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ABSTRACT

Uniform silver nanoparticles have been prepared through the chemical reduction of silver ions by ethanol in presence of
sodium linoleate. TEM micrograph shows a uniform distribution of the particles with an average size of 12 nm. Further, the
antimicrobial activity of silver nanoparticles shows that these nanoparticles can be used as effective growth inhibitors

against Staphylococcus Basillus, Staphylloccoccus Aureus, and Pseudimonas Aureginosa.
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1. Introduction

Noble metal nanoparticles show unique electronic, opti-
cal, magnetic and chemical properties, which differ con-
siderably from those of the corresponding bulk materials
[1-3] and hence preparations of noble metal nanoparti-
cles are of technological importance. Recently inorganic
nanoparticles protected by organic ligands have attracted
much interest due to their diverse technological applica-
tions [4-6]. In the present investigation, silver nanoparti-
cles have been synthesized through the chemical reduc-
tion of silver ions by ethanol using linoleic acid as a cap-
ping agent, which is then dispersed in chloroform to
form homogeneous colloidal solution [7] to study the
antimicrobial activity of fatty acid (linoleic acid) capped
silver nanoparticles. The important advantage is that the
silver nanoparticles prepared by this simple reduction
process remain stable for one month without any ag-
glomeration. The prepared silver nanoparticles have been
examined using Transmission Electron Microscope
(TEM) and Fourier Transform Infrared Spectroscopy
(FTIR). These studies reveal that average size of freshly
prepared silver nanoparticles is 12 nm with a narrow size
distribution.

2. Materials and Methods

Uniform silver nanoparticles can be obtained through the
reduction of silver ions by ethanol at a temperature of
90°C under atmospheric conditions in presence of li-
noleic acid and sodium linoleate [7]. In this reduction
method, 20 ml of aqueous solution containing silver ni-
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trate (0.6 g of AgNOs), 2 g sodium linoleate (C15 H3,0ONa),
12 ml ethanol (C;HsOH) and 2.5 ml linoleic acid (Cyg
Hs, O,) are added in a capped tube under continuous agi-
tation. The system is kept at the temperatures 90°C for 2
hours. In the aqueous solution of silver nitrate, sodium
linoleate and the mixture of linoleic acid and ethanol are
added in order. Ethanol in the solution phases reduced
silver ions into silver nanoparticles. The linoleic acid
caps the silver nanoparticles along with the reduction
process thereby stabilizes the nanoparticles. In this sim-
ple reduction process, the role of linoleic acid is to pro-
tect the silver nanoparticles from aggolomeration, by
making a layer over them with its alkyl chains on the
outside giving a hydrophilic surroundings to the nanopar-
ticles and hence the produced nanoparticles gain hydro-
phobic surfaces [7]. In this way, capping these particle
linoleic acid stabilise them for one month. The product,
collected at the bottom of vessel after cooling to room
temperature, is dispersed in chloroform to form a homo-
genous colloidal solution of silver nanoparticles, which
is reddish brown in colour as shown in Figure 1(a) with
the structure of linoleic acid as shown in Figure 1(b).

3. Results
3.1. TEM Image Analysis

Size and shape of the silver nanoparticles have been ob-
tained from TEM micrograph, which was performed on a
JEM 1000C X Il model instrument. TEM micrograph of
the prepared colloidal solution of silver nanoparticles is
shown in the Figure 2(a), which indicates that the size
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Figure 1. (a) Silver nanoparticles dispersed in chloroform
showing reddish brown colour; (b) chemical structure of
linoleic acid.
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Figure 2. (a) TEM image of silver nanoparticles; (b) parti-
cle size distribution.
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distribution of silver nanoparticles is narrow as shown in
Figure 2 (b), having an average diameter (size) of 12 nm
with the size range 7 - 15 nm. This TEM image suggests
that no clustering of nanoparticles takes place as they are
well separated from each other.

3.2. FTIR Spectroscopy Analysis

Capping of linoleic acid on silver nanoparticle has been
examined by FTIR spectroscopy. The FT-IR absorption
spectra of the samples are shown in Figure 3 with reso-
lution of 4 cm™*, which was performed in Spectrum BX
series. The peak at 3441 cm™* of the FTIR spectra con-
tains OH stretching modes [8]. The peak around 3018
cm * is due to C=C stretching mode. The lack of broad
peak due to OH stretching of the free ligand in the range
3000 cm ™ to 3100 cm ™ is due to the chemisorptions of
linoleic acid on the silver nanoparticles, which is an in-
dicator for the conformational ordering of the metal-
linked alkyl chains of linoleic acid.

3.3. Antimicrobial Activity of Silver
Nanoparticles

The antimicrobial effects of silver salts have been no-
ticed since ancient times [9]. But with the advent of na-
notechnology, the use of silver in nanoparticle form has
opened new treatment avenues. Here antimicrobial activ-
ity of this linoleic acid capped silver nanoparticles have
been investigated against Staphylococcus Basillus,
Staphylloccoccus Aureus, and Pseudimonas Aureginosa
by the Kirby-Bauer diffusion method [10,11]. The bacte-
rial suspension was applied uniformly on the surface of a
Muller Hinton agar (MHA) plate at a concentration of
10° to 10° CFU/mL before placing antibiotic impreg-
nated disks (Kanamycin and Arithromycin) and silver
nanoparticles laden disk (5 mm diameter). For antibacte-
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Figure 3. FT-IR spectra of linoleic acid protected silver
nanoparticles dispersed in chloroform.
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rial study silver nanoparticles laden disk have been pre-
pared by keeping 10 disks in 5 ml colloidal solution of
silver nanoparticles for two days. These disks absorb the
silver nanoparticles and become dry and hence there is
no presence of chloroform. So there is no impact of sol-
vent to the bacteria. The plates with the discs were incu-
bated at 35°C for 24 h, after which the average diameter
of the inhibition zone surrounding the disk was measured
with a ruler. Figure 4 shows plates to which Staphylo-
coccus Basillus and Staphylloccoccus Aureus bacterial
suspension were applied with nanoparticles laden disk
and antibiotic impregnated disks. The diameter of inhibi-
tion zones around the disk containing silver nanoparticles
in S. Basillus, S. Aureus, and Pseudimonas Aureginosa
bacterial suspension are 9 mm, 11 mm, 10 mm respec-
tively. This test shows that silver nanoparticles are nearly
70%, 85% and 60% effective compare to Kanamycin and
Arithromycin respectively. It is observed that the pres-
ence of silver nanoparticles inhibited bacterial growth by
more than 97%.

The mechanism of the bactericidal effect of silver na-
noparticles is not very well-known. It is believed that
cellular proteins become inactive after treatment with
silver nanoparticles [12]. It is also believed that silver
nanoparticles after penetration into the bacteria have in-
activated their enzymes, generating hydrogen peroxide
and caused bacterial cell death [11]. Heavy metals are
toxic and react with proteins, therefore they bind protein
molecules; as a result cellular metabolism is inhibited
causing death of microorganism [12]. It is known that
silver sources such as silver nitrate and silver sulfadiaz-
ine release Ag” only [12] but high activity of silver
nanoparticles is attributed to the release of Ag° and Ag*
clusters when they dissolve [12]. Our experimental result
shows that linoleic acid capped silver nanoparticles can
be used as effective growth inhibitors in various micro-

Figure 4. Shows silver nanoparticles laden disk (a) and an-
tibiotic impregnated disk (b, c) placed on the surface of the
Staphylococcus Basillus(1) and Staphylloccoccus Aureus(2)
bacterial suspension on Muller Hinton agar (MHA) plate
after incubation at 35°C for 24 h.
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organisms, making them applicable to diverse medical
medicines and antimicrobial control systems.

4. Discussion

Uniform linoleic acid capped silver nanoparticles have
been prepared through the reduction of silver ions by
ethanol. TEM micrograph reveals that the prepared nano-
particles are spherical in shape with average size of 12
nm having nearly uniform distribution and FTIR spectra
confirms the capping of linoleic acid on nanoparticles
surfaces. These linoleic acid capped silver nanoparticles
are tested for its antimicrobial activity and the result
shows that silver nanoparticles can be used as effective
growth inhibitors in various microorganisms thereby
applicable to diverse medical devices.
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