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Abstract:

Au, Ag mono and Bimetallic Au:Ag colloidal nanoparticles were synthesized in two
steps using pulsed laser ablation in liquid technique (pure Au, Ag metal plates of immersed in
deionized water). The pulse laser (Q-switched, Nd: YAG)1064 nm with energy 700 mJ,
frequency 5 Hz and 200 laser pulses at room temperature have been used. Absorbance (SPR
band), size, surface morphology and structure of the synthesized Nps have been studied and
investigated by UV-Vis spectrophotometer, transmission electron microscopy, and X-ray
diffraction. The absorbance spectrum of Au, Ag and Au:Ag nanoparticles shows sharp and
single peaks around 513 nm, 398 nm and 523 nm respectively. This gives indicate that the
production of pure and spherical Au and Ag NPs with average size in the range 16 - 100 nm.
The particles size measurements were confirmed by TEM. The Au:Ag nanoalloy appears to
be nearly spherical with an average size ranging from 29 to 72 nm and the SPR band at (450
nm ). The XRD result showed very low crystallinity structure. The antibacterial activity of
Au, Ag and bimetallic Au:Ag NPs were evaluated for NPs obtained by PLAL using applied
pulses (100,150,200) in DI water, on the Gram-positive isolate (Staphylococcus aureus) and
Gram-negative isolate (Escherichia coli). The results and images of inhibition zones diameter
showed that the NPs have synergistic effects on the studied bacteria up to 15 mm and 4 mm at

the highest and lowest values and it increase with the increase of laser pulses number.

http://dx.doi.org/10.31257/2018/JKP/100102

Keywords: Au, Ag mono and Bimetallic nanoparticles; pulsed laser ablation in liquid,;
SPR band; antibacterial Activity.
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1. Introduction and magnetic properties of Noble metal

Nanoparticles are of large scientific nanoparticles, Ag and Au nanoparticles

advantage as they are effectively a bridge
between bulk materials and atomic or
molecular structures. Bulk materials must
have constant physical properties (size
independent) whereas, at the nanoscale,
the  physical  properties of the
nanomaterials are size dependence such as
guantum size effect and quantum
confinement in semiconductor
nanoparticles and surface Plasmon
resonance in some metal nanoparticles [1].

According to the novel physical, chemical

have been a source of great applications
[2, 3], such as catalytic [4], biomedical
applications [5], surface-enhanced Raman
scattering (SERS) [6], drug delivery [7],
antibacterial [8], biosensing [9]. Gold and
silver nanoparticles are chemically stable
and typically exhibit surface enhanced
Raman scattering SERS in the visible
wavelength range, where they may cause a
tremendous increase in various optical
cross-sections. In parallel with the NPs of

pure metals, bimetallic NPs particularly
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have attracted large interest, as a way for
developing new materials [10]. The
specific properties of bimetallic NPs are
improved and enhanced because of the
synergistic effects of the two distinct
metals [10, 11]. The
frequencies strongly depend on particle

resonance

shape and size as well as on the optical
properties of the material within the near-
field of the particle [12]. They were very
likable for biophysical, biochemical, and
biotechnological applications due to their
special physical properties, mostly due to
their sharp plasmon absorption peak at the
visible  region.  Another  important
advantage is that Ag and Au nanoparticles
prepared by Pulsed Laser Ablation in
Liquid process were stable for a period of
months. Additionally, gold and silver
nanoparticles are chemically stable and
typically exhibit surface enhanced Raman
scattering SERS in the visible wavelength
range, where they may cause a great
increase in various optical cross-sections.
The resonance frequencies strongly
depend on the particle shape and size as
well as on the optical properties of the
material within the near-field of the
particle [12]. One of the most important
methods of manufacturing nanoparticles is
the pulsed laser ablation method in liquid
(PLAL). If is currently explored as a
prospective top-down (dispersion method)
strategy of  metals  nanoparticles

preparation. PLAL include focused laser
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pulsed irradiation of a bulk metal target in
a liquid. Due to the absence of chemical
precursors, and it is environmentally
friendly, and has an easy experimental set-
up [13]. The antibacterial activity of the
nanoparticles can be attributed to their
total surface area, as a larger surface to
volume ratio of nanoparticles provides
more efficient means for enhanced

antibacterial activity [14, 15].

