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Abstract: Problem statement: Silver/Montmorillonite/Chitosan Bionanocompositesg/MMT/Cts
BNCs) have been synthesized by UV-irradiation réidncmethod in the absence of any reducing
agent or heat treatment which is used to antibattgpplication and medical devicespproach: MMT,
Chitosan and AgN@were used as a solid support, stabilizer and isjivecursor, respectively. The
properties of Ag/MMT/Cts BNCs were studied as action of UV-irradiation times. The crystalline
structure, d-spacing of interlayer of MMT, the sidistributions and surface plasmon resonance of
synthesized silver nanoparticles (Ag-NPs) were ati@rized using Powder X-Ray Diffraction
(PXRD), Transmission Electron Microscopy (TEM) dd¥-vis spectroscopy. The functional groups
of prepared BNCs were also determined by Fourian$form Infrared (FT-IR)Results: The results
obtained from UV-vis spectroscopy of synthesizedMfgs showed that the intensity of the maximum
wavelength of the plasmon peaks were increased thithincreasing in the UV-irradiation times.
Results from UV-visible spectroscopy and Transmissi Electron Microscopy (TEM)
microphotographs show that particles size of Ag-Nlesrease with the increase of UV-irradiation
time. Conclusion: UV-irradiation disintegrated the Ag-NPs into smealkize until a relatively stable
size and size distribution were achieved. Ag/MMBE@NCs could be suitable to antimicrobial
applications and medical devices.
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INTRODUCTION properties. It is found in various applicationsclsias
catalysis, electronics, non-linear optics, antiwiial
Due to their excellent properties, and biomaterial applicatiols Several methods have
metal/clay/polymer compounds as Bionanocompositebeen reported for the synthesis of Ag-NPs, e.g.,
(BNCs) have become a promising new research fielgphotochemical reductiéh, microwav&®, chemical
BNCs are made of natural polymer matrix andreductiof”, y-irradiatiod'?. In this study, we report
organic/inorganic filler with at least one dimension  the synthesis of Ag/MMT/Cts BNCs by UV-irradiation
the nanometer scale. Among natural polymers chitosamethod at different irradiation times.
has been extensively investigated as a naturabréati
biopolymer with excellent bioactivity, biodegraditiyi MATERIALSAND METHODS
biocompatibility, nontoxicity and multi functional
groups as well as solubility in aqueous mediumfdod  Materials: All reagents were of analytical grades and
packaging film, bone substitutes and artificiahSKi.. were used as received without further purification.
MMT as a lamellar clay has intercalation, swelling AQNO; (99.98%), used as silver precursor, was
and ion exchange properties. Its interlayer spaae h supplied from Merck, Germany. MMT, used as a solid
been used for the synthesis of material and biomaate support for Ag-NPs, was purchased from Kunipa-F,
nanoparticles, as support for anchoring transitretal  Japan. Chitosan (Low molecular weight, Sigma-
complex catalysts and as adsorbents for catiomis®io  Aldrich, USA) was used as a stabilizer agent. Glaci
. Ag-NPs possess many interesting and uniquecetic acid (HAC, 99%), as a solvent for chitosaas
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purchased from Sigma-Aldrich, USA. All aqueous RESULTS
solutions were prepared with Double Distilled water
(DD-water). TEM images and their size distributions of Ag-

NPs show the mean diameter of the nanoparticles
Synthesis of Ag/MMT/Cts BNCs: Chitosan sol mostly ranged from 3-5 nm (Fig. 1). The comparison
(100 mL, 2.0 wt%) were prepared by solubilizing between PXRD patterns of MMT and Ag/MMT/Cts
chitosan in 1.0 wt% of HAC sol (pH~3.45) under BNCs in the small angle range o8 22°<2<12°),
constant stirring for 1 h. Five hundred ml of AgNO indicate the formation of the intercalated struetur
(0.02 M) was added into the chitosan sol undertemns (Fig. 2). The PXRD pattern was also employed to
stirring for preparation of Cts/AgNQ sol. For  determine the crystalline structure of the synthesi
preparation of MMT suspension, 5.0 g of MMT was Ag-NPs (Fig. 3). The formation of Ag-NPs was also
dispersed in 400 mL DD-water and was vigorouslyfollowed by measuring the surface plasmon resonance
stirred for 1 h. The Cts/AgNOwas added into the (SPR) of the MMT/Cts suspensions containing Ag-
MMT suspension and the mixture was furtherNPs at the wavelength ranged from 300-700 nm @ig.
vigorously stirred for 4 h at the room temperattbe The chemical structure of the MMT/Cts and

