, 4 list the values of conductivity, Hall constant,
Hall mobility, and electron concentration. It observed that some
samples have a positive Hall coefficient; this can be explained
based on the band theory of metals. It found that in this case, a
traveling electron wave in the crystal will subject to a periodic
variation in its potential energy, in the form of this variation will
differ according to its direction in the crystal, therefore, the type of

the atom and the symmetry of the crystal control the form and the
periodicity of lattice potential.

The behavior of charge carrier in these samples studied

under the combined influence of electric and magnetic fields as in
Hall effect measurements Hall constant (Ry) its sign determine the
sign of the charge of the current carrier either electrons or holes
3.4. Antibacterial result.
Agar plate method has been done to detect the antimicrobial
activities of all studied samples. Four different test microbes
represent gram negative and positive pathogenic bacteria;
Enteroococcus, Escherichia coli, Enterobacter and Klebsella were
selected to assess the antimicrobial activities. Performed tests
grown on a nutrient agar medium (DSMZ1) diluted by sterilized
double distilled water placed in sterilized Petri dishes containing
an equal amount of solidified media. Studied samples placed on
agar surface seeded with test microbes and incubated for 24 hrs
adjusted at human body temperature (37 + 2 °C). The diameter of
the inhibition zone was recorded separately for each sample.
Figure 3. a, b reveal the relationship between the concentration of
added silver vanadate nanorods in hyper and hypo-eutectic alloys
and measured diameter of inhibition zone for each pathogenic
bacteria.
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Figure 3 MIZ versus silver vanadate content for different pathogenic
bacteria in hyper and hypo-eutectic Tin-Bismuth alloys.

In  hypereutectic samples [Shgges-Biios], holes are
responsible for charge transfer expect control and 3%AgVO;
samples that have negative charges. E.coli, klepsella pnemnia,
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Enterobacter have a significant positive correlation between
diameter zone and hall effect with variation of P and r due to
presence of biofilm or alteration the composition of the cell wall
instead of, Staphylococcus (Gram+) has a negative correlation
expect for S, as electrons are charge carrier in this sample
represented in Fig 3.In hypoeutectic samples [Snzy-Bigze], Ry Of

4, CONCLUSIONS
Electrostatic force between bacteria and NPs must take in

consideration as samples with negative hall coefficient have a
bactericidal effect on Gram (+) bacteria, in contrast to samples
with positive hall coefficient. In consequence, it is possible to
expect the antimicrobial properties from the gradient in electron
energy or a gradient in electrical potential where this mechanism
involves a basic excitation process as an interaction between
electrons and the lattice vibrations of the crystal. The band theory
must take in consideration as it may give a qualitative result in the
analysis the antimicrobial properties. Initial bacteria adhesion is
recognized to be the essential step for biofilm formation. As the
material is negatively charged, this may reduce bacteria
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