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Abstract: A simple synthesis of silver/montmorillomte/chitosan (Ag/MMT/Cts) Bionanocomposites (BNCs)
with controllable sizes 1s presented. In this research, reduction process of silver cations by UV-irradiation was
performed. AgNO,, MMT and chitosan were used as a silver precursor, solid support and stabilizer,
respectively. The properties of Ag/MMT/Cts BNCs were studied as a function of UV-irradiation time. We found
that UV-irradiation disintegrated the silver nanoparticles (Ag-NPs) into smaller size until a relatively stable size
and size distribution were achieved. The average size, size distribution and crystalline structure of Ag-NPs were
determined by Transmission Electron Microscopy (TEM) and Powder X-Ray Diffraction (PXRD). The
antibacterial activity of Ag-NPs was investigated against Gram-negative bacterium (Escherichia coli (E. coli))
and Gram-positive bacteria (Staphylococcus aureus (S. aureus) and Methicillin-Resistant Staphylococcus
Aureus (MRSA)) by disk diffusion method using Muller-Hinton Agar (MHA) at different sizes of Ag-NPs. All
of synthesized Ag/MMT/Cts BNCs were found to have high antibacterial activity. These results showed that
Ag/MMT/Cts BNCs can be useful in different biological research and biomedical applications such as surgical
devices and drug delivery vehicles.
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INTRODUCTION

The synthesis of nanomaterials with the desired
quality is one of the most exciting aspects in modem
nanoscience and nanotechnology (Bhattacharya and
Gupta, 2005). Among metal nanoparticles, silver
nanoparticles (Ag-NPs) have been known to have
inhibitory and antibacterial properties (Cho et al., 2005).
The Ag-NPs mteractions with bacteria are dependent on
the size and shape of the nanoparticles but bactericide
mechanism of Ag-NPs is not clear (Morones et al., 2005,
Pal et al., 2007). The antibacterial activity of the
Ag-NPs can be used n several biomedical applications,
for example, to reduce mfections in bum treatment
(Ulkur et ad., 2005) and human skin (Bosetti et al., 2002,
Gauger et al., 2003).

MMT as lamellar clay has mtercalation, swelling and
1on exchange properties. Its interlayer space has been
used for the synthesis of nanoparticles materials and

biomaterials, as suppert for anchoring transition-metal
complex catalysts and as adsorbents for cationic ions
(Kozak and Domka, 2004).

In this research, the effect of Ag-NPs size on
antibacterial property 1s presented. In addition, the
antibacterial activity of Ag" was investigated and
compared with antibacterial activity of prepared Ag-NPs.
Via this method, we are able to obtain Ag-NPs with
different sizes and antibacterial activity by controlling the
UV-irradiation time. Similar studies on Ag-NPs prepared
by chemical and physical reduction methods have been
reported (Abdullah et al., 2009; Hamid et al., 2009).

MATERIALS AND METHODS

All reagents were of analytical grades and were used
as recelved without further purification. AgNO, (99.98%)
used as silver precursor was supplied from Merck,
Germany. MMT, used as a solid support for Ag-NPs, was
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purchased from Kunipa-F, Japan. Chitosan (Low
molecular weight, Sigma-Aldrich, TUSA) was used as a
stabilizer agent. Glacial acetic acid (HAC, 99%), as a
solvent for chitosan, was purchased from Sigma-Aldrich,
USA. All aqueous solutions were prepared with double
distilled water (DD-water).

Synthesis of Ag/MMT/Cts BNCs: Chitosan sol (100 mL,
2.0% wt.) were prepared by solubilizing chitosan in 1.0%
wt. of HAC sol (pH~3.45) under constant stirring for 1 h.
Five himdred milliliter of AgNO, (0.02 M) was added into
the chitosan sol under constant stirring for preparation of
Cts/AgNO, sol. For preparation of MMT suspension,
5.0g of MMT was dispersed in 400 mI. DD water and was
vigorously stirred for 1 b The Cts/AgNO, was added into
the MMT suspension and the mixture was further
vigorously stirred for 4 h at the room temperature to
obtained MMT/Cts/AgNQ, sol. The MMT/Cts/AgNO,
sol. was wradiated using the UV reactor with UV-lamp at
A =365 nm, while it was stirred at speed of 195 rpm. The
iradiation times of 0 h(S0), 1h(S1),3h(S2), 18 h(S3),
48 h (84) and 96 h (S5) were applied for different cuvettes,
respectively. Then, obtained suspensions of Ag/MMT/
Cts BNCs were centrifuged, washed with DD-water
twice and dried at 40°C under vacuum overnight. All
experiments were conducted at ambient tem perature.