This work aimed at the synthesis of Au,
Ag and Au: Ag bimetallic NPs using PLA
technique in DI water. Then, the
synthesized NPs were characterized by
using different  techniques. The
antibacterial activities prepared NPs were
used to study against human pathogenic
bacterias of Staphylococcus aureus and
Escherichia coli as references for Gram-
negative and Gram-positive bacteria,

respectively.
2. Experimental

The Au and Ag nanoparticles were
produced by the pulsed laser ablation. The
focused energy was 700 mJ /pulse and
1064 nm wavelength of Nd: YAG laser
and the number of applied pulses 200
pulses, pieces of pure (99.9 %) gold and
silver plates were placed on the bottom of
Pyrex vessel containing 2ml of ultra-pure
deionized water and the distance between
the target and laser source is 5 cm. The
bimetallic alloy (Au:Ag) was produced in

two steps, 1. the piece of high purity Gold
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plates were placed on the bottom of Pyrex

vessel containing 2ml of ultrapure
deionized water and the distance between
the target and laser source is 5 c¢cm to
prepared Au colloidal Nps. 2. Then the
pure silver piece was placed in the gold
colloidal Nps previously formed and
applied the variables mentioned above to
Au:Ag

optical

synthesis bimetallic ~ Nps.

Characteristics and structural

properties of metallic and bimetallic

NPs recorded using UV-Vis
spectrophotometer Mega 2100 and XRD-

6000 SHIMADZU x-ray diffractometer.

were

The nanoparticles prepared samples were
identified by the transmission electron
microscope TEM type CM10 pw 6020,
Philips-Germany. The TEM carbon grids
were loaded into the sample. The images
were obtained at an accelerating voltage of
60 kV, with maximum magnification of
64000x-180000x.

Both of Staphylococcus aureus and

Escherichia coli clinical isolates were
used as bacterial model for evaluating the
antibacterial activity of Au, Ag and
bimetallic Au:Ag nanoparticles. Antibiotic
susceptibility was carried out for all

isolated bacteria.

1. The tips of 4-5 isolated colonies of the
bacteria were used to test tube containing
5 ml of sterile normal saline in a cell
turbidity  of

density equivalent to

3. Result and Discussion:

11
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McFarland tube No. (0.5) which
approximately equal to bacterial cells

density of 1.5x10%cells/ml.

2. A sterile cotton swab was dipped into
the standardized bacterial suspension. The
excess fluid was removed by rotating the
swab firmly against the inside of the tube
above fluid level. The swab was then
streaked onto the dried surface of a
Muller-Hinton plate in 2 different planes
to obtain an even distribution of the

inoculums.

3. The plate lids were replaced and the
inoculated plates were allowed to remain
on a flat and level surface undisturbed for
3-5 min to allow for the absorption of

excess moisture.

4. With the sterile forceps, the selected
discs were placed on the inoculated plate
and pressed gently into the agar. Within
15 min the
incubated at 37 °C for 18 -24 hr in an

inverted position.

inoculated plates were

5. After incubation, the diameters of the
complete inhibition zone were noted and
measured using reflected light and a ruler.
The end point, measured to the nearest
millimeter, was taken as the area showing

no visible growth.

6. The results were interpreted, the critical
diameters and to the leaflet of antibiotics

manufactures.

3.1 Absorbance (SPR band)
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The surface Plasmon resonance was
investigated by UV-Vis absorption spectra
for Au, Ag and Au:Ag bimetallic NPs

Absorbance (a.u)

Au Np's (513 nm)

490 690

Wavelength (nm)
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synthesis by PLAL, using Nd: YAG1064
nm with energy 700 mJ, frequency 5 Hz
and 200 laser pulses at room temperature.
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Figure 1: Optical Absorbance spectra (SPR band) of a. Au,b. Ag and c. Au:Ag NPs.

Gold (Au) metallic colloidal NPs
were synthesized by pulsed laser ablation
at room temperature. The absorption band
of Au NPs has been reported in the range
of 517- 575 nm [16, 17]. From Fig.(1a) it
is noted that the absorbance spectra and the
SPR band of Au Np's are shifted towards
the short wavelength (blue shifted), and the
absorbance (SPR band) for Au was in the
wavelength 513 nm. This means that the
size is very small in the range from 16 to
20 nm [17].

