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ABSTRACT

Silver nanoparticles were synthesized by
mixing two micro-emulsion systems — one
with precursor (AgNOs) and one with
reducing agent (NaBH4). Dioctyl sodium
sulfonsuccinate — AOT was used as
surfactant. We studied parameters as o —
molar ratio of water to surfactant,
hydrocarbon (oil) types. The molar ratio of
water to surfactant was changed from 2.5 to
5; 7.5 and 10. The used oil types were
cyclohexane, iso-octane, and dodecane.

XRD, UV-Vis and TEM images were used to
elucidate the structure and size of the
products. The results showed that,
synthesized silver nanoparticles sizes were
between 5 — 7 nm, with homogeneously
spherical shapes. The silver colloids were
used in antibacterial applications. The anti-
bacterial efficiency was very high, above
99% at ~ 4 ug/ml concentration of silver
nanopatrticles.
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INTRODUCTION

Silver  nanoparticles  have  extensive
applications in electronics [1, 2], optoelectronics
[3], catalytic chemistry [4], and especially
biomedicine [5, 6]. The excellent anti-bacterial
properties of silver nanoparticles can hardly be
found in any other materials. This makes silver
one of the most studied and researched materials.

There are many methods for synthesizing
silver nanoparticles such as chemical reduction
[7], photo reduction [8], laser ablation [9],
gamma radiation [10], etc. Most of these methods
are to produce the nanoparticles of a few ten
nanometers in diameter and with broad size
spectra.

Recently, micro-emulsion technique has been
more and more exploited to synthesize highly
mono-dispersed and small-sized nanoparticles in
the world. Still, to our knowledge, there is very

limited research in Vietnam about silver
nanoparticles  synthesis in  micro-emulsion
system.

In this technique, we can versatilely control
the size and shape of the nano-products but do
not need to put a large amount of stabilizer after
synthesis. Not only spherical nanoparticles but
also dendrite, nanowire, and hexagonal
nanostructures [11] can be synthesized.
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A micro-emulsion system for metal
nanoparticles synthesis consists of a continuous
oil phase, a homogeneously dispersed aqueous
phase which contains the reactants, and the
surfactant. The reactants in the water pool are
protected by the surfactants forming micells.

These micells may be considered as micro
reactors for nanoparticles synthesis. When two or
more micells come into contact with each other,
they transfer their contents and the reactions
happen.

po¢ by TSI e e
. .
o B, ®0e%ee® e Pee®
Oil phase actant  surfactant ‘/

Fig. 1. Two micells (a) exchange their contents (b) and the reactions happen forming nanoparticles (c)

In this work, we studied the effect of o
molar ratio of water to surfactant, the types of
continuous oil phase on the size of the
synthesized nanoparticles and on the stability of
the colloidal solutions.

MATERIALS AND METHODS
Materials

Double-distilled water, silver nitrate (99.8%,
Guangdong Guanghua Ltd — China) as the
precursor, dioctyl sodium sulfonsuccinate — AOT
(96%, Sigma Aldrich — USA) as the surfactant,
sodium borohydride (92%, Kanto Chemicals —
Japan) as the reducting agent, n-dodecane (95%,
Merck), isooctane, cyclohexane  (99.5%,
Guangdong Guanghua Ltd — China) as the
dispersing media. All chemicals were used as
received without further purification.

Experimental process

All the experiments were carried out at room
temperature. First we prepared the two 0.1M
solutions of silver nitrate and soldium
borohydride. The soldium borohydride solution
was prepared and used for only one experiment.
We let AOT dissolve in cyclohexane with the
assistance of weak magnetic agitation. The
concentration of AOT in the solution was 0.2M.
The AgNOs and NaBH4 solutions were then put
into AOT/cyclohexane to form two stable micro-
emulsions. After that, we let drop by drop of
AgNO; emulsion into NaBH4 emulsion. The final
solution was magnetically mixed for two hours.
The rotation speed of the magnetic bar was 500
rpm.
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Fig. 2. Experimental process for silver nanoparticle synthesis in colloidal solution

The reduction of silver ion was shown in the
equation;

AgNOs; + NaBHs —Ag+1/2H,+1/2B;Hs
+ NaNOs

To study the effect of @ — molar ratio of
water to surfactant, we changed the value of
from 2.5 to 5, 7.5 and 10 and used cyclohexane
as the continuous oil phase.