Evolution of antibacterial activity: In vifro antibacterial
activity of the samples was evaluated by disc diffusion
method using Mueller-Hinton Agar (MHA) with
determination of inhibition zones in millimeter (mm), which
conforms to the recommended standards of the National
Committee for Clinical Laboratory Standards (NCCLS).
Escherichia coli (ATCC 25922), Staphylococcus aureus
(ATCC 25923) and Methicillin-Resistant Staphylococcus
aures (MRSA) (ATCC 700689) were used for
antibacterial effect assay. Briefly, sterile paper discs
(6 mm) impregnated with 20 ul. of Ag/MMT/Cts BNCs
(32, 34 and 35) with different treatment times suspended
mn sterile distilled water and were left to dry in 37°C for
24 h in sterile condition. Bacterial suspension prepared by
making a saline suspension of isolated colonies selected
from an 18-24 h tryptic soy agar plate. The suspension
was adjusted to match the tube 0.5 McFarland turbidity
standard using spectrophotometer in 600 nm, which equal
to 1.5%10" Colony-Forming Units (CFU mL™").

The surface of MHA was completely inoculated
using sterile swab which steeped m prepared suspension
of bacterium. Finally, impregnated discs were placed
on the inoculated agar and the petri dish was incubated
at 37°C for 24 h. After incubation the diameter of growth
mhibition zones were measured. Chloramphemcol (30 pg)

and Cefotaxime (30 pg) were used as positive standards in
order to control the sensitivity of the bacteria. All tests
were done 1n triplicate.

Characterization: The Ag/MMT/Cts BNCs were
using (UV-vis)
spectroscopy, Transmission Electron Microscopy (TEM)
and Powder X-Ray Diffraction (PXRD). The UV-vis
spectra were recorded over the range of 300-700 nm with
(HUV.1650 PC, SHIMADZU) UV-vis spectrophotometer.
Transmission Electron Microscopy (TEM) observations
were carried out on A Hitachi H-7100 electron microscope
and the particle size distributions were determined using
the UTHSCSA Tmage Tool version 3.00 program. The
structure of Ag/MMT/Cts BNCs has been studied using
powder Xray diffraction (PXRD-6000 SHIMADZU). The
change in interlamellar spacing of MMT and Ag/MMT/
Cts BNCs was also studied by PXRD in the angle range of
2°<20<12°. The PXRD patterns were recorded at a scan
speed of 2°C min~". The reacticns were carried out cn a
UV reactor (UV-A, 6W).

characterized ultraviolet-visible

RESULTS AND DISCUSSION

The colour of prepared samples at different
UV-irradiation times gradually changed from colourless to
light gray then to gray and finally to dark gray, indicating
the formation of Ag-NPs in MMT/Cts suspension. When
the MMT/Cts/AgNO, suspension was irradiated under
UV for 3 h (32), photo-reduced Ag-NPs were formed with
a broad size distribution and mean diameter of about
4.60+1.31 nm (Fig. la and b). As it can be seen from
(Fig. 1¢ and d), when the irradiation time was increased in
34, the mean diameter of Ag-NPs decreased considerably
to 3.164+0.95 nm as compared to S2. It can be seen that
larger Ag-NPs were obtamned under shorter irradiation
time and they disintegrated under the further UV-
irradiation (Huang and Yang, 2008).

Figure 1e and f show no large decrease in the particle
size and change i size distribution can be observed in S5
(2.722£0.53 nm), when compared with S4. This indicates
that the Ag-NPs obtained in this irradiation time are
extremely stable.