Silver (Ag) metallic colloidal NPs were
produced by the pulsed laser ablation at
room temperature. The absorption band
(SPR band) of Ag Nps has been reported in
the range 398 - 400 nm [6, 8]. From
Fig.(1b) the absorbance spectra of silver
NPs and the SPR band are shifted towards
small wavelength. It can be noticed that the
absorbance edge spectra for Ag is in 398
nm .This means that the size is small

Ranging from 25 to 100 nm [17]. Au and
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Ag NPs exhibit characteristic SPR peaks
at about (400 nm and 520 nm) [6, 16].

Bimetallic  (Au:Ag) colloidal  NPs
absorbance band (SPR band) reveals
double resonance peaks (398 and 523) nm
which indicating the presence of pure Ag
(398 nm peak) and (Au 523 nm peak)
structures as presented in the figure (1c).
The results matched well with the
composition alloy NPs [18]. All of these
results confirm the formation of mono

dispersed NPs in the current study.

The presence of the single surface Plasmon
peak implied that the formed nanoparticles
were nearly spherical. In the case of
ellipsoidal  particles, the absorption
spectrum would have two Plasmon peaks.
The height and the width of the SPR peaks

were found to be dependent upon the laser

min: 16 nm
max: 20 nm
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shots. The gold nanoparticles were faint
pink in color due to Plasmon absorption
.The losses in the ablation of Au compared
with Ag are attributed to the large

reflectivity from the metal surface [19].

3.2 TEM studies

Fig. (2a) Shows the TEM image of
Au nanoparticles synthesis by laser
ablation of gold plate immersed in 2 ml of
DI water, at laser shots of energy 700 mJ
and 200 pulses. The particle size of the
synthesized NPs was calculated to have the
average diameters between 16 and 20 nm.
However, the laser irradiation of the
nanoparticles can stimulate further changes
of their morphology or can change the rate
of their aggregation. The spherical shape of
the produced Au Np's is clearly seen in

TEM image presented.

min: 25 nm
max: 100 nm
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AuAgd min: 29 nm
max: 72 nm ‘-‘ .

Figure 2: TEM image of a. Au, b. Ag and c. Au:Ag NPs.

Fig. (2b) Shows TEM image of silver
nanoparticles produced by the laser
ablation of silver plate immersed in 2 ml of
DI water, at laser shots of 700 mJ and 200
pulses. The prepared nanoparticles size
was calculated to have the average
diameters between 25 and 100 nm. It can
be notice from the figure that the Ag NPs

has a spherical shape.

Fig. (2c) shows the TEM image of colloid
obtained after the laser irradiation. The
clusters appear to be nearly spherical with
size ranging from 29 to 72 nm for
bimetallic (Au:Ag) NPs. The result was
good agreement with those reported in
literature [20] indicating the producing of
bimetallic (Au-Ag) NPs core-shell Nano
alloys [21] instead of separate Ag and Au

nanoparticles.

3.3 XRD studies

The synthesized colloidal NPs were
deposited on glass substrate by drop
casting method. The structure property of
prepared NPs films was investigated by X-
ray diffraction. The XRD pattern of Au

NPs illustrated in Fig.(3) which indicate
that it has very low crystallinity and very
low intensity peaks of crystal planes (111)
and (200) referred to the face-centered
cubic structure as compared with (JCPDS)
data (card no0.02-1095). The very low
crystallinity of the deposited Au NPs film
can be attributed to the low concentration
from the number of laser pulses which lead
to low film thickness [22].

The same result have been absorbed for Ag
NPs film where the very low crystallinity
and very low peaks intensity along (111)
and (200) plans compared with the
(JCPDS) data (card no. 04-0783) as shown
in fig. (8). The very low crystallinity of the
deposited Ag NPs film can be attribute to
the low concentration from the number of
laser pulses which lead to low film

thickness.