To study the effect of oil types, we fixed o =
5 and alternately used cyclohexane, isooctane
and dodecane as the continuous oil phase.

Characterization

The synthesized colloidal solutions and
nanoparticles were characterised by studying the
XRD Spectra (D8 Advance, Bruker -Germany),

UV-Vis Spectra (Halo RB-10, Dynamica), and
TEM Image (JEOL JEM 1400). To prepare for
XRD, we centrifuged the sample at 5000 rpm for
30 minutes. The pellet was obtained for XRD
analysis. The anti-bacterial efficiency of the
synthesized colloidal solutions was determined
by Colony Count Test Method. The bacteria used
in the test were E. coli ATCC 25922.

RESULTS AND DISCUSSION
Effect of ®

As we mixed the two micro-emulsion
systems, we observed that the solution color
changed with time, from light yellow to yellow
and then dark yellow, pale brown and dark
brown.
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Fig. 3. XRD pattern of the synthesized silver nanoparticles
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Fig. 4. UV-Vis absorption spectra of the synthesized colloids

The XRD pattern confirmed the existence of
silver nanoparticles in the solution. We saw three
significant peaks of silver corresponding to the
diffraction planes (111), (200) and (220).

With o= 2.5, the color change was slower
than with other w values (5, 7.5, 10). That means
the reactions happened slower and fewer

nanoparticles were formed with ®=2.5. An
explanation for this is that AOT protected micells
in the system by forming layers around micells.
The more AOT molecules added, the better the
micells were protected. This trend continued up
to o = 10.
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Fig. 4 shows the UV-Vis absorption spectra
of the colloidal solutions. With all the values of
w, there were absorption peaks between 412nm
and 430nm. The wavelength of the absorption
peak increased as  increased. For spherical
nanoparticles, the red shift in UV-Vis spectra
indicates that the sizes of the nanoparticles are
larger [12]. Once again, we see the role of AOT
molecules in protecting micells. With fewer AOT
molecules, the micells interacted and exchanged
their contents more easily. As a consequence, the
nanoparticles had more growth time and get
larger.

About the stability of the synthesized colloid,
we left them in a dark room and at room
temperature for several weeks and observed if
there was any significant precipitate formed at

Effect of the oil types
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the bottom of the bottle. Table 1 shows the
stability of the synthesized colloids.

Table 1. Stability of the colloids with different
values of molar ratio of water and surfactant

2.5 Several months
5 >1 months
7.5 >1 months
10 3 weeks

cyclohexane
Iso-octane
dodecane

700 800 900

Fig. 5. UV-Vis absorption spectra of the colloids synthesized with cyclohexane, isooctane and dodecane

Fig. 5 shows that we successfully
synthesized silver nanoparticles in all three
solutions. The absorption peaks were at 422 nm,
419 nm, 420 nm corresponding to the colloids
synthesized in  iso-octane,  cyclohexane,
dodecane. Although the peaks in spectra were

different among the three colloids, we could not
conclude about their correlations with the
nanoparticle sizes because the peak depended
also on the surrounding medium.

To determine the size of the synthesized
nanoparticles, we analysed the TEM images.
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Fig. 5. TEM images of silver colloids synthesis in isooctane (a,d) cyclohexane (b,e) dodecane (c,f)

As we can see in Fig. 5, with isooctane as oil
phase, the synthesized nanoparticles are smaller
and the density is higher in comparison with that
of cyclohexane and dodecane.

Isooctane has the smallest value of viscosity
among the three hydrocarbons: 0.51 mPas
(isooctane)  comparing to  1.02  mPas
(cyclohexane) and 1.34 mPas (dodecane).
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Fig. 6. Size distribution of silver nanoparticles in a/
cyclohexane b/ isooctane ¢/ dodecane
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So, micells in the isooctane solution had a
higher exchange rate and correspondingly shorter
exchange time. In such conditions, more silver
atoms were formed, more nucleation sites were
formed, but the nanoparticles were smaller
because there was less time for them to grow.

To find out the distribution of nanoparticle
size, we used the software ImageJ [13] to analyse
the TEM images. The average sizes of
nanoparticles in  cyclohexane, iso-octane,
dodecane correspondingly were 5.8 + 2.1, 1.5 +
1.2,5.6+24.

We could also predict the stability of the
synthesized colloids. High collision rate of
nanoparticles in isooctane would make them
agglomerate more easily. And the colloid would
be less stable than the other two.