As shown m Fig. 2, the onginal d; of MMT, 1.24 nm
and in MMT/Cts is increased tol .67 nm at smaller 26
angles (26 = 7.12° for MMT and 26 = 5.26° for MMT/Cts)
by chitosan intercalation. The d; in S5 also was increase
to 1.70 nm at smaller 20 angles (26 = 5.16°) by silver
intercalation. Theses d, values are direct proof of
intercalation structures. Metallic nanoparticles formed at
the latter location are the cause of the increase in basal
spacing. In these samples the intensities of the reflections

1157



Fes. I Bial. S, & ¢11): 1156-1161, 2008

M diawwter: 4680 nm
fx13lom

hlpgn Fymcige; 1,14 xm
BD; 095 mn

himen dismeter: 272 3
SxO0S1mm

Fig. 1: TEM images and theit cortesponding paticle size distribtions of AgWPs o differest TV -irradh ati on tim es; 32

(aand by, 34 (c and d) and 85 (e and f)

ate 3 gnifi cartly lowrer wher eas their hafowidths are larger
than those of widoped clay minerals: the highly ordered
patallel lamellar structire of the mineral is dismapted by
particle form ation (Patakfalvi of 2], 2003).

The PERD pedks at 28 of 32.07°, 44 237, 64 52% and
TT.30° (Fig 3 can be attriboted to the 111, 200, 220 and
311 erystallographic planes of face centered cubic (foc)
silver crystals, respectively (Temgire and Josghi, 20047, The
PERD peak broaderings of AgMNPs are mostly because

of existing of hano-sized particles (Prasad of &, 2006). In
additi ot thete is a characteristic peak at shout 28=62.5°
thatrelated to MMT cay (PEXRD Ref Mo, 00-003-0010) as
a stakle subatrate.

The characteristic silver Swface Plasm on R esonance
(EPE) bandwasz detected aroand 330 run (Fig. 4), when the
UV-irradiation duration exceeded 3 h For 53 and 54 the
abzothanice was observed o 331 rm and its intensity
obmaously has incressed compared to 320 The increasze
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of the absorbance with further UV-Irradiation time
indicates that the concentration of Ag-NPs increases
(Bohren and Huffman, 1998) because the photo-induced
fragmentation of Ag-NPs has increased the total number
of particles in the solution. For S5, the absorbance
increased considerably and was red-shifted to 336 nm.

7.12°
1.24 nm

MMT
5.26°

1.67 nm
MMT/Cts

5.16°
1.70 nm

b MMT/Cts/AgBNCS (S5)

Intensity (a.u.)
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Fig. 2: PXRD patterns of MMT and Ag/MMT/Cts BNCs
(S5) for determination of d-spacing (d;)
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Fig. 3: PXRD patterns of; a) Ag/MMT/Cts BNCs (S5)
and b) MMT

Table 1: Average of inhibition zones for synthesized Ag/MMT/Cts BNCs

This is consistent with earlier findings that at higher
concentration of metal nanoparticles may also lead to the
red-shift of SPR band (Liu e al., 1998).

Inhibition zones values were obtained for the
synthesized nanoparticles tested against F. coli,
S. aureus and MRSA. The results and images of inhibition
zones are presented as average values in Table 1 and
Fig. 5, respectively.

Table 1 shows that the Ag-NPs give high and similar
antibacterial activity against Gram-positive bacteria
and Gram-negative bacterium. Because of their size,
Ag-NPs can easily reach the nuclear content of
bacteria and they present the greatest surface area,
therefore the contact with bacteria is the greatest
(Lok et al., 2006).

The Ag/MMT/Cts BNCs sols were used in the form
in which they had been prepared. Therefore, antibacterial
tests of solutions containing the reaction components
were performed.
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Fig. 4: UV-vis absorption spectra of Ag/MMT/Cts BNCs
at different UV-irradiation times

Inhibition zone (mm)

Control positive (mm)

Control negative (mm)

Bacteria S0 52 S4 N — MMT---------- Cefotaxime Chloramphenicol
E. coli 8.5 9.0 9.0 9.0 NA* 23 18

S. aureus 9.5 9.5 9.5 9.5 NA 25 19
MRAS 8.5 8.5 8.5 8.5 NA 20 17

*Not appear
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Fig 5: The im age of artibacterial activities of prepared samyples against different bacteria

COMCLUSION

Inthis study, AT/ Cts BHC swith different sizes
of APz were smthesized in interlayer of MBMT in an
agqueous  zolution by UV-irradision method  and
chatacterized vsing TEM, PERED and TV -z absorption
spectroscopy. The antibacterial properties of these
natoparticles to different bacteria (Graw-positive and
Gram-negative) inclading mudtiresistant strains  were
successfully dem onstrated
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