The crystalline nature of bimetallic alloy
was investigated by XRD analysis. Similar
lattice constants of Au, Ag and the
complete miscibility of these metals make

their lattice planes so close and hard to

14
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distinguish. The XRD pattern of bimetallic
Nps illustrate in fig. (9) the patterns shows
very low crystallinity and low intensity
peaks along (111) |and (200) lattice planes

Adel H. Omran, Mahdi Husain, Mohammad Malik

referred to the face centered cubic (FCC)
structure compared with (JCPDS) cards
data no.02-1095 and 04-0783
corresponding to Au, Ag [23].

1 Au:Ag NPs
E}
3
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& Ag NPs
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2 0°

Figure 3: XRD pattern of Au, Ag and Au:Ag NPs.

3.4 Antibacterial activity

Antibacterial activities of Au, Ag and
bimetallic (Au:Ag) nanoparticles were
studied against Escherichia coli Gram-
negative bacteria and Stphylococcus
aureus Gram- positive bacteria . The
nanoparticles are synthesized using laser
energy of (700) mJ pulse, wavelength 1064
nm of Nd: YAG laser and the number of
applied pulses (100, 150 and 200) pulses
which they have relatively small sizes.
They applied is to be tested against
Staphylococcus aureus and Escherichia
coli isolates which were illustrated. The
results and images of the inhibition zones

showed that the nanoparticles have

synergistic effects on the studied Gram-
positive isolate (Staphylococcus aureus)
and on the Gram-negative isolate
(Escherichia coli) that have low specific
concentrations and relatively large sizes.
When the number of laser shots increases,
the concentration of the atoms ejected in
solution increases, whereas the ejection
rate decreases.  The inhibition zone
depends on several factors: increase in
time of exposure and increase in the
nanoparticles concentration in DI water.
These factors and the concentration of
bacteria and external conditions in the
laboratory directly affect the inhibition
zone. The Figures 10, 11 and 12 shows the

15
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antibacterial activity experiment results for
Escherichia coli and Stphylococcus aureus.
Table.1l illustrate the diameter zone of
inhibition for E.coli and staghe bacteria by
using different colloidal nanoparticles

From the table it can be seen that the
diameter zone of inhibition for E.coli and
staghe bacteria was increased by increasing
the number of laser pulses. The largest

Adel H. Omran, Mahdi Husain, Mohammad Malik

diameter of the inhibition zone was 1.5 cm
for Ag NPs synthesized at 200 pulses on
E.coli bacteria and 1.2 cm on staghe
bacteria. For bimetallic nanoparticles the
largest diameter of the inhibition zone was
0.9 cm for Au:Ag NPs synthesized at 200
pulses on E.coli bacteria and 0.7 cm for
Au:Ag NPs synthesized at 200 pulses on

staghe bacteria .

16



JOURNAL OF KUFA - PHYSICS, Vol.10, No.1 (2018) Adel H. Omran, Mahdi Husain, Mohammad Malik

Figure 4: Antibacterial Activity of a. Au, b. Ag and c. Au:Ag NPs on Escherichia coli
and Stphylococcus aureus with applied; 1. 100, 2. 150 and 3. 200 pulses.

Table 1: Diameter zone of inhibition for E.coli and Staghe bacteria by using different
colloidal nanoparticles.

E.coli

Staghe

Metals diameter zone of inhibition diameter zone of
Nanoparticles (cm) inhibition (cm)
100 150 200 100 150 200
Pulses Pulses Pulses Pulses Pulses Pulses
Au 0.9 1 1.1 04 0.7 1
Ag 0.8 1 15 0.6 1.1 1.2
Au:Ag 0.6 0.8 0.9 0.6 0.7 0.7

4. Conclusions

Pulse laser ablation method is a
simple and controllable process with a low
cost. The present work confirms the
success of the ablation in liquid method to
synthesized gold, silver, suspension, in
deionized water solution. Bifunctional
Au:Ag NPs

synthesized

have been successfully
in two steps.The optical
SPR  band,

particles size and structure properties of

absorbance morphology,

the synthesized NPs were investigated. The
results and images of inhibition zones
show that nanoparticles have synergistic
effect on the studied Gram-positive isolate
(Staphylococcus aureus) and on the Gram-
negative isolate (Escherichia coli) that
have low specific concentrations and
relatively large sizes. The largest diameter
of the inhibition zone was absorbed for the
NPs synthesized at highest number of laser

pulses (200 pulses).
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