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ABSTRACT

Silver nanoparticles (AgNPs) were synthesized by novel and direct method
throughout the in situ emulsion polymerization of MMA monomer to give
poly (methyl methacrylate)/silver (PMMA/Ag) nanocomposites using
different concentrations of silver nitrate (AgNO,) solutions. The fashioned
PMMA/Ag nanocomposites were characterized using UV spectroscopy,
FT-IR spectroscopy. The structural and morphology of PMMA/Ag
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nanocompositeswere characterized using X-ray diffraction pattern (XRD),
aswell as scanning electron microscope (SEM) and transmission electron
microscope (TEM). Moreover, the prepared PMMA/Ag nanocomposites

may be used as food packaging materials.
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INTRODUCTION

The polymer nanocompositeshave attracted enor-
mouséattention lately owingto their advantageousin me-
chanicd, optica propertiesand their thermd stabilityt2,
which aremainly attributed to the high degree disper-
sion of layered inorganic compoundsin the polymer
matrix®. Among the polymer nanocomposites, exfoli-
ated typesof these material sfrequently have molecular
dispergon of highaspect ratio of inorganiclayersinpoly-
mer nanocomposites?. Thereare many methodshave
been reported for the synthesis of exfoliated
nanocomposites with good properties>™. Thefavor-
ablephysica and chemical propertiesof inorganicand
inorganic-organici® hybrid nanocompositeshavere-
cently provoked many laboratoriesto study these ma-
terids. Themost frequently monomer isthemethyl meth-

acrylate(MMA) which have been used inthe prepara-
tion of nanocompositeswater based polymerizationre-
actiond?.

Inorganicantibacterid materid isusudly intheform
of ananocompositeisconsdered ashighly safemateri-
asdueto (non-volatile) and heat res stant compared to
organic materids. Inaddition; metalicionshaving anti-
bacteria and antifungal capabilities, suchassilver, cop-
per and zinc, areimpregnated inamineral or blended
withacarrier toform the nanocomposites*® or applied
asacoating. Appropriaterel ease of antibacteria meta-
licionsfrom the nanocomposites can effectively inhibit
thebirth and growth of harmful microbes. AsAgions
aretakeninto microbes, they react and bond to the cel-
lular enzymemicrobesthisinhibitsenzymeactivity and
multiplication of microbes, thuskilling the microbes.
Whenslver nanoparticlesareincorporated intothe poly-
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mer matrix, the prepared polymer nanocompositesbe-
comeact asantibacteria materia gv.

Commonly, polymer nanocomposites containing
nanometal were prepared in situ methods. The metal
ionswerereduced to nanoclustersinside polymer so-
lution or prepolymer solution that could interpret to
polymer afterward; inthis case, nanometal particles
would congregatein the polymer matrix because po-
lymerization and reduction occurred separately. Until
now, sometypical methodsincludeirradiation tech-
nique such as ultraviol et'?, y-ray!®, microwave¥,
ultrasound™>1€, and rapidly were developed to carry
out bi-in situ synthetic technigue. Ag nanoparticles
nanocomposites have been reported in recent yeard*”
191 such as preparation, characterization, and appli-
cation of polymer/silver nanocomposites, however, no
reference on preparation of polymer/Ag
nanocomposites prepared viain- situ emulsion poly-
merization technique. In present work an easy one-
step synthetic way for PMMA/Ag nanocomposites
with Ag nanoparticlesas coreand PMMA asshell by
preparing Ag nanoparticlesby reduction of Agr toAd°
through C=0 of methyl methacrylate.

MATERIALSAND METHODS

Materials

Methyl methacrylate (MM A) monomer, aproduct
of schuchardt (yield 99%) stabilized with 14 ppm hyd-
roquinone. It was purified by washing with a small
amount of sodium hydroxide solution (5%), theMMA
was separated with separating funnel and dried over
anhydrous sodium sulphate. High purity silver nitrate
(AgNOQ,) was purchased from the No. 1 Chemical
Reagent Company in Shanghai. Cetyltrimethyl ammo-
nium bromide (CTAB) was provided by Merck,
Darmstadt, Germany. Potassium persul phate (PPS) was
used asreceived fromAlfaAesar.

Prepar ation of PMMA/Ag nhanocomposites

Themixturecontainingslver nitrate, polymerizable
monomer MMA, emulsifier, and distilled water, the
emulsion polymerization processwascarried out ina
round bottomed two necked, Q.F. (250 ml) flask
equipped with amechanical stirrer, reflux condenser,
and athermometer. The polymerization was start by
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dissolving persulphate (PPS) in agueous phase (water)
andtherequired anountsof silver nitrate (AgNO,) was
added to the monomer phase (0.0, 0.5, and 1.5 wit.
%), then themixturewasdispersed intheagueous phase
and the polymerization wascarried out under stirring at
therequired temperature (80°C), with tirring rate 500
r.p.m, for 8h. The brown emulsion was obtained by
after certain minutes. The resultant emulsion was
demulsfied with anhydroussodium sulfate, washed with
absoluteethyl alcohol, and cleaned repesatedly with dis-
tilled water, and the brown powder was obtained. Fi-
nally, the productswere subjected to vacuum drying at
75°Cfor 24 hfor subsegquent characterizations.