obtained MMT/Cts/AgN@ sol. The MMT/Cts/AgN@  Ag/MMT/Cts BNCs were analyzed by using FT-IR
sol was irradiated using the UV reactor with UV-lam spectroscopy (Fig. 5 and 6).
atiA = 365 nm while it was stirred at speed of 195 rpm.

The irradiation times of 1 h (S1), 3 h (S2), 1838), DISCUSSION
48 h (S4) and 96 h (S5) were applied for different
cuvettes, respectively. Then, obtained suspensidns The color of prepared samples at different UV-

Ag/MMT/Cts BNCs were centrifuged, washed with irradiation times gradually changed from colorléss
DD-water twice and dried at 40°C under vacuumlight gray, then to gray and finally to dark gray,
overnight. All experiments were conducted at ambienindicating the formation of Ag-NPs in MMT/Cts
temperature. suspension. When the MMT/Cts/AgN®uspension
was irradiated under UV for 3 h (S2), photo-reduced
Characterization methods and instrumentation:  Ag-NPs were formed with a broad size distribution
The Ag/IMMT/Cts BNCs were characterized usingang mean diameter of about 4.60+1.31 nm (Fig. la
ultraviolet-visible (UV-vis) SPECtroscopy, ang p). As it can be seen from (Fig. 1c and d),whe
Transmission Electron Microscopy (TEM), powder X- o jrradiation time was increased in S4, the mean

ray difiraction (PXRD) and Fourier T_ransform diameter of Ag-NPs decreased considerably to
infrared spectroscopy (FT-IR). The UV-vis SpeCtra3.16iO.95 nm as compared to S2. It can be seen that
were recorded over the range of 300-700 nm wit arger Ag-NPs were obtained under shorter irradrati

(H.UV.1650 PC, SHIMADZU) UV-vis L
spectrophotometer. Transmission electron microscoptrgzi;[?:r{lg?ey disintegrated under the further UV-

(TEM) observations were carried out on A Hitachi H- Photo-induced fragmentation of Ag-NPs has been

7100 electron microscope and the particle size . )
distributions were determined using the UTHSCSAreloorted by Kamatt al.". Briefly described as the

Image Tool version 3.00 program. The structure Of‘ollowmg:

Ag/MMT/Cts BNCs has been studied using Powder

X-Ray Diffraction (PXRD-6000 SHIMADZU). The (Ag), +2hv - (Ag), + &, (1)
change in interlamellar spacing of MMT and
Ag/MMT/Cts BNCs was also studied by PXRD in the
angle range of 2°<¢&12°. The interlamellar space
was calculated from the PXRD peak positions using
Bragg's law. A wavelengthAj equal to 0.15418 nm Ag); - (Ag) ,+Ag’ (3)
was used for these measurements. The PXRD patterns

were recorded at a scan speed of 2° hifT-IR _

spectra were recorded over the range of (400-4608 ¢ Where: _ . .
with a series 100 Perkin Elmer ET-IR 1650 (Ag), = The silver nanocluster containing (n) silver
spectrophotometer, The reactions were carried b o atom

UV reactor (UV-A, BW). e, = The aqueous electron
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Fig. 1. TEM images and their corresponding partsiee distributions of Ag/MMT/Cts BNCs for S2 (adah), S4
(c and d) and S5 (e and f)

After UV-irradiation on aqueous suspensions ofprotected by the MMT/Cts due to their special
MMT/Cts/AgNQG;, a large amount of aqueous electronsstructure. As shown in Fig. 1e and f, no large ease
e, was produced and the Agons were reduced into in the particle size and change in size distributtan
: be observed in S5 (2.72+0.53 nm), when compared
Ag. The d-spacin between layers of MMT was ™ S : .
ogcupied bypelen%egdtal Ag atom)s/. Then. there is é(wth S4. This indicates that the Ag-NPs obtainethis
higher possibility for the single Ag atoms to nutte 'rrad/kat'o’;]t'me are el’:‘.”emg'y ﬁtab'e.'. o5 MMT
and grow into (Ag) clusters rather than being oxidized _ _, / S S OV\c/in_ mMM'Ilgl- , the orlglnaclil_ 167
into Ag’ ions again because the (Agglusters are —<% NM and in Cts is increased t01.67 nm at
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smaller ® angles (2 = 7.12° for MMT and 2 = 5.26°
for MMT/Cts) by chitosan intercalation. The th S5
also was increase to 1.70 nm at smalraB8gles
(26 = 5.16°) by silver intercalation. Theseg \hlues
are direct proof of intercalation structures. Migtal
nanoparticles formed at the latter location arecthese
of the increase in basal spacing. In these santpkes
intensities of the reflections are significantlywier

Am. J. Applied Sci., 6 (12): 2030-2035, 2009

The PXRD peaks att2of 38.07, 44.23, 64.52 and
77.30° (Fig. 3) can be attributed to the (111),0§20
(220) and (311) crystallographic planes of faceter
cubic (fcc) silver crystals, respectivéf, The PXRD
peak broadenings of Ag-NPs are mostly because of
existing of nano-sized partic/é3. In addition there is a
characteristic peak at aboud 2 62.5° that related to
MMT clay (PXRD Ref. No. 00-003-0010) as a stable

whereas their half-widths are larger than those obubstrate.
undoped clay minerals: the highly ordered parallel The characteristic silver Surface Plasmon

lamellar structure of the mineral is disrupted layticle

formatior®®.
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Fig. 3: PXRD patterns of MMT and Ag/MMT/Cts
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Resonance (SPR) band was detected around 330 nm
(Fig. 4), when the UV-irradiation duration exceed®d
h. For S3 and S4 the absorbance was observed at 331
nm and its intensity obviously has increased coegar
to S2. The increase of the absorbance with furthér
Irradiation time indicates that the concentratidrAg-
NPsincreasé¥!  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 re@dhift
to 336 nm. This is consistent with earlier findirthat
at higher concentration of metal nanoparticles aiap
lead to the red-shift of SPR bai

The FT-IR spectrum of MMT (Fig. 5¢) shows
the vibration bands at 3619 chfor O-H stretching,
3425 cm' due to interlayered O-H stretching (H-
bonding), at the 1637 and 1502 ¢nfor H-O-H
bending, 984 and 896 chfor Si-O stretching, 594 crh
for Al-OH, 896 cm® due to (Al, Mg)-OH vibration
modes and 518 and 430 ¢nfor Si-O bendin§®.

Absorbance
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Wavelength (nm})

BNCs (S5) (a) MMt (b) MMT/Cts/Ag-BNCs Fig. 4: UV-vis adsorption spectra of Ag/MMT/Cts

(S5)

BNCs at different irradiation times
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Fig. 6: FT-IR spectra of MMT/Cts and Ag/IMMT/Cts
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of-NH, groups in pure chitosan at 1643 and 1578'cm
are shifted to 1630 and 1534 Cnin the MMT/Cts,
corresponding to the deformation vibration of amine
group of chitosadf. These results are in agreement
with the data from PXRD, revealing the intercalataf
chitosan in the MMT structure. As shown in Fig. 6,
there is no significant change in the spectra of
MMT/Cts and Ag/MMT/Cts BNCs, except for the
disappearance of the peak at 1368 and 1308 fon
MMT/Cts and the existence of the peak at 1380'cm
due to the complexation between the amino groups of
the chitosan and Ag-NPs.

CONCLUSION

The silver nanoparticles were successfully
prepared in the interlamellar space of MMT by using
UV-irradiation, without any reducing agent or heat
treatment. The Ag-NPs were found to be stabilized b
chitosan molecules. The size distributions of AgsNP
prepared at different UV-irradiation times indicdte
that larger Ag-NPs were obtained when irradiated fo
3 h. Further experiments showed that increase in UV
irradiation time caused decrease in particles aiza
their size distributions. The synthesized Ag/MMTECt
BNCs are stable in aqueous solutions and have
potential applications as antimicrobial products.
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