Table 2. Stability of the colloids synthesized in
different solutions

Iso-octane 15+1.2 3 weeks
Cyclohexane 5.8+2.1 >1
Dodecane 5.6 +2.4 > 4

Our result shows that dodecane is an
excellent solution for silver nanoparticle
synthesis. The colloidal solution could be stored
for months without precipitation. We compared
the TEM images of the colloid before and after 4
months, they showed that sizes and shapes of the
nanoparticles did not change significantly.

To explain the wvery high stability of
dodecane colloids, we took a look at the structure
of dodecane. It’s a highly viscous hydrocarbon
with long carbon chains. These long chains make
the molecules more coiled and have less
interaction with the AOT molecules. In this

condition, the AOT molecules provide better
protection for the micells.

MAU_2302 [ TEM]

Fig. 7. TEM image of the same colloid synthesized in
dodecane before and after 4 months

In fact, there was a research [14] comfirming
the absorption of AOT molecules by silver
nanoparticles in dodecane by examining the
coordination between the sulfonic group and the
silver nanocluster.

Trang 81



Science & Technology Development, Vol 16, No.T4- 2013

Anti-bacterial properties

Table 3. Anti-bacterial efficiency of the synthesized colloids

After 3-min exposure
. . Ag concentration
Colloids Dilute (ug/mi) alive bacteria Biocidal
(CFU/mL) Effectiveness
Control 9x 107
33.69 <1 100%
2 times 16.85 <1 100%
Ag/cyclohexane -
5 times 6.74 <1 100%
10 times 3.37 <1 100%
36.26 <1 100%
2 times 18.13 18 100%
Ag/dodecane -
5 times 7.25 122 100%
10 times 3.63 15x10° 99,83%
49.81 <1 100%
2 times 24.91 19 100%
Aglisooctane -
5 times 9.96 192 100%
10 times 4.98 22x10° 99,76%

With very low concentrations of silver nano-
particles (less than 5pg/ml) and short time
exposure (3 minutes), the colloids could kill
almost 100% of the bacteria.

The excellent anti-bacterial property of the
colloids could be explained by the extremely
small-sized nanoparticles. The nanoparticles in

the range of 5-7 nm had large surface areas, so
the nanoparticles interacted with the bacteria
more effectively, inhibiting their growth and
reproduction.

Dodecane causes no skin irritation and eye
irritation [15], so we can use the colloids in anti-
bacterial products.
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CONCLUSION

We have successfully synthesized silver
nanoparticles dispersed in different solutions.
The fabrication process was simple. We did not
have to use any other stabilizers after the process.
Synthesized nanoparticles were 5 — 7 nm in
diameter. The colloidal solutions can be stored in
normal conditions for several months without
agglomeration. With dodecane, the colloid can be

used in anti-bacterial application without further
treatment. Within the 3-minute exposure to the E.
coli bacteria, the colloids showed excellent anti-
bacterial properties. Nanoparticles synthesized in
cyclohexane, iso-octane are very small and
homogeneous, so they can be used in SERS
(Surface Enhanced Raman  Spectroscopy)
application to amplify the signal.

Tdng hop hat nano bac st dung
phwong phap vi nhi twong
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TOM TAT

Cac hat nano bac duoc téng hop tir viéc
trén hai hé vi nhii twong chira tién chét
(AgNO3) va chat khir (NaBH). Trong hé vi
nhii tuong, chat hoat déng bé mat duoc st
dung la dioctyl sodium sulfonsuccinate —
AOT. Ching téi nghién ciru cac tham sé vé
ty 16 mol gitta nwéc va chét hoat déng bé
mat, loai hydrocacbon (déu). Ti 16 mol giira
nuéc va chéat hoat déng bé méat duoc thay
déi tir 2,5 dén 5; 7,5 va 10. Loai dau duoc

st* dung la cyclohexane, iso-octane va
dodecane. San phdm tao thanh dwoc danh
gia qua phé tia X, phé UV-vis va énh TEM.
Két qua cho thay céc hat nano bac téng hop
duwoc co kich thwdc trong khoang 5 — 7nm,
dang hinh céu déng nhét. Hé keo bac duoc
tao thanh duoc (ng dung dé diét khuén.
Hiéu suat khang khuén cia hé keo bac rat
tét, trén 99% véi néng dé hat bac khodng
49/ml.

Twr khéa: vi nhi tvong, hat nano bac, hinh dang déng nhét.
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