Characterization of PMM A/Ag nanocomposites

The XRD patternsinvestigations of the polymer
nanocomposites were carried out on a Diano X-ray
diffractometer using CoKa radiation source energized
at 45kV and aPhilips X-ray diffractometer (PW 1930
generator, PW 1820 goniometer) with CuK radiation
source (A=0.15418 nm). Thebasal spacing (dL) was
calculated from the (001) reflection viathe Bragg,s
equation. UV-Spectroscopy wascarried by Shimadzu
UV-Visblerecording spectrophotometer UV-240. The
thermal stability was studied using a Perkin Elmer
Thermogravimetricanayzer (TGA), withahegtingrate
of 10°C/minin nitrogen atmosphere. Scanning eectron
micrographs (SEM) were taken using a FEI IN-
SPECTS Company, Philips, Holland environmental
scanning without coating. The nanostructure of diver
nanoparticleswase ucidated by JEOL JEM-1230trans-
mission e ectron microscope (TEM) with acceleration
voltageof 80 kV. The microscopy probesof thediver
nanoparticleswas prepared by adding asmall drop of
thewater dispersionsonto aLacey carbon film-coated
copper gridthendlowingthemtodryinair.

RESULTSAND DISCUSSION

X-ray diffraction pattern (XRD) study

The emulsion polymerization of MMA monomer
wascarried out in presence of different concentration
of AgNQ, (0.5 and 1.5 wt %) depend on monomer
amount which still constant at 9.5wt % (10 ml). The
three PMM A/Ag nanocompositessamplesitscrystal
phase structure was characterized by XRD as shown
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Figurel: XRD of PMM A/Ag nanocompositesprepared by in situ emulsion polymerization in presenceof silver nitrate

(AGNO,) (2) 0.5Wt. %, (b) 1.5Wt. %.

inFigurel. Inthecase, thePMMA/Ag nanocomposites
exhibit five peaks, thewide diffraction peak at around
15wasderived from noncrystl PMMA.. Theother four
peaksat 38, 44, 64, and 77 are characteristic diffrac-
tion peaksof metdlic slver, corresponding to thefour
diffraction planes (111), (200), (220), and (311), re-
spectively. But, based on asymmetry of the peak shape
of 44.37, it was deliberation that therewas acertain of
abnormality at theface of silver phase (200), which
waspossibly related to PMMA chain grated on face of
thesilver nanoparticlescrystal.

Infrared (IR) characterization of PMMA/Ag
nanocomposites

ThelR spectrum of nanocompositeswascollected
after purification and pell et pressed together with po-
tass um bromide; the spectrumispresentedin Figure 2.
Thecharacteristic peak of C=C (1638 cm™) whichin-
dicated the polymerization of MMA monomer occurred
nearly completely disappeared in PMMA/Ag
nanocompositesspectrum. Al so, the characteristic pesk
of C=0 (1734cm™) and of C-H (1438 cm™) inMMA
spectrum were shifted to 1729 and 1465cn, respec-
tivelyin PMMA/Ag nanocomposites spectrum, and the

intensity of the two peaks was relatively improved,
whichimpliedthat thereexisted interaction between sil-
ver nanoparticlesand polymer matrix to some degree.
Also, the three spectra of the prepared PMMA/Ag
nanocomposites with different loadings of Ag
nanoparticles approximately match and the difference
appeared only intheintensity of the peaks.

Mor phological study

The structure of the prepared PMMA/Ag
nanocompositeswasinvestigated in detailsby using
scanning e ectron microscope (SEM) aswell transmis-
sion electron microscope (TEM). A scanning e ectron
mi croscope was empl oyed to analyze the structure of
the nanoparticles that were dispersed in
nanocomposites. Figure 3 adisplayed theformation of
Ag nanoparticleswith particlesizeranging from 8-30
nm. Furthermore, thesurfacemorphologica properties
of the prepared PMMA/A g nanocompositeswere ex-
amined andillustrated in (Figure 3b and c) sincethe
percol ation threshold in nanocompositesisrelated to
thehomogeneity of the mixing nanoparticlesand poly-
mer matrix inthe prepared nanocompositeswhich con-
taining different concentration of Ag nanoparticles. This
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Figure2: Infrared spectraof PMMA prepared by enulsion polymerization in absencesof AQNO, (a)aswell as, PMMA/Ag
nanocomposites prepared by in situ emulsion polymerization in presence of silver nitrate (AgNO,) with different

concentrations, (b) 0.5wt. %, (c) 1.5wt. %.

interaction may be accessiblealargeavailable surface
areaof the polymer matrix for chemical and physical
interactionsand antimicrobid activity.

The SEM resultswhen sitably interpreted and com-
bined with TEM resultsoffer much information about
themorphological structuresof theAg nanoparticlesas
well as the structure of the prepared PMMA/Ag
nanocomposites. Complementary, thesetwo techniques
giveevidenceto help usto obtain significant relation-
shipsbetween the PMM A/Ag nanocomposites. More-
over, based on the obtained morphol ogical datausing
transmission el ectron microscope (TEM) Figure4a
demondtrated theformation of silver nanoparticleswhen
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emulsion polymerization of MMA monomer carried out
in presence of silver nitrate solution. Also, Figure4b
and c represent the PMM A/A g nanocompositeswhich
maintai nthe homogeneity and uniformity of thedistri-
bution of Ag nanoparticles on the surface of the pre-
pared PMMA sheet when loading low concentration
of slver nitrate (0.5 wt%o) during emulsion polymeriza
tion of MM A monomer. Whilewithincreasingtheload-
ing of silver nitrate (1.5 wt %) the dispersion of Ag
nanoparticlesin PMMA matrix fashioned lesshomo-
geneity of the prepared nanocomposites, thisowingto
he agglomerate of silver nanoparticlesin PMMA ma-
trix duetoitshigh surfaceareaof Ag nanoparticles
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Figure3: SEM imageof Ag nanoparticles
%, (c) 1.5wt %.

; —
Figure4: TEM imageof Silver nanoparticles(a) aswell as
PMMA/Ag nanocomposites containing different
concentrations of Ag NPs (0.5 wt. % and 1.5 wt. %
respectively, b, c).
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Thermal stability of PMM A/Ag nanocomposites

Thethermal stability of the prepared PMMA/AgQ
nanocomposites can be monitored by TGA, and the
behavior isshownin (Figure5) for pure PMMA and
the prepared PMM A/A g nanocomposites. It wasre-
ported that two main reaction stages happen through
degradation of PMMA in nitrogen atmosphere®. The
first stage, which can bedivided into two steps, repre-
sents decomposition of weak head-to-head linkages
and impuritiesfor the range between 160 and 240°C,
and decomposition of PMMA chain-ends around
290°C. The second stage, between 300 and 400°C,
represents random scission of the polymer chains. In
Figure 5a, the pure PMMA decomposition demon-
strates two reaction stages, whereasthe PMMA/Ag
nanocomposites display only the second stageindi cat-
ing random scission decomposition. PMMA/Ag
nanocomposites showed enhanced thermal stability
when compared to the pure polymer and increasing the
thermal stability withincreasingtheAg nanoparticles
into PMMA matrix. Thisdes gnatesthat thebound poly-
mer chansnear Ag nanoparticlesmight havehigher ther-
mal stability or may beaffordsabarrier which prevents
rel ease of evolved degradation products, they trapping
the productswhich recombineto formthermaly stable
residues. Since, thisenhancement intherma stability of
the prepared PMM A/Ag nanocompositesmakesit as
suitable materia for packaging applicationg?.
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Figure5: TGA curvesof a) purePM M A prepar ed by emulsion
polymerization as well as PMMA/Ag nanocomposites
prepared by in situ emulsion polymerization in presence of
silver nitrate (AgNO,) with different concentrations, (b) 0.5
wt. %, c) 1.5wt. %.
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UV-visiblespectroscopy

The in situ emulsion polymerization of MMA
monomer wascarried out in presenceof different con-
centrations of silver nitrate solutions. The Ag
nanoparticleswill beformed and will examineusing
UV-visible spectroscopy, the differencein the metal
salt concentration well influence the formation of
nanoparticles. Figure 6 showstheeffect of varyingsil-
ver nitrate concentrations on nanoparticles synthesis
when theemulsion polymerizationwascarried out with
different concentrations (0.0, 0.5wt %) of silver ni-
trate, colorless, brown and dark brown colorswere
observed, respectively. When the silver nitrate con-
centrations changed from 0.5 wt %, in PMMA
nanocompositesthe peak of Ag nanoparticleswill ap-
pear at around 420 nm that provetheformation of Ag
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nanoparticles, and thispesk becamevery intensvewith
increasing thesilver nitrate concentration (Figure 6b).
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Figure6: UV-spectroscopy of pure PMMA (a) aswell as

PM M A/Ag nanocomposites containing 0.5 wt. % of Ag

nanoparticles(b)
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CONCLUSIONS

Successfully syntheszed AgNPsdirectly usngin-stu
emulsion polymerization of MMA monomer, PMMA/
Ag nanocompositeswerecharacterized usng UV spec-
troscopy and appear characteristic peak at 445 nmre-
latedtoAgNPs. XRD, SEM and TEM confirmed the
formation of PMM A/A g nanocomposites containing
AgNPs. Thuscarbonyl (C=0) of the MMA monomer
workseffectively for thesynthesisof slver nanopartices.
Theprepared nanocompositesexhibit morethermd sta-
bility morethan pure polymer. Theseinturn, could be
appliedinthefieldsof food packaging applications